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Abstract. Allochthonous limestones less than 3 m thick are intercalated lenticularly within sandstones and 
mudstones of the upper part of the Upper Permian Toyoma Formation in the South Kitakami Belt. They are 
bedded and laminated, and have many thin interbeds of sandstone and mudstone. These limestones are nar­
rowly distributed exclusively in the Kesennuma area, and largely differ from platform limestones of the Lower 
Permian Sakamotozawa and Middle Permian Kanokura formations, both widely distributed in the South 
Kitakami Belt, in their occurrence and extent. Thirty-two species of foraminifers, some of which are re­
stricted to the Changhsingian, are discriminated in limestones, limestone conglomerates, and calcareous 
sandstones of the upper part of the Toyoma Formation. This foraminiferal fauna evidently belongs to the 
Tethyan province paleobiogeographically, and is characterized by dominant Colaniella parva, subordinate 
Nanlingella cf. meridionalis, and accessory PalaeofusulitlU sp. These three species are described herein. 

Key words: allochthonous limestones, Changhsingian foraminifers, South Kitakami-Kurosegawa Old Land, 
upper part of Toyoma Formation 

Introduction 

The South Kitakami Belt in Northeast Japan along with 
the Kurosegawa Belt in Southwest Japan is a distinct tec­
tonic unit bounded by strike slip faults associated with 
serpentinite (Figure 1). Middle Silurian to Lower Creta­
ceous deposits rest on pre-Silurian granitic and metamor­
phic rocks in the South Kitakami Belt (Kawamura et al., 

1990) and in the Kurosegawa Belt (Yoshikura et al., 1990). 
Paleozoic formations in these two belts are marked by shelf 
limestones containing terrigenous deposits and terrestrial 
plant fossils, which are absent in the pre-Cretaceous 
accretionary complexes of Japan. 

The Permian of the South Kitakami Belt is subdivided 
into three units: Lower Permian Sakamotozawa Formation, 
Middle Permian Kanokura Formation, and Upper Permian 
Toyoma Formation (Figure 2). The Saka'!l0tozawa For­
mation is dominated by platform limestones and overlies 
unconformably the Upper Carboniferous (Bashkirian) 
Nagaiwa Formation. The Kanokura Formation is marked 
by Murgabian to Midian reef complexes and thick granitic 
conglomerate. Based on faunas, floras, and limestone 

lithologies of the Sakamotozawa and Kanokura formations, 
the South Kitakami Belt is thought to have been deposited 
in the equatorial Tethys in proximity to South China 
(Kawamura and Machiyama, 1995; Ehiro, 1997; 
Kobayashi, 1999). On the other hand, Middle Permian 
brachiopod faunas of the South Kitakami Belt are thought 
to be allied to those of Northeast China, Inner Mongolia, 
and South Primorye, and are different from the typical 
Tethyan faunas (Tazawa, 1991, 1998). The Toyoma 
Formation is represented by dominant argillaceous rocks. 
Limestones are less than 3 m thick, restricted to the upper 
part of this formation in the Kesennuma area, and present 
a striking contrast to widespread Lower and Middle 
Permian limestones in the South Kitakami Belt. 

Fusulinaceans and their biostratigraphic zonation in the 
Sakamotozawa and Kanokura formations (Figure 2) were 
studied by Kanmera and Mikami.(1965), Choi (1970), and 
others. Details on foraminiferal faunas of the Toyoma 
Formation have remained uncertain except for the occur­
rence of Coianiella I and Lantschichites described by 
Tazawa (1975) and some late Permian foraminifers listed 
by Ishii et ai. (1975). 
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This paper describes and discusses the limestone 
lithology and Changhsingian foraminiferal fauna of the 
upper part of the Toyoma Formation in the Kesennuma 
area. The allochthonous origin of the limestones of this 
formation is demonstrated. Three species of foraminifers, 
Colaniella parva, Nanligella cf. meridionalis, and Palaeo­
fusulina sp., are described among the 32 taxa distinguished. 
All the described and illustrated specimens are stored in the 
Museum of Nature and Human Activities, Sanda, Hyogo, 
Japan. 

Lithostratigraphy 

The Toyoma Formation consists mostly of mudstone 
(Figure 2), and yields Late Permian ammonoids (Ehiro and 

MTL: Median Tectonic Line Figure 1. Index geotectonic map of the Japanese pre-Cretaceous 
showing the South Kitakami Belt (black) and the Kesennuma area. 
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Figure 2. Schematic profile of the Permian of the South Kitakami Belt. Permian fusulinacean biostratigraphic subdivision is simplified 
based on Kanmera and Mikami (1965) and Choi (1970), and Permian ammonoids based on Ehiro (1987). Lower Permian Sakamotozawa Formation 
rests unconformably on the Upper Carboniferous Nagaiwa Formation. 
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Loc.B 

111. 6 

Bando, 1985; Ehiro, 1987), brachiopods (Tazawa, 1975, 
1987), and others. In the Kesennuma area, the Toyoma 
Formation is divisible into lower and upper parts, and is 
partly intruded by dike rocks (Tazawa, 1976). The lower 
part consists of mudstone more than 600 m thick. The 
upper part is composed of a more than 500 m thickness of 
sandstone and mudstone interbedded with small amounts of 
thin conglomerate and limestone (Tazawa, 1975, 1976). 
Limestones and limestone conglomerates are lenticular, 
well-bedded, and have thin interbeds of sandstone and 

Figure 3. Index geologic map showing locations of stratigraphic 
columns in Locs. A to E (shown in Figure 4) in the Kesennuma area, 
simplified based on Tazawa (1976). 

Loc.C 

14 
: 13 
• 12 
• 11 
• 10 

Loc.D 

Loc.E 

21 
20 

........ ;::. I ~~ 
17 

~ limestone 
g] limestone conglomerate 
1m sandstone 
§§ mudstone 

Figure 4. Columnar sections of the upper part of the Toyoma Formation in Locs. A to E. Dots with number shows stratigraphic level of 
samples. Stratigraphically, sample 22 is about 40 m higher than sample 21, and sample 23 is about 65 m lower than sample 17. 
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Figure 5. Photomicrographs of sandstone and arenaceous limestone. 1, 2. Sandstone containing many lithic clasts and bioclasts. Colaniella 
parva (C) is found at the lower left comer in 1. 1. Loc. D- 16, xlO.8. 2. Loc. E-23, x6.6. 3. Arenaceous limestone containing many fossil frag­
ments, and many detrital quartz and calcite grains within calcareous argillaceous matrix, Loc. E- 19, x6.6. 

mudstone. They are less traceable laterally, and sporadi­
cally distributed in five localities (Locs. A to E) north of 
Kesennuma (Figures 3, 4). 

At Loc. A, a lenticular block surrounded by sandstone is 
exposed. It is 5.7 m thick, and consists of limestone con­
glomerate, lower limestone, sandstone, and upper lime­
stone. The limestone conglomerate is 1.2 m thick, 
fossiliferous, and contains many subrounded pebbles to 
cobbles of limestone. This limestone conglomerate is 
overlain by the lower limestone, which has more than ten 
interbeds of mudstone and sandstone less than 5 mm thick. 
The lower limestone is 1.3 m thick, laminated, thinly­
bedded, and contains well-sorted abundant fossils. Many 
fragments of brachiopods and crinoids are arranged parallel 
to the bedding plane of the lower limestone. The overly­
ing coarse-to medium-grained sandstone is 2 m thick, 
highly calcareous, and partly porous due to the solution of 
calcareous materials and limestone clasts. Graded bedding 
is well developed in its basal part. The upper limestone 
overlying the sandstone is 1.2 m thick, well-bedded, and 
highly fossiliferous. It is lithologically similar to that of 
the lower limestone. The upper part of the upper lime­
stone contains a few interbeds of mudstone 0.5 to 1 cm 
thick. The upper limestone is in contact with medium-to 
coarse-grained calcareous sandstone with many granules of 
limestone. 

At Loc. B, limestones are developed in two horizons 
(Figure 4). The stratigraphic relationship between them is 
unknown. The lower limestone rests on the mudstone 

without limestone conglomerate as found at Loc. A. The 
upper limestone is overlain by medium-to coarse-grained 
calcareous sandstone. Lower and upper limestones at Loc. 
B appear to be stratigraphically about 50 m higher than 
those at Loc. A. They are well-bedded, and contain abun­
dant fossils and many thin interbeds of sandstone and 
mudstone like at Loc. A. These limestones at Locs. A and 
B have very similar lithologic characters and thicknesses. 

Around Locs. C, D, and, E, limestone and limestone con­
glomerate are more widely distributed than at Locs. A and 
B. They have in common thicknesses less than 3 m, are 
well-bedded, and have thin interbeds of calcareous sand­
stone and mudstone. Limestone conglomerate contains 
abundant fossil fragments, and ill-sorted granules to boul­
ders of limestone, sandstone, and mudstone, all of which 
are packed within calcareous mudstone and sandstone. 
Many limestone granules and pebbles and fossil fragments 
are also found in sandstone (Figure 5.2). Bioclasts of 
foraminifers are contained in some of the sandstones 
(Figure 5.1). 

The stratigraphic relationship of limestone and limestone 
conglomerate between Locs. A and Band Locs. C, D, and 
E is not confirmed exactly because of the sporadic occur­
rences of the limestone and a thick cover of soil and vege­
tation in this area. Besides these limestone conglomerates, 
a thin conglomerate with pebbles of granitic and 
porphyritic rocks without limestones is also found around 
Locs. C, D, and E. 
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Figure 6. Photomicrographs of limestone and limestone conglomerate. !' Rudstone. Loc. A- I. x4. 2. Skeletal packstone/rudstone. Loc. 
A-3. x4. 3. Skeletal grainstone. Loc. E- 18. x4. 4. Skeletal packstone. Loc. 8 - 8. x4.S. 5. Stromatolite contained in limestone conglomerate. Loc. 
E- 18. xS.I. 6, 7. Limestone conglomerate consisting of skeletal grains surrounded by highly calcareous argillacous and arenaceous matrix. 6. Loc. 
E- 21. 7. Loc. E-17. both xS.I . 8. Cobble of limestone (skeletal packstone) in contact with alternating beds of calcareous sandstone and mudstone 
showing lamination and graded bedding. Loc. E-17. xS.1. Skeletal grains contained show: bryozoans (br). crinoids (c). brachiopods (b). sponges 
(s). hydrozoa ? (h). green alga (g). and foraminifer (f). 
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Lithologic characters and allochthonous origin 
of limestone 

Limestones of the upper part of the Toyoma Formation 
are characterized by containing many detrital qartz grains 
and numerous and varied fossils, which in addition are 
small in size, intercalation of sandstone and mudstone, and 
well-developed stratification. Many fossils and detrital 
quartz grains are also contained in limestone granules to 
boulders of limestone conglomerates. 

Limestones are composed of dominant skeletal 
packstone (Figure 6.2, 6.4). Rudstone (Figure 6.1) and 
skeletal grainstone (Figure 6.3) are also found. Some of 
these limestones contain discontinuous intercalations of 
sandstone and mudstone, and partly show a conglomeratic 
appearance. The limestone cobbles and pebbles in the 
conglomeratic part of the limestone at Loc. E are in contact 
with alternating beds of sandstone and mudstone with an 
undulated sharp boundary (Figure 6.8). Commonly found 
arenaceous limestone consists of fossils and lithic frag­
ments packed with impure lime-mud (Figure 5.3). It is 
somewhat similar to calcareous sandstone containing many 
fossil fragments (Figure 5.1, 5.2). Fossils contained in 
these limestones are predominantly crinoids and bryozoans, 
with subordinate to accessary brachiopods, green algae, 
cyanobacteria, sponges (?), hydrozoans (?), foraminifers, 
and others. 

Limestone conglomerate is composed of granules to 
boulders of fossiliferous limestone surrounded by highly 
calcareous mudstone and sandstone. Grain size, outline, 
and proportion of lithic fragments and skeletal grains 
against the surrounding mudstone and sandstone are vari­
able in places (Figure 6.6, 6.7). Limestone granules to 
boulders also contain many detrital quartz grains, and are 
lithologically more diverse than the bedded limestone men­
tioned above. They consist of rudstone, skeletal 
packstone, skeletal grainstone, lime-wackestone, and lime­
mudstone. The boundary between the limestone pebbles 
and surrounding calcareous mudstone is imprecise in some 
of the limestone conglomerate. Cyanobacteria, green 
algae, sponges, and hydrozoans (?) are commonly found in 
limestone conglomerates along with abundant crinoids and 
bryozoans. Stromatolites are sometimes included (Figure 
6.5). 

Occurrences and lithologies of lenticular limestone and 
conglomeratic limestone closely resemble those in the 
Upper Permian of the Kurosegawa Belt (Kobayashi, 200 1 b; 
unpublished data by the author) and the Maizuru Belt (un­
published data by the author). They are easily distinguish­
able from contemporaneous seamount limestones by having 
many detrital quartz grains and thin interbeds of sandstone 
and mudstone. Within the Japanese Upper Permian, lime­
stone and limestone conglomerate of the upper part of the 

Toyoma Formation are most similar to those of the Kuma 
Formation in the Kurosegawa Belt of west Kyushu. Fossil 
fragments contained in sandstones (Figure 5.1, 5.2), gran­
ules to boulders of limestones, and lenticular limestones are 
nearly the same age in the former. On the other hand, 
those of Yakhtashian to Bolorian, Midian, and Lopingian 
ages are confirmed in the latter (Kobayashi, 2001b). 
Although pre-Late Permian pebbles have not been found 
and the ages of the sandstone and mudstone are not exactly 
known, the lithology and occurrence of limestones and 
limestone conglomerates in the upper part of the Toyoma 
Formation suggest that they are allochthonous to the sur­
rounding sandstone and mudstone, as well as the Kuma 
Formation. Kobayashi (2001b) concluded that limestones 
of the Kuma Formation had been redeposited in the setting 
of an active continental margin of the Kurosegawa Old 
Land in Late Permian time. 

Abundant detrital quartz grains and fossils strongly evi­
dence original limestone deposition on the shallow conti­
nental shelf in the upper part of the Toyoma Formation 
along with the Kuma Formation. The pre-Cretaceous for­
mations in the South Kitakami and Kurosegawa belts are 
closely related stratigraphically and lithologically to each 
other, and the two belts are thought to have been isolated 
paleogeographically from the ancient Asian continent by 
the early Cretaceous amalgamation (Saito and Hashimoto, 
1982; Kobayashi, 1999). Accordingly, all limestones of 
the upper part of the Toyoma Formation are considered to 
have been originally deposited on the shallow shelf refer­
able to the South Kitakami-Kurosegawa Old Land as well 
as the Kuma Formation. Collapse and redeposition of 
limestone probably resulted from upheaval of the South 
Kitakami-Kurosegawa Old Land preceding the deposition 
of the Lower Triassic Inai Group resting unconformably on 
the Toyoma Formation. Remarkable differences in thick­
ness, occurrence, and development of limestones between 
the Toyoma Formation and the underlying Sakamotozawa 
and Kanokura formations (Figure 2) are thought to be due 
to the allochthonous origin of these limestones in addition 
to the narrowing of the sedimentary basin of the Toyoma 
Formation. 

Foraminiferal fauna 

Thirty-two species of foraminifers are distinguished in 
limestone, limestone conglomerate, and calcareous sand­
stone in the upper part of the Toyoma Formation in the 
Kesennuma area (Figures 7-9). Among them, Colaniella 
parva is the most representative in the Kesennuma fauna, 
and recognizable in almost all samples containing 
foraminifers. It is one of the most widespread species in 
the Upper Permian (Lopingian) of the Tethyan regions, 
ranging from the Mediterranean Sea regions to Japan and 



Changhsingian foraminifers of Toyoma Formation 337 

Loc. A Loc. B Loc. C Loc. D Loc. E 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Ammodiscus sp. x 
G/omospira ? sp. x ? 
Eo/asiodiscus spp. x x x 
Lunucammina cf. pa/mata (Wang) x x x 
Co/aniella parva (Colani) x x x x ? x x x ? x x x x ? x x x x x x x x x 
Palaeotextulariidae gen. and sp. indet. x x 
Dal!marita ? SP. x 
Tetrataxis sp. x 
Abadehella sp. x x x x x 
Reiche/ina changhsinl!ensis Sheng and Chang x x x x x x x 
Nan/inl!ella cf. meridiona/is Rui and Sheng x x x x ? x 
Pa/aeofusu/ina sp. x x 
Nankinella sp. x 
Pseudo vida/ina SPP. x x 
Raphconi/ia ? SP. x 
Calcivertella ? sp. x 
Al!athammina cf. pusilla (Geinitz) x x x 
Agathammina sp. x ? x 
Agathammina ? sp. A x x 
Al!athammina ? SP. B x x 
Hemigordius sp. A x ? 
Hemil!ordius SP. B x 
Neodiscus sp. x 
Nikitinella sp. A x x x 
Nikitinella ? SP. x x X x x 
Kamurana ? sp. A x x x x x ? x x x 
Kamurana ? sp. B x x x x 
Cryptoseptida sp. x ? x 
Geinitzina SPP. x x 
Nodosinelloides SP. x x 
Pachyph/oia sp. x x 
Vervilleina sp. x x x x 

Figure 7. Foraminifers distinguished in Locs. A to E. 

South Primorye (Jenny-Deshusses and Baud, 1989; 
Kobayashi, 1999). In Japan, Colaniella parva and allied 
species occur in the Changhsingian limestones of the 
Maizuru Group (Ishii et al., 1975) and the Iwai-Kanyo area, 
southeastern part of the Kanto Mountains (Kobayashi, 
1997), exclusive of the upper Toyoma Formation of the 
Kesennuma area, South Kitakami Belt. However, they 
have neither been reported from seamount limestones of 
Japan nor from any limestones of the Circum-Pacific re­
gions. 

Nanlingella cf. meridionalis is possibly identical with 
the original specimens of N. meridionalis described from 
the lower part of the Changhsingian of Guangdong and 
Hunan (Rui and Sheng, 1981). Nanlingella simplex and 
Nanlingella spp. are known from the Wuchiapingian lime­
stone of Shaanxi (Rui et ai., 1984). According to Rui and 
Sheng (1981), Nanlingella probably appeared in the upper 
part of the Codonofusiella Zone (Wuchiapingian) and 
flourished in the lower and middle part of the Palaeo­
fusulina Zone (Changhsingian). In Japan, Nanlingella cf. 
meridionalis in association with Codonofusiella kwang-

siana, C. kueichowensis, and others is known from the 
Wuchiapingian limestones of the Southern Chichibu Belt 
(Ota et al., 2000; Kobayashi, 2001a). An incomplete 
specimen referred to as Lantschichites sp. by Tazawa 
(1975) from the upper Toyoma Formation of the 
Kesennuma area is probably referable to Nanlingella. 
Other schubertellids are very rare in the Kesennuma fauna. 
Palaeofusulina occurs exclusively in the Changhsingian, 
and is the most reliable foraminiferal genus for age deter­
mination of the uppermost Permian throughout the Tethyan 
regions (Rui and Sheng, 1981; Kobayashi, 1999). 

Although a detailed age assignment is impossible, 
Reichelina changhsingensis and some genera such as 
Abadehella and Dagmarita found in the Kesennuma fauna 
are also common in the Upper Permian. Two forms possi­
bly assignable to Kamurana and unidentified species refer­
able to Nikitinella and Pseudovidalina are characteristic in 
some limestone samples. These milioliporid, baisalinid, 
and involutinid foraminifers have not been reported from 
Japanese Permian limestones. Although they were not re­
ported in Kobayashi (1997), they have been distinguished 
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in the Iwai-Kanyo fauna according to my reexamination of 
the fauna. They also occur in the Upper Permian lime­
stones of the Maizuru Belt (unpublished data by the 
author). Staffellid fusulinaceans and Tetrataxis common 
in the Upper Permian are very rare, and endothyrids along 
with such genera as Paraglobivalvulina, Robuloides, and 
Globivalvulina, also common in the Changhsingian, are 
entirely lacking in the Kesennuma fauna. 

A Changhsingian age for the present fauna is strongly 
suggested by the occurcences of Colaniella parva, 
Nanlingella cf. meridionalis, and Palaeofusulina sp. 
Paleobiogeographically, the Kesennuma fauna evidently 
belongs to the Tethyan province, and is allied to the Late 
Permian faunas known from the Kurosegawa and Maizuru 
Belts of Japan, South China, and Southeast Asia 
(Kobayashi, 1999). On the other hand, a Boreal-Tethyan 
mixed faunal component within South Kitakami, Maizuru, 
and Kurosegawa is suggested on the basis of geographical 
distribution of Permian brachiopods, especially of Middle 
Permian ones (Tazawa, 1987, 1998, 2(00). 

Description of species 

Family Colaniellidae Fursenko in Rauser-Chernousova 
and Fursenko, 1959 

Genus Colaniella Likharev, 1939 

Colaniella parva (Colani, 1924) 

Figure 8.24-8.41 

Pyramis parva Colani, 1924, p. 181, pI. 29, figs. 2, 4-14, 15a-15f, 
16, 17, 19,21,24; Reichel, 1946, p. 544-547, Figs. 32-34, 
pI. 19, figs. 13, 14. 

Colaniella parva (Colani). Tazawa, 1975, p. 632, 633, pI. 1, figs. 
5-11; Kobayashi, 1997, pI. 2, figs. 1-27. 

Paracolaniella leei Wang. Tazawa, 1975, p. 633, pI. 1, figs. 1-4. 

Material.-More than 30 axial, slightly oblique axial, 
and transverse sections have been examined, of which 18 
are illustrated. 

Description.-Subfusiform test deviating to the terminal 

part, about 0.8 mm in maximum width and more than 2 mm 
in maximum length. Initial chamber about 0.03 mm, fol­
lowed by more than 20 chambers, dish-shaped in outline, 
strongly overlapping, gradually increasing in heig~t and 
width. Chambers divided into chamberlets by 15 or more 
primary platy partitions extending along test axis. Each 
chamberlet subdivided by two or three secondary platy par­
titions. Secondary ones well developed even in early 
ontogenetic stage. Tertiary ones present partly at test mar­
gins. Wall finely perforate with fibrous structure. 

Discussion.-Many specimens based on definitely ori­
ented thin sections show variable appearances in 
biocharacters such as size and outline of test, apical angle, 
degree of tapering of test and overlapping of chambers, 
mode of incision of three kinds of platy partitions, and their 
ontogenetic development. The present materials are iden­
tical with the original specimens from Vietnam (Colani, 
1924) based on variously oriented thin sections. They are 
also closely similar to the Iwai-Kanyo (Kobayashi, 1997) 
and other specimens. Collaniellids named Colaniella 
parva (Colani) and Paracolaniella leei Wang by Tazawa 
(1975) from the Kesennuma area are thought to be 
conspecific. 

Occurrence.-Common to rare in Locs. A to E. 

Family Schubertellidae Skinner, 1931 
Genus Nanlingella Rui and Sheng, 1981 

Nanlingella cf. meridionalis Rui and Sheng, 1981 

Figure 8.17-8.21 

Lantschichites sp., Tazawa, 1975, pI. 1, fig. 12. 
Nanlingella cf. meridionalis Rui and Sheng. Ota et aI., 2000, fig. 

6.2-4; Kobayashi, 2001a, fig. 3. 14-18. 

Material. - Tangential, sagittal, and three oblique sec­
tions illustrated herein, and others. 

Discussion.-Although axial sections have not been ob­
tained, the present materials are probably assignable to 
Nanglingella, and are compared with type species of this 
genus from South China. One sagittal section shown in 

.. Figure 8. 1. Nankinella sp., 02-022307a, Loc. A-2, x45. 2-14. Reichelina clwnghsingensis Sheng and Chang. 2. 02-022286a, Loc. A-2. 
3.02-022320, Loc. A-3. 4.02-022364, Loc. B-7. 5. 02-022361a, Loc. B-7. 6. 02-022361a, Loc. B-7. 7. 022359a, Loc. B-7. 8.02-
022242a, Loc. C-12. 9. D2-022361b, Loc. B-7. 10.02-022189, Loc.E-19. 11.02-022324, Loc. A-3. 12.02-022362, Loc. B-7. 13.02-
022359b, Loc. B-7. 14.02-022349, Loc. B-8. All x60. 15,16. Lunucammina cf. palmala (Wang). 15.02-022198. 16. 02-022194a. Both 
Loc. E-20, x60. 17-21. Nanlingella cf. meridionalis Rui and Sheng. 17.02-022296, Loc. A-2. 18. 02-022197a, Loc. E-20. 19.02-022292, 
Loc. A-2. 20. 02-022286b, Loc. A-2. 21. 02-022205a, Loc. E-20. All x30. 22, 23. Palaeofusulina sp. 22. 02-022322a, Loc. A. 23. 02-
022207a, Loc. E-20. Both x30. 24-41. Colaniella parva (Co1ani). 24. 02-022197b, Loc. E-20. 25. 02-022201 a, Loc. E-20. 26.02-022195A, 
Loc. E-20. 27. 02-022203a, Loc. E-20. 28. 02-022205b, Loc. E-20. 29.02-022197, Loc. E-20. 30.02-022389, Loc. B-6. 31. 02-022309, 
Loc. A-2. 32.02-022390, Loc. B-6. 33. 02-022307b, Loc. A-2. 34. 02-022195b, Loc. E-20. 35.02-022206, Loc. E-20. 36. D2-022211a, 
Loc. E-20. 37.02-022280, Loc. A-2. 38. 02-022205c, Loc. E-20. 39. 02-022208a, Loc. E-20. 40.02-022196, Loc. E-20. 41. 02-
022200a, Loc. E-20. 24-32. x30, 33-41. x45. 42. Eolasiodiscus sp. 02-022372b, Loc. B-7, x60. 
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Figure 8.20 may be distinct from this species. An illus­
trated incomplete specimen, named Lantschichites sp. by 
Tazawa (1975) from the Kesennuma area possibly agrees 
with the present forms. Nanlingella cf. meridionalis of 
Ota et al. (2000) and Kobayashi (2001a) resembles the 
present materials in size of shelI, septal fluting, and expan­
sion of shell. 

Occurrence.-Rare in Locs. A, B, C, and E, associated 
with Palaeofusulina sp. in Locs. A and E. 

Genus Palaeofusulina Deprat, 1912 

Palaeofusulina sp. 

Figure 8.22, 8.23 

Material. - Tangential section and oblique section here 
illustrated, and others. 

Discussion. - An oblique section illustrated in Figure 
8.23 is thought to be more reasonably assignable to Palaeo­
fusulina than to Nanlingella or other schubertelIid genera 
based on lack of inner endothyroid volutions and prolo­
cui us size. A tangential section shown in Figure 8.22 is 
ascribed to the genus with reservation. Specific identifi­
cation and further discussion are postponed until better ori­
ented specimens are recovered. It is difficult to conclude 
that one incomplete specimen illustrated by Ota et al. 
(2000, fig. 6 - 5) is undoubtedly assignable to Palaeo­
fusulina. 

Occurrence.-Very rare in Locs. A and E. 
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Abstract. A new coelacanth fish of the genus Mawsonia, M. brasiliensis sp. nov. is described on the basis of 
a specimen from the Early Cretaceous Romualdo Member of the Santana Formation in the Araripe Plateau, 
Brazil. This is the third species of coelacanth from the Cretaceous of Brazil and the holotype is the first com­
plete, articulated specimen of the genus. This new species differs from its congeners in the proportion of the 
cranium, gular plates and angular, and the position of the otic canal fossa. M. brasiliensis has thin cycloid 
scales without ornament (no tubercles or ridges). This new addition to the genus Mawsonia is significant in 
increasing understanding of the diversity of the suborder Latimeroidei in the early Cretaceous, which lineage 
continues to the Recent coelacanths of the genus Latimeria. 

Key words: Araripe, Brazil, coelacanth, Early Cretaceous, Mawsonia, new species, Santana Formation 

Introduction 

The Araripe Plateau, northeastern Brazil, is well known 
for its excellently preserved Early Cretaceous shallow ma­
rine and freshwater fossil assemblages (Maisey, 1991; 
Martill, 1993; Evans and Yabumoto, 1998). Two coela­
canth species have been described from Cretaceous depos­
its in Brazil: Mawsonia gigas Woodward, 1907 from the 
Neocomian of Bahia, and Axelrodichthys araripensis 
Maisey, 1986 from the Romualdo Member of the Santana 
Formation. On the basis of an almost complete articulated 
specimen recovered from the Romualdo Member of the 
Santana Formation, Araripe Plateau, Brazil, a new species 
of the genus Mawsonia is proposed. An almost complete 
neurocranium and some other disarticulated head bones 
from the Romualdo Member that Maisey (1986) described 
as M. cf. gigas are referable to this new species. This new 
addition to the genus Mawsonia is significant in increasing 
understanding of the diversity of the suborder Latimeroidei 
in the early Cretaceous, which lineage continues to the 
Recent forms of coelacanths of the genus Latimeria. 
Figures were made using a camera lucida. Terminology of 
coelacanth bones follows Forey (1998) and of median fins 
follows Uyeno (1991). 

Systematic description 

Order Coelacanthiformes Huxley, 1861 
Suborder Latimeroidei Schultze, 1993 
Family Mawsoniidae Schultze, 1993 
Genus Mawsonia Woodward, 1907 

Mawsonia brasiliensis sp. nov. 

Figures 1-4 

Mawsonia cf. gigas Maisey, 1986, p. 3-13, figs. 1-11; Maisey, 
1991, p. 317-323. 

Material. - KMNH (Kitakyushu Museum of Natural 
History and Human History) VP 100,247, holotype, an al­
most complete, articulated specimen preserved in a calcare­
ous concretion. 

Type locality. - Exact locality not recorded, Araripe 
Plateau, Brazil. The type horizon is probably the 
Romualdo Member of the Santana Formation, which has 
yielded many fish fossils preserved in the same type of cal­
careous concretions as was the holotype. Although the age 
of this formation is considered to be Cretaceous, there are 
different opinions as to its exact age-Aptian (Santos and 
Valenca, 1968), Albian (Lima, 1979), Aptian-Albian 
(Schobbenhaus and Campos, 1986), older Neocomian 
(Maisey, 1986), Aptian-Albian (Maisey, 1991) and early 
Cenomanian (Martill, 1990). 
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Figure 1. Mawsonia brasiliensis sp . nov., holotype (KMNH VP 100,247, 1277 mm SL) from the Romualdo Member of the Santana Formation in the Araripe Plateau, Brazil. 
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Figure 2. Mawsonia brasiliensis sp. no v. , skull in dorsal view, holotype (KMNH VP 100,247, 1277 mm SL) from the Romualdo Member 
of the Santana Formation in the Araripe Plateau, Brazil. Abbreviations: Ext = extrascapular; Na = nasal; Pa = parietal; Pp = postparietal; roS.oss 

= rostal ossicles; So = supraorbital; Stt = supratemporal; Te = tecta I. 

Etymology. - The species is named for the country in 
which the specimen was found. 

Diagnosis.-Length of the parietonasal shield is about 
twice its width. Its size is about 1.5 times that of the 
postparietal shield. Width of the postparietal shield is 
about 1.2 times its length. The fossa for the otic canal 
(foc) is present on the lateral surface of the postparietal and 
close to the small anterior apophysis (apa) . The oval gular 
plate has no ridge running from the anterior to posterior 
ends. The ridges on the operculum are radial and weak. 
The angular is deep at its posterior, steep at the posterior 
dorsal edge, narrow at its anterior, and its anterior dorsal 
margin (where it articulates with the principal coronoid and 

prearticular) is deeply concave. The scales are thin and 
have fine bony ridges (circuli) on the exposed portion, but 
have no ornamental tubercles or ridges typical of coela­
canths. 

Description of holotype. - The body is slender; body 
depth at the origin of the first dorsal about 300 mm; total 
length 1435 mm; standard length 1277 mm; head length 
375 mm. Length of the parietonasal shield is 185.6 mm, 
the posterior end being broader, width of the right half 43 .1 
mm. Both parietals are narrow, the posterior one is wider, 
but the anterior one is just a bit longer. There is one ante­
rior nasal , possibly fused, which is almost the same width 
as the width of the posterior nasals. The paired posterior 
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Figure 4. Mawsonia brasiliensis sp. nov., skull in ventral view, holotype (KMNH VP 100,247) from the Romualdo Member of the Santana 
Formation in the Araripe Plateau, Brazil. Abbreviations: Ang = angular; De = dentary; Gu = gular plate; Lj = lachrymojugal; Op = operculum; Pop 
= preoperculum; Spl = splenial. 

.. Figure 3. Mawsonia brasiliensis sp. nov., skull in lateral view, holotype (KMNH VP 100,247) from the Romualdo Member of the Santana 
Formation in the Araripe Plateau, Brazil. Abbreviations: Ang = angular; Cl = cleithrum; CIa = clavicle; De = dentary; Ecl = extracleithrum; Gu = 
gular plate; Lj = lachrymojugal ; Op = operculum; Part = prearticular; p.Co = principal coronoid; Po = postorbital ; Pop = preoperculum; Pt = pterygoid; 
Scc = scapulocoracoid; Spl = splenial ; Sq = squamosal. 
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nasals are short, about 40% the length of the anterior parie­
tals, and about 2.5 times their own width. 

The paired posterior and anterior tectals are separated by 
a small space and are almost the same size, 22.5 mm in 
length and 16 mm in width. While the left tectals are well 
preserved, the right pair are slightly broken. The anterior 
tectal suture has posterior and anterior nasals and posterior 
rostral ossicles, while the posterior tectal suture has anterior 
parietals and posterior nasals. Each anterior tectal has a 
foramen which opens forward. 

There are three pairs of rostral ossicles, all attached to 
the anterior nostril. While the anterior ossicles are small, 
10.1 mm in length, 5.9 mm in width, the posterior and mid­
dle rostral ossicles are almost the same size: posterior pair 
17.8 mm in length, 12.5 mm in width; middle pair 18.2 mm 
in length, 14.5 mm in width. There is a relatively large fo­
ramen, 5.2 mm long, between the posterior and middle 
rostral ossicles. The middle rostral ossicles also possess a 
foramen. There is a groove between the middle and ante­
rior rostral ossicles. 

Four supraorbitals are present, all about the same width. 
While the outline of the left supraorbitals is not distinct be­
cause the surface is broken, the right ones are well pre­
served. The length of the most anterior supraorbital is 
longest, 67.0 mm, about 1.5 times that of the others. Each 
supraorbital possesses a small foramen. Most of the first 
supraorbital attaches to the anterior parietal, but the 
posterior end attaches to the posterior parietal. The other 
supraorbitals attach to the posterior parietal. 

The postparietal shield consists of a pair of postparietals, 
supratemporals and extrascapulars, the middle extra­
scapular being absent. Although most of the postparietals 
are broken, the suture between each bone can be recog­
nized, except for the portion between the postparietal and 
supratemporal. About half of the left side and half of the 
right surface of the postparietal shield are missing. Of this 
shield, the postparietal, with two short processes on the an­
terior ventral surface, is the largest bone with a length of 
76.7 mm. The width of the right extrascapular is 30.1 
mm. 

All cheekbones are well preserved. The postorbital, 
with a length of 119.2 mm and a height of 54.1 mm, has a 
long anterior process ventrally, extending 71.7 mm to the 
middle of the lachrymojugal. The depth at the base of the 
process is 21.1 mm. While the upper edge of the 
squamosal at 36.7 mm width is almost twice that of the 
lower edge, the depth is 53.8 mm. The preoperculum is 
deep, with a depth of 62.2 mm, about 1.5 times the width 
(44.5 mm). It is also narrow and round at the upper mar­
gin and along the lower margin of the squamosal. A sen­
sory canal forks into two at the center of the preoperculum. 
The lachrymojugal is 149.1 mm long. Its anterior end 
curves upward, and a sensory canal runs along the upper 

margin of this curved part. 
The mentomeckelian is short, 42.2 mm in length, thick 

(13.7 mm) at the anterior end, and thin (2.8 mm) at its pos­
terior. 

The dentary lies outside the mentomeckelian and the lat­
eral swelling is absent. It is long (left dentary 140.6 mm), 
almost half that of the mandible, curves medially at the an­
terior part, and the surface overlapping the angular is long. 
The upper limb of the dentary (81.7 mm in length) is short 
and contacts the prearticular, while the lower limb is long 
and occupies almost half of the mandible. There are two 
tooth plates on the dentary, but even though all the teeth are 
missing, many alveoli are visible, a few are 1 mm deep, and 
the rest of them minute. 

The angular is long (from the anterior end of the inside 
to the posterior end of the outside, 149.2 mm), its deepest 
part is slightly behind the middle of the mandible, and at 
this point, the suture has a principal coronoid, forming a 
dorso-anterior process. Anterior to this point, it abruptly 
narrows, while posteriorly it gradually narrows, its depth 
posteriorly being almost twice that at the anterior. 

The 72.2 mm long principal coronoid consists of anterior 
and posterior portions separated by a narrow section (24.3 
mm deep) at the middle where the suture has the angUlar. 
The anterior portion has an almost triangular shape, and its 
antero-ventral margin contacts the prearticular. The poste­
rior portion is rectangular with a depth of 16.9 mm and a 
length of 26.0 mm from the narrow section. The dorsal 
part of the posterior portion also forms a ridge that contin­
ues to the angular. 

The anterior portion of the prearticular joins with the 
dentary and angular on the distal surface of the jaw to form 
a large foramen, while its posterior portion contacts the an­
gular ventrally and the principal coronoid dorsally. Its 
deepest part, at 26.2 mm, is just behind the lateral midpoint. 

The articular is small, 16.8 mm in depth, 24.4 mm long, 
and separated from the retroarticular. It joins with the 
retroarticular ossification to form glenoid articulation with 
a quadrate. 

The right splenial is well preserved, its length about 5 
times the width, and has five sensory canal openings. It 
contacts the ventro-mesial face of the dentary, and its ante­
rior end curves mesially. While the width of the anterior 
end is 20.6 mm and the length 93.6 mm, the posterior por­
tion gradually broadens to '18.8 mm. 

The pterygoid, quadrate, and metapterygoid (including 
the anterior portion of the articular surface for the antotic 
surface) are exposed, but the pterygoid is covered for the 
most part by the lachrymojugal and lower jaw. Also, the 
border between the pterygoid and metapterygoid is covered 
by the postorbital and lachrymojugal. The quadrate has a 
slightly twisted upper portion, and articulates with the 
lower jaw by condyles the distal one of which is exposed. 
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There is a short dorso-anterior process on the upper end of 
the metapterygoid. 

The cleithrum, extracleithrum and clavicle are well pre­
served. While the cleithrum is long and reaches up to 
about the level of the upper edges of the operculum, its 
upper portion has a cylindrical shape while its lower por­
tion is broad and complicated in structure. Also a flange 
extends outward and backward at the antero-ventral portion 
of the cleithrum., Its triangular postero-ventral portion 
joins with the extracleithrum to form a postero-ventral sec­
tion of the shoulder girdle. The extracleithrum is a broad 
bony plate and slightly curves anteriorly. The clavicle 
contacts the ventral edge of the cleithrum and the anterior 
edge of the extracleithrum. It consists of anterior and pos­
terior flanges, the latter being narrow along the dorsal edge. 
The anocleithrum is not preserved in this specimen. 

The scapulocoracoid, shaped like a twisted bowtie, is 
preserved on the cleithrum slightly below the middle of the 
cleithrum, and is slightly apart from extracleithrum. 

The triangular operculum extends slightly antero­
ventrally, while its postero-ventral margin becomes slightly 
concave below the middle of the margin. Its anterior mar­
gin is thick, being thickest at the dorsal end. Most of the 
opercular surface is missing, but weak radiating ridges are 
visible. 

The first dorsal fin with 10 fin rays is well preserved. 
Its basal plate, 92.5 mm long and 40.8 mm deep, is kidney­
shaped with the anterior portion slightly extended, deepest 
at slightly behind the midpoint, while the posterior dorsal 
edge supports the dorsal fin rays. The depth of the anterior 
end of the plate is 16.7 mm. The first five fin rays articu­
late with the thick edge which fans out from the portion 
slightly behind the center of the plate. From this portion 
a weak ridge runs forward. 

The second dorsal fin rays are not preserved. Its basal 
plate has two anterior branches, the upper branch at 72.5 
mrn being longer and more slender than the lower (54.0 
mrn). The length of the preserved part is 112.9 mrn. 
Even with the very end missing, it can be seen that the pos­
terior portion of the basal plate is broad. 

Both pectoral fins are preserved. The right pectoral fin 
with thirty-two countable fin rays is preserved behind the 
head and covers the anterior part of the basal plate of the 
dorsal fin. Twenty-five rays can be counted on the portion 
of the left pectoral fin preserved below the right pelvic gir­
dle. 

Three bones of the pelvic girdle are preserved above the 
middle of the left pectoral, the most anterior one being the 
largest and T -shaped, and consisting of three processes. 
The posterior end of the bone is missing. Its anterior proc­
ess abruptly becomes narrow anteriorly, while the dorsal 
process is shorter than the ventral process, and slightly 
curves backward. Two small bones behind the large pel-

vic bone are considered to be axial mesomeres of the pelvic 
girdle. The anterior portions of the mesomeres are miss­
ing; however what remains of the ventral cylindrical one 
gradually thickens posteriorly. It is larger than the dorsal 
one. Twenty-two fin rays can be counted in the left pelvic 
fin. A part of the right pelvic fin is preserved on the ribs. 
The first anal fin is missing. 

The centra are unossified. Their anterior neural spines 
are short and pebble-like, but the posterior ones are longer. 
Neural spines that articulate with pterygiophores of the 
third dorsal fin are long and stout at the dorsal end. The 
base of the neural spines is divided and forms the neural 
arches. There are 20 neural spines for the third dorsal 
pterygiophores and 33 anterior to them. Twenty-three 
relatively long, slender ribs are found along the dorsal mar­
gin of the swim bladder. 

There are 23 third dorsal fin rays. Four haemal spines 
can be identified anterior to the first pterygiophore of the 
second anal fin. Fifteen haemal spines reach to the 21 
pterygiophores of the second anal fin. The number of sec­
ond anal fin rays is 25. 

Only part of the caudal fin is preserved. The posterior 
end is missing. Four rays of the upper lobe and 7 rays of 
the lower lobe are preserved. 

Scales are thin and well preserved, but no typical coela­
canth tubercle or ridge ornamentation is visible, except for 
fine bony ridges (circuli) on the exposed portion. 

Remarks.-Cloutier and Forey (1991) recognized the 
following five species in the genus Mawsonia: M. gigas 
Woodward, 1907, M. tegamensis Wenz, 1975, M. 
ubangiana Casier, 1961, M. lavocati Tabaste, 1963, and M. 
libyca Weiler, 1935. M. gigas was described from South 
America, the others from Africa. Maisey (1986) described 
the specimen AMNH 11758, acid-prepared bones: 
parietonasal and postparietal shields, right postorbital, 
squamosal, lachrymojugal, incomplete operculum, 
pterygoid, metapterygoid, quadrate, autopalatine, and 
coronoid from a single specimen as M. cf. gigas. The 
author compared the present specimen with specimen 
AMNH 11758 and now regards it as M. brasiliensis, be­
cause the proportions of these bones are the same. The 
specimen AMNH 11758 has the fossa for the otic canal of 
the postparietal on the lateral surface of the postparietal 
close to the anterior apophysis. 

On the basis of the following characters, this new species 
belongs to the genus Mawsonia: length of the parietonasal 
shield is about 1.5 times the length of the postparietal 
shield, postorbital (dermosphenotic in Maisey, 1986) has a 
splint-like anterior projection, posterior two-thirds of the 
elongated lachrymojugal is almost straight. 

This new species differs from M. tegamensis from the 
Aptian of Niger in having the length of the parietonasal 
shield twice (versus 1.7 times) its width and 1.5 times (ver-
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sus 1.4 times) the length of the postparietal shield; width of 
the postparietal shield 1.2 times (versus 1.6 times) its 
length; long, oval gular plates versus gular plates with a 
wide, rather than slender, anterior portion; radial ornamen­
tation on the anterior portion of the operculum versus a 
mesh-like pattern. 

This new species differs from M. ubangiana from the 
Neocomian of Zaire in having the fossa for the otic canal of 
the postparietal (parietal in Maisey, 1986) on the lateral 
surface of the postparietal close to the anterior apophysis. 
In M. ubangiana, the fossa is present on the ventral surface 
of the postparietal distant from the anterior apophysis of the 
postparietal. 

In M. lavocati from the Albian of Morocco, the anterior 
end of the angular is higher than that of the new species, 
and the angle between the postero-dorsal edge and the ven­
tral edge of the angular is larger. Also, the ornamentation 
in M. lavocati is more pronounced. 

This new species differs from M. /ibyca from the Albian 
of Egypt in having the dorsal edge of the angular deeply 
concave at the midpoint versus slightly concave. 

Although this new species is close to M. gigas from the 
Neocomian of Bahia, Brazil in appearance, it differs in hav­
ing the small anterior apophysis of the postparietal and the 
fossa for the otic canal close to the anterior apophysis ver­
sus a large anterior apophysis of the postparietal and the 
fossa for the otic canal distant from the anterior apophysis 
of the postparietal; the antero-lateral surface of the 
postparietal forming a steep (versus gentle) slope; the angu­
lar being deeper; and no ridge running from the anterior to 
posterior ends on the gular plates. 

This new addition to the genus Mawsonia is significant 
in increasing understanding of the diversity of the suborder 
Latimeroidei in the early Cretaceous, which lineage contin­
ues to the Recent coelacanths of the genus Latimeria. 
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Abstract. A new genus and species of the trigonoceratid nautilid, Echigoceras sasakii, is described. 
Specimens of this cephalopod occur in the Middle Carboniferous (probable late Bashkirian) bioclastic 
rudstone/grainstone of the Omi Limestone Group, Central Japan. Echigoceras is most closely related to the 
Early Carboniferous genus Stroboceras, but differs in its strongly curved cyrtoconic shell and siphuncular po­
sition near the ventral margin. It is possible that Echigoceras is the descendant of Stroboceras. 

Key words: Echigoceras gen. nov., Middle Carboniferous, Nautiloidea, Omi Limestone Group, Trigonocera­
tidae 

Introduction 

Following Niko (2001), the present report on a new 
trigonoceratid nautilid genus and species is the second in­
stallment in a series describing the Carboniferous cephalo­
pod fauna of the ami Limestone Group in Niigata 
Prefecture, Central Japan. All of the material documented 
herein is from the light gray, massive limestone belonging 
to bioclastic rudstone/grainstone of Middle Carboniferous 
(probable late Bashkirian) age at the southern corner of 
Higashiyama Quarry, the identical locality to that for the 
previously described orthoconic forms (Niko, 2001). The 
material is deposited in the University Museum of the 
University of Tokyo (UMUT). 

Systematic paleontology 

Order Nautilida Agassiz, 1847 
Superfamily Trigonoceratoidea Hyatt, 1884 

Family Trigonoceratidae Hyatt, 1884 
Genus Echigoceras gen. nov. 

Type species.-Echigoceras sasakii sp. nov., by mono­
typy. 

Diagnosis.-Trigonoceratid with strongly curved cyrto­
conic shell whose surface is indented by longitudinal ridges 
and grooves; gross profiles of whorl are mostly sub­
trapezoidal, with inflated dorsal side; lobed peristome pre­
served as distinct growth lines characterized by V-shaped 
ventral sinus; siphuncular position near ventral margin; 

septal necks orthochoanitic, with very narrow septal foram­
ina. 

Etymology.-The generic name is derived from Echigo, 
which is a historic provincial name for the type locality. 

Echigoceras sasakii sp. nov. 

Figures 1-4 

Stroboceras sp., Oyagi, 2000, p. 108. 

Diagnosis.-Same as for the genus. 
Description. - Strongly curved, horseshoe-like cyrto­

cones consisting of less than one full circle, comprising ap­
proximately 0.91 of a full circle; shell size moderate for the 
family, maximum whorl diameter of holotype 45.0 mm; 
gross profiles of whorl are mostly subtrapezoidal with 
broadly inflated dorsal side and widthlheight ratio (form 
ratio) of approximately 0.94, then changing to laterally 
compressed suboval cross section near aperture, where 
whorl dimensions of 11.7 mm in width and 15.0+ mm in 
height give a form ratio of 0.78-; body chamber repre­
sented adorally by approximately one-third of whorl. 
Shell surface is indented by strongly prominent bilaterally 
symmetrical longitudinal ridges, as follows: 1 ventral (vr), 
2 ventrolateral (v-lrl, v-lr2), 2 lateral (lrl, lr2), and 1 
dorsolateral (d-Ir); except for dorsal side of the shell, 
interspaces between longitudinal ridges are depressed and 
form longitudinal grooves; among these, there is a groove 
sandwiched between the ventrolateral and laterallongitudi­
nal ridges (= between v-lr2 and lrl) that is deeply concave. 
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Figure 1. Echigoceras sasakii gen. et sp. nov. 1, 2. Holotype, UMUT PM 27920; 1, lateral view, aperture on left, apical shell embedded 
in matrix , and apertural shell partly removed, x2; 2, details of surface ornamentation, x4. 3- 7,11 , 12. Paratype, UMUT PM 27919; 3, lateral view, 
aperture on right, x2; 4, enlargement of ventral margin of Figure 1.12, showing siphuncular position (arrow), x6; 5, details of surface ornamentation, 
x4; 6, ventral view showing details of surface ornamentation, aperture on right, x4; 7, dorsal view showing details of surface ornamentation, aperture 
on right, x4; 11, cross-sectional view of adoral end, venter up, x2; 12, cross-sectional view of apical end, venter up, x2. 8-10. Paratype, UMUT 
PM 27921; 8, lateral view, aperture on right, showing details of surface ornamentation and partial peristome, x4; 9, apertural view, venter up , dorsal 
shell partly lacking, x2; 10, ventral view, aperture on right, showing details of surface ornamentation, x4. 
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Figure 2. Echigoceras sasakii gen. et sp. nov. 1- 4. Holotype, UMUT PM 27920, longitudinal sections; 1, polished section, x2; 2, thin sec­
tion showing embryonic shell, not through siphuncle, x I 0; 3, thin section of apical shell , x5; 4, thin section with arrows indicate the septal foramina, 
x25. 

Peristome lobed, with deep, V-shaped ventral (hyponomic) 
sinus, broadly rounded ventrolateral saddle, moderately 
deep lateral (ocular) sinus and nearly transverse dorsal 
apertural rim; peristome preserved as distinct growth lines 
throughout shell; lateral and dorsolateral longitudinal ridges 
become subdued, and grooves between these ridges disap­
pear near aperture. Judging from longitudinal section, em­
bryonic shell probably is cone-shaped. Sutures not 
observable in all examined specimens, but serial longitudi­
nal sections do not indicate distinguished obliquity and 
sutural elements. Cameral length moderate for family; 
there are 3 to 4 camerae in corresponding whorl height. 

Septa moderately concave for family, and form 
retrochoanitic siphuncle near ventral margin; ratio of mini­
mum distance of central axis of septal foramen from whorl 
surface per corresponding whorl height (siphuncular posi­
tion ratio) is approximately 0.08; septal necks 
orthochoanitic and relatively short with 0 .71 mm in well­
preserved dorsal septal neck at whorl height of approxi­
mately 9.5 mm, where diameters of septal foramina are 
very narrow for family at approximately 0.32 mm; connect­
ing rings probably tube-like. Cameral and 
endosiphuncular deposits absent. 

Discussion.-An Early Carboniferous genus Stroboceras 
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vr vr 

vr 2 

I 
Figure 3. Echigoceras sasaldi gen. et sp. nov., diagrams from 

cross sections of whorls, venter up. 1, 2. Paratype, UMUT PM 27919; 
1, phragmocone, note siphuncular position; 2, body chamber. 3. 
Paratype, UMUT PM 27921, body chamber near aperture. 
Abbreviations: vr = ventral ridge; v-Irl, v-Jr2 = ventrolateral ridges; 
Irl, Ir2 = lateral ridges; d-Jr = dorsolateral ridge. Scale bar equals 5 
mm. 

(Hyatt, 1884; type species, Gyroceras harttU [sic] Dawson, 
1868) has the longitudinal ridges of, and a peristome out­
line similar to, Echigoceras sasakii gen. et sp. nov., and 
moreover all the outer whorls of Stroboceras are partly di­
vergent each from the preceding one. Therefore, from 
fragmentary shells such as the present two paratypes 
(UMUT PM 27919, 27921), a distinction between 
Echigoceras and Stroboceras would be difficult to make 
based only on external morphology. In this case, the 
siphuncular position is the most diagnostic feature separat­
ing these genera; i.e., the position of the siphuncle near the 
ventral margin of the new genus contrasts with the 
siphuncular position of Stroboceras, which is subcentral to 
nearly midway between the center and the ventral margin. 
All trigonoceratids have cyrtoconic stages in their early 
ontogeny. In particular, the early juvenile shell of 
Stroboceras hartii illustrated by Bell (1929) most closely 
resembles that of Echigoceras sasakii, and the cyrtoconic 

2 

Figure 4. Echigoceras sasakii gen. et sp. nov., diagrams of 
growth lines to show peristome shapes in relation to the positions of 
the longitudinal ridges. 1. Paratype, UMUT PM 27921. 2. Holo­
type, UMUT PM 27920. 3. Paratype, UMUT PM 27919. Positions 
of longitudinal ridges are indicated by symbols (see explanation of 
Figure 3). Scale bar equals 5 mm. 

parts of Catastroboceras (Turner, 1965; type species, 
Nautilus quadratus Fleming, 1828) and Pseudocatastrobo­
ceras (Turner, 1965; type species, Coelonautilus trapezoi­
dalis Jackson, 1919) also possess longitudinal ridges, but 
they are less than 20 mm in shell diameter. 

Among the known nautilids Echigoceras has the most 
similar shell morphology to Stroboceras as alluded to in the 
above comparisons. In addition, the range of Stroboceras, 
Visean to early Namurian of the Early Carboniferous (e.g., 
Gordon, 1964), was replaced by that of Echigoceras, for 
which a Middle Carboniferous (probable late Bashkirian) 
age is suggested. Echigoceras is the probable descendant 
of Stroboceras. 

A figured specimen from the Omi Limestone Group 
cited as Stroboceras sp. by Oyagi (2000) is probably 
conspecific with Echigoceras sasakii. In addition, it 
should seem that Stroboceras sp. listed by Nishida and 
Kyuma (1986) from the Bashkirian to Moscovian of the 
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Akiyoshi Limestone Group, Southwest Japan, needs re­
evaluation based on present knowledge. However, the 
specimens from these two localities are not presently avail­
able for re-examination. 

Etymology. - The specific name honors the late Dr. 
Madoka Sasaki, in recognition of his contributions to the 
taxonomic study of living cephalopods. 

Material examined.-The holotype, UMUT PM 27920, 
is a complete specimen. Unfortunately, attempts to sepa­
rate the embryonic shell and apertural rim of the holotype 
from the well-indurated matrix were not successful. The 
following two paratypes of the fragmentary shells are as­
signed to the species: UMUT PM 27919, incomplete 
phragmocone with apical body chamber, 35.3 mm in 
length, and UMUT PM 27921, adoral body chamber in­
cluding apertural rim, 15.9 mm in length. 
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Abstract. This paper gives a revised definition of the genus Carthaginites Previnquiere, 1907 on the basis of 
material from Hokkaido, Japan, that enhances previously available material. Two species from the middle 
Cenomanian rocks of Hokkaido are described: C. asiaticum (Matsumoto and Takahashi, 2000) and C. 
yamashitai sp. nov. Brief comments are also made on some species which were previously described from the 
upper Cenomanian rocks of North America and Europe. Morphologically and stratigraphically Cartha­
ginites is intimately related to Neostlingoceras Klinger and Kennedy, 1978, of early Cenomanian age. 

Key words: Carthaginites, Cenomanian, Cretaceous, Hokkaido, Neostlingoceras, Raynaudia 

Introduction 

A well preserved specimen of a turreted ammonite was 
collected by Minoru Yamashita and was provided to me for 
study in 1981, but it was left undescribed, because I failed 
to understand adequately its peculiar characters. Mean­
while my work on the turrilitid ammonoids proceeded step 
by step, mostly with coworkers, and in this connection I 
noticed that the species described as Neostlingoceras 
asiaticum Matsumoto and Takahashi, 2000 is peculiar in its 
very small size and much weaker ornamentation. I also 
noticed that its suture is so peculiar that my previous draw­
ing should be revised. Thus, the genus Carthaginites Per­
vinquiere, 1907 came to my mind. At the same time I be­
came aware that the specimen provided by Yamashita is an 
excellent example of Carthaginites. These two species 
came from the middle, instead of the lower, part of the 
Cenomanian. In this paper the results of my study are pre­
sented in the customary style of systematic description. 

Conventions. -The specimens from Hokkaido described 
in this paper are kept at the Kyushu University Museum 
under the heading GK. Other specimens mentioned are 
cited according to the usual form used for the given institu­
tions. 

Sutural elements are designated E, L, U, and I for the ex­
ternal, lateral, umbilical and internal lobes, following nor­
mal usage for the group. 

Systematic descriptions 

Order Ammonoidea Zittel, 1884 
Suborder Ancyloceratina Wiedmann, 1966 

Superfamily Turrilitoidea Gill, 1871 
Family Turrilitidae Gill, 1871 

Genus Carthaginites Pervinquiere, 1907 

Type species. - Turrilites (Carthaginites) kerimensis 
Pervinquiere, 1907 (p. 101, pI. 4, figs. 18, 19; text fig. 29) 
by original designation (Pervinquiere, 1907, p. 96). 

Diagnosis. -Small turreted shell, with low apical angle; 
surface in early growth stage nearly smooth, with a shallow 
median spiral depression; later row of faint nodes discerni­
ble above the median depression and another row of nu­
merous, tiny tubercles along the lower whorl seam. Suture 
abnormal in showing L and in part ElL and L/u saddles on 
the exposed whorl face, without full half of E. In other 
words, the siphuncle does not run along the upper edge of 
the whorl but deviates at some distance toward the umbili­
cal margin of the preceding whorl. 

Discussion. - Carthaginites was proposed by Pervin­
quiere (1907, p. 96) as a subgenus of Turrilites Lamarck, 
1801. It was raised to the rank of a full genus by 
Dubourdieu (1953, p. 44), who erected another species 
Carthaginites krorzaensis Dubourdieu (1953, p. 66, pI. 4, 
figs. 49-52, text-fig. 20) on the basis of a single isolated 
whorl, which is about 3 mm in height and 5 mm in diame­
ter. There is a very shallow spiral depression at midflank 
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and a row of narrow clavi along the lower whorl seam. 
Owing to the isolated condition of the whorl, the suture was 
fully illustrated from the umbilicus of the lower surface, via 
the whorl flank, to the upper surface, and the position of the 
siphuncle is shown much apart from the angle of the upper 
whorl seam to the vicinity of the umbilicus of the upper 
surface (see Dubourdieu, 1953, text-fig. 20). 

The features described above are the most important 
characters of the genus Carthaginites. It should be also 
noted that the suture is not necessarily simple but moder­
ately incised like that of immature Ostlingoceras (see fig. 
2 in Matsumoto and Takahashi, 2000). Generally the de­
gree of sutural incision depends on species, growth stage 
and mode of preservation or effect of weathering. In any 
event, in regard to the above points Wright and Kennedy 
(1996, p. 361) seem to have inadequately presented the ge­
neric diagnosis. However, I agree with them in their allot­
ment of their British specimen (BMNH C76469) (Wright 
and Kennedy, 1996, p. 361, pI. 98, fig. 11) to the genus 
Carthaginites. 

Dubourdieu (1953, p. 67) and also Wright and (Kennedy 
1996, p. 361) described the distinction between Cartha­
ginites and Raynaudia Dubourdieu, 1953 (type species 
Turrilites (Carthaginites) raynaudiensis Collignon (1932, 
p. 19, pI. 1, figs. 22-25; text-figs. 24-26). Dubourdieu 
(1953, fig. 13) presumed that Carthaginites evolved from 
Raynaudia, but no substantial evidence was given. Judging 
from the shell form and ornamentation, Carthaginites is re­
lated more closely to Neostlingoceras Klinger and 
Kennedy, 1978 (type species Turrilites carcitanensis 
Matheron, 1842). Generally the former is smaller and 
more faintly ornamented than the latter. The unusual posi­
tion of the siphuncle and the consequent abnormal disposi­
tion of the sutural elements are particular to Carthaginites. 

Distribution.-The type species (c. kerimensis) was re­
corded by Pervinquiere (1907, p. 101) from the "Vraconi­
an" of Tunisia, but it is regarded as a late Cenomanian spe­
cies by Wright and Kennedy (1996, p. 361). C. krorza­
ensis is from the upper Cenomanian rocks in the 
neighbourhood of Djebel Quenza, SE of Djebel Krorza in 
Algeria (Dubourdieu, 1953, p. 68). The British specimen 
(vide supra) is from the upper Cenomanian Calycoceras 
guerangeri Zone of Devon, southern England (Wright and 
Kennedy, 1996, p. 363). The two species from Hokkaido 
(northern Japan), described below, came from the middle 
Cenomanian Calycoceras (Newboldiceras) asiaticum Zone. 
Some of the species described under Neostlingoceras from 
the upper Cenomanian rocks of the North American 
Western Interior region are to be transferred to Carthagi­
nites (see discussion below). 

A B 

Figure 1. Carthaginites asiaticus (Matsumoto and Takahashi), 
Sutures on the whorl flank. A. GK H8536 (holotype), xlO. B. GK. 
H8537 (younger paratype), x12. 

Carthaginites asiaticus (Matsumoto and Takahashi, 2000) 

Figure 1 

Neostlingoceras asiaticum Matsumoto and Takahashi, 2000, p. 
266, figs. SA-C, D-F, G; 6. 

Material.-GK. H8536 (holotype), GK. H8537 and GK. 
8538, collected by T. Takahashi (for more details see 
Matsumoto and Takahashi, 2000, p. 266). 

Revised diagnosis. -Shell slender with a low apical 
angle; whorl at early growth stage rather smooth, with 
rounded upper shoulder, shallow spiral groove at midflank, 
and sharply demarcated lower edge. Later, a row of blunt 
nodes developed on the upper part, with shallow spiral 
groove below it, and numerous, minutely pointed clavate 
tubercles along the lower whorl seam. Sutural element L 
exposed at about the middle of the flank, whereas E and U 
are unexposed on the flank; siphuncle situated at some dis­
tance from the upper edge of the whorl flank, running 
below the unexposed roof of the whorl. 

Measurements. -See Matsumoto and Takahashi 2000, 
table 3. 

Remarks.-The suture of the newly prepared part of the 
holotype (OK. H8536) is shown in Figure lA; that of the 
paratype (GK H8537) in Figure IB. The latter was incor­
rectly drawn in Matsumoto and Takahashi (2000, fig. 6) on 
account of the incomplete cleaning of the shelly material in 
the zones along the upper and the lower seams of the whorl. 

Based on the above revision, Neostlingoceras asiaticum 
Matsumoto and Takahashi should now be called 
Carthaginites asiaticus (Matsumoto and Takahashi). 

Discussion.-As in the case of Hokkaido, some of the 
species described under Neostlingoceras from the upper 
Cenomanian rocks in the Western Interior of North 
America described by Cobban et al. (1989) should be 
reexamined. As I have had no opportunity to examine 
the original specimens, I merely give suggestions. N. 
procerum Cobban, Hook and Kennedy (1989, p. 60, figs 
62, 95 O-Q, S) from the upper Cenomanian Metoicoceras 
mosbyense Zone is probably an example of Carthaginites, 
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Figure 2. Carthaginites yamashitai sp. nov. Lateral views (A-E anticlockwise turned) and basal view (F) of GK. H8539 (holotype), x3. 
Photos courtesy of T. Nishida. 

Figure 3. Carthaginites yamashitai sp. nov. Stutures on the 
flank of three successive whorls of GK. H8539 (holotype), x8. 

because it has a small and feebly ornamented shell and 
abnormal configuration of the suture. N. bayardense 
Cobban, Hook and Kennedy (1989, p. 60, figs. 95R, 96R) 
from the same zone may be another species of Carthagi­
nites, although its suture was not illustrated. 

Occurrence. - The holotype and the two paratypes of 
this species came from Loc. Ik 1103 (for the location see 

Matsumoto and Takahashi, 2001, fig . 4), where the middle 
Cenomanian Zone of Calycoceras (Newboldiceras) 
asiaticum Zone is exposed. 

Carthaginites yamashitai sp. nov. 

Figures 2 and 3 

Material.-Holotype is OK. H8539 (Figure 2) collected 
by Minoru Yamashita from a cutting, SE of Poronai, 
Mikasa district and later donated to the Kyushu University 
Museum. This is well preserved, but no other specimens 
are available. 

Diagnosis. -Small flat-sided turricone, with estimated 
apical angle of 18°. Young whorls look almost smooth, 
but for faint spiral depression at midflank and numerous 
minute tubercles aligned immediately above the lower 
whorl seam. In later growth stages blunt major tubercles 
developed above the spiral depression and minor ones 
along the lower whorl seam. The latters are pointed at 
their top immediately above the lower whorl seam but 
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clavate at their base, forming a wavy spiral line. Thus, a 
kind of double feature is shown. Configuration of the 
sutural elements abnormal in showing the entire L and parts 
of the saddles ElL and LIV on the exposed whorl face; E 
almost entirely unexposed on the flank (Figure 3). 

Description. -This single available specimen consists of 
9 whorls, without the youngest part and the destroyed last 
portion of the body chamber. It is 27 mm in total height, 
and the diameter of the last whorl is 10 mm. Each whorl 
is trapezoidal in lateral view, with the larger dimension 
along the lower row of small tubercles. For instance, the 
ratio of height to lower diameter is 0.45 and of height to 
upper diameter 0.50. 

The shallow spiral depression is better discernible on the 
internal mould. It is at about the midflank in young whorls 
and gradually shifted downward with growth. I notice a 
questionable feature that several minutely pointed upper tu­
bercles are discernible in a part of the preserved first whorl 
(see Figure 2C, D). Whether this is a constant character or 
merely accidental cannot be decided without examining 
more specimens. 

In later growth stages major tubercles of the upper row 
may be somewhat bullate upward. The tubercles of the 
lower row are small but fairly distinctly pointed and 
slightly bullate upward. They are twice as numerous as 
the nodes of the upper row; for instance 30 against 15 in the 
whorl of the middle growth stage. They rest on a wavy 
spiral ridge which forms an edge between the flank and the 
lower face of the whorl. On the basal face of the pre­
served last whorl a radial rib runs from each wave of the 
ridge toward the umbilicus with gentle curvature (Figure 
2F). 

The suture on the flank of the successive three whorls is 
illustrated in Figure 3. 

Comparison. - This species is undoubtedly referred to 
Carthaginites on account of its small size, faint ornamenta­
tion with a shallow spiral groove at about the midflank and 
the deviation of the siphuncle from the upper edge of the 
whorl flank inward below the upper whorl face as shown 
by the particular configuration of the sutural elements. 

The estimated apical angle of C. yamashitai is larger 
than that in C. kerimensis and C. asiaticus. As to the de­
gree of minor sutural incisions, there is no significant dif­
ference between C. yamashitai and C. krorzaensis or C. 
asiaticus, if the gradual change with growth is taken into 
consideration. The gradual change of ornamentation with 
growth in this species is analogous to that of C. asiaticus. 
The two species are distinguished by the difference in the 
whorl shape and the style of ornamentation. 

Occurrence. -The holotype was collected from the mid­
dle Cenomanian Calycoceras (Newboldiceras) asiaticum 
Zone exposed at a cutting of a forestry road, about 3500 m 
S60° E from the Poronai colliery, Mikasa district. This 

fossil locality is marked in the official geological map 
"Iwamizawa" (Matsuno et aI., 1964). I went there later 
but failed to obtain additional material. The fossiliferous 
bed is referred to the Mikasa Formation which consists 
mainly of sandy sediments of shallow sea facies. 

Concluding remarks 

(1) The genus Carthaginites Pervinquiere, 1907 was pre­
viously represented by small and more or less incompletely 
preserved specimens of rare occurrence from Tunisia and 
Algeria. In addition to the original works of Pervinquiere 
(1907) and Dubourdieu (1953) the better preserved speci­
mens from Hokkaido are taken into cosideration, and thus 
the diagnosis of the genus Carthaginites is given clearly in 
this paper. 

(2) The species previously called Neostlingoceras asiati­
cum Matsumoto and Takahashi, 2000 is revised in this 
paper to Carthaginites aSlatlcus (Matsumoto and 
Takahashi, 20(0) and redescribed with necessary amend­
ment. Furthermore, Carthaginites yamashitai sp. nov. is 
established on a fine specimen collected by M. Yamashita. 
The above two species occurred in the middle Cenomanian 
Calycoceras (Newboldiceras) asiaticum Zone in the 
Mikasa district of central Hokkaido. 

(3) Morphologically and stratigraphically Carthaginites 
is intimately related to Neostlingoceras but differs in its 
smaller size, weaker ornamentation and especially by the 
deviated position of the siphuncle to the inner part of the 
whorl. 

(4) In view of the peculiar characters as mentioned 
above, Carthaginites is presumed to have had a peculiar 
mode of life, but this ecological problem is not treated in 
this paper and left for further investigation. 
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Abstract. We reevaluate the classifications of the anthracotheres (Mammalia; Artiodactyla) from the latest 
middle Eocene Pondaung Formation (central Myanmar), mentioning other anthracotheres from the Eocene 
of Asia. The three anthracotheriid genera previously known from the Pondaung' Formation, Anthra­
cothema, Anthracokeryx, and Anthracohyus, are synonymized into Anthracotherium. As many as 13 species 
had been recognized in the Pondaung anthracotheres, but they are summarized into four species 
(Anthracotherium pangan, Anthracotherium crassum, Anthracotherium birmanicum, and Anthracotherium 
tenuis), based on the difference of M, size (~ body size). Dental morphology in each species indicates high 
variation, and the four species are not separable based on their dental morphology. The dental morphology 
of the Pondaung Anthracotherium species is distinct from that of other species and is the most primitive. In 
addition, the Pondaung Anthracotherium species are the oldest of the genus. The genus Anthracotherium 
might have originated and rapidly radiated around the Pondaung area during the latest middle Eocene. 
Siamotherium pondaungensis described from the Pondaung Formation as an anthracotheriid is synonymized 
to Pakkokuhyus lahirii (Artiodactyla; Helohyidae). 

Key words: Anthracotheriidae, Anthracotherium, Eocene, Myanmar, Pondaung Formation, systematics 

Introduction 

The Anthracotheriidae is an extinct group of browsing 
suiform artiodactyls that achieved wide distribution across 
Eurasia, parts of Africa, and North America from the 
Eocene to Plio-Pleistocene periods (Black, 1978; Ducrocq, 
1997; Kron and Manning, 1998). Their body size ranges 
from small, terrier-sized animals to beasts approaching the 
size of a hippopotamus (Black, 1978). Typical early 
anthracotheres have complete dentition and bunodont or 
bunoselenodont molars, five cusped upper molars without 
hypocone and four cusped lower molars without paraconid 
(Ducrocq et aI., 1996). Their low-crowned teeth and fre­
quent occurrence in paleochannel deposits suggest habits 
and habitat similar to those of modem hippos (Kron and 
Manning, 1998). 

The fossil record of anthracotheres is abundant and di­
verse throughout the world. In East Asia, they appeared 
from the middle Eocene and survived until the Plio­
Pleistocene (Colbert, 1938; Ducrocq, 1997). In Europe, 
they appeared during the late Eocene and became extinct in 
the Miocene. In Africa, they evolved from the late Eocene 
to the Plio-Pleistocene (Black, 1978; Ducrocq, 1994a, 
1997). In North America, they are recorded from the late 
middle Eocene to the early Miocene, but the fossil record 
of North American anthracotheres is neither particularly 
abundant nor very diverse (Kron and Manning, 1998). 

In regard to the anthracotheres' phyletic relationships, 
traditionally, most researchers have considered that 
anthracotheres might have originated from a helohyid stock 
(Pilgrim, 1928, 1940, Coombs and Coombs, 1977; Ducrocq 
et aI., 1997) or from diacodexoid forms (Ducrocq, 1994b), 
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and that they might have been the ancestors of extant hip­
pos because some types of anthracotheres are considered to 
have had a hippopotamid mode of life and a body structure 
similar to hippos (Black, 1978; Colbert, 1935; Gentry and 
Hooker, 1988; Thewissen et ai., 2001). According to mo­
lecular data (e.g., Nikaido et ai., 1999), hippopotamids 
comprise a monophyletic clade with cetaceans, so that 
anthracotheres might have originated from a stock of the 
[Cetacea + Hippopotamidae] clade (Rose, 2001). On the 
other hand, a few researchers (Pickford, 1983; but see 
Ducrocq, 1994b for discussion) suggested that hippopot­
amids could have originated not from an anthracothere 
stock but from a peccary one (Ducrocq, 1997). 

In regard to regional origin, many researchers have con­
sidered that anthracotheres might have originated in East 
Asia during the Eocene (e.g., Pilgrim, 1928; Suteethorn 
et ai., 1988; Ducrocq, 1994a, 1999), because Eocene 
anthracotheres of East Asia are abundant and well diversi­
fied and because they show a primitive bunodont condition 
(Ducrocq, 1999). 

The anthracotheres from the Eocene Pondaung 
Formation (Myanmar) are the first mammalian taxa in this 
formation to have been described (Pilgrim and Cotter, 
1916). They are among the oldest anthracotheres in East 
Asia and consist of three genera and as many as 13 species 
(Pilgrim and Cotter, 1916; Pilgrim, 1928; Colbert, 1938). 
Therefore, many studies have viewed the Pondaung 
anthracotheres in relation to the origin and early radiation 
ofthis group (e.g., Pilgrim and Cotter, 1916; Pilgrim, 1928; 
Colbert, 1938; Coombs and Coombs, 1977; Ducrocq, 
1999). 

Despite the richness of the fossil collections, the classifi­
cation of the Pondaung anthracotheres has been problem­
atic (Pilgrim and Cotter, 1916; Pilgrim, 1928; Colbert, 
1938; Holroyd and Ciochon, 1991). The taxonomic confu­
sion on the Pondaung anthracotheres is likely to be due to 
their highly varied and primitive dental morphology. 

In this paper, we reevaluate the classification of the 
Pondaung anthracotheres based on previously described 
fossil materials (Pilgrim and Cotter, 1916; Pilgrim, 1928; 
Colbert, 1938) and new collections. We then also discuss 
classifications of some other Eocene anthracotheres of East 
Asia in relation to the revision of the classification of the 
Pondaung anthracotheres. 

Institutional abbreviations 

AMNH = American Museum of Natural History, New 
York, USA; CM = Carnegie Museum of Natural History, 
Pittsburgh, USA; BMNH = The Natural History Museum 
(formerly British Museum of Natural History), London, 
United Kingdom; DMR = Department of Mineral Re­
sources, Bangkok, Thailand; GSI = Geological Survey of 

India, Kolkata, India; IVPP = Institute of Vertebrate 
Paleontology and Paleoanthropology, Beijing, China; NSM 
= National Science Museum, Tokyo, Japan; UCMP = 
Museum of Paleontology, University of California, 
Berkeley, USA. 

Materials 

The new collections of Pondaung anthracotheres used 
here were discovered in 1997 by Myanmar researchers 
(Pondaung Fossil Expedition Team, 1997; Takai et ai., 
1999), and in 1998 (November) and 1999 (November) by 
Myanmar-Japan joint team (Takai et ai., 2000, 2001; Egi 
and Tsubamoto, 2000; Tsubamoto et ai., 2000a, b, 2001, 
2002; Shigehara et al., 2002; Gebo et ai., in press). These 
new fossil materials are stored in the National Museum of 
the Union of Myanmar (Yangon, Myanmar). They are se­
rially catalogued under NMMP-KU specimen numbers. 
NMMP stands for National Museum, Myanmar, 
Paleontology; and KU for Kyoto University (Japan). The 
dental measurements used here are listed in the Appendix. 

Geologic setting 

The Pondaung Formation is distributed in the western 
part of central Myanmar (Figure 1). The Pondaung 
Formation overlies and partially interfingers with the mid­
dle Eocene Tabyin Formation, and is conformably overlain 
by the late Eocene Yaw Formation (Stamp, 1922; Bender, 
1983; Aye Ko Aung, 1999). The Pondaung Formation 
consists of alternating mudstone, sandstone, and conglom­
erate, and is subdivided into the "Lower" and "Upper" 
Members (Aye Ko Aung, 1999). The "Lower Member" is 
dominated by greenish pebbly sandstone and mudstone and 
contains only a few fossil leaf fragments in its upper part 
(Aye Ko Aung, 1999). The "Upper Member" is domi­
nated by fine- to medium-grained sandstone and variegated 
mudstone and contains many terrestrial mammalian and 
other vertebrate fossils that indicate a freshwater environ­
ment (Colbert, 1938; Bender, 1983; Aye Ko Aung, 1999; 
Aung Naing Soe, 1999; Aung Naing Soe et ai., 2002). Its 
mammalian fauna and the fission-track age of the "Upper 
Member" (37.2 ± 1.3 Ma) indicate a latest middle Eocene 
age (Tsubamoto et at., 2002). 

Previous studies on Pondaung anthracotheres 

Pilgrim and Cotter (1916) first described three genera 
(Anthracohyus, Anthracotherium, and Anthracokeryx) and 
seven species of anthracotheres from the Pondaung 
Formation. Pilgrim (1928) revised the Pondaung anthra­
cotheres into three genera (Anthracohyus, Anthracothema, 
and Anthracokeryx) and 13 species, describing new 
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Figure 1. A. Map of Myanmar showing the location of the Pondaung area. B. Map of the Pondaung area showing the location of the three 
main regions of fossil localities. 

materials. Colbert (1938) reviewed the Pondaung anthra­
cotheres, and recognized the same three genera as Pilgrim 
(1928) and seven to nine species, also describing new ma­
terials. Thus, in the Pondaung Formation, the three 
anthracothere genera Anthraeohyus, Anthraeothema, and 
Anthraeokeryx have been traditionally recognized. All 
these three genera were established based on the material 
from the Pondaung Formation. Most of the anthracothere 
materials collected from the Pondaung Formation have 
been assigned to Anthraeothema or Anthraeokeryx, 
whereas remains of Anthraeohyus have been very rare. 

Anthraeohyus was established by Pilgrim and Cotter 
(1916) and was characterized particularly by the absence or 
very feeble development of the styles on the upper molars. 
Originally, this genus included three species, that is, 
Anthraeohyus ehoeroides, Anthraeohyus rubrieae, and 
Anthraeohyus palustris. Subsequently, the latter two spe­
cies were moved to a new genus Anthraeothema as deter­
mined by Pilgrim (1928). This classification is followed 
by Colbert (1938). The only remaining species in the 
genus Anthraeohyus, A. ehoeroides, was characterized by 
the conical cusps on its molars, by the absence or very fee­
ble development of the molar styles, and by the mesiodistal 
diameter of the upper molar being shorter on the buccal 
side than on the lingual side (Colbert, 1938). 

Anthraeothema was established by Pilgrim (1928). 
Four species of the Pondaung anthracotheres described by 
Pilgrim and Cotter (1916) were referred to this genus: 
Anthraeohyus rubrieae, Anthraeohyus palustris, Anthra­
eotherium pangan, and Anthraeotherium erassum. All 

these species were renamed by Pilgrim (1928) as 
Anthraeothema rubrieae, Anthraeothema palustre, Anthra­
eothema pangan, and Anthraeothema eras sum, respec­
tively. Afterwards, A. palustre and (questionably) A. 
erassum were synonymized to A. pangan by Colbert 
(1938). Therefore, two (or three) species of the Pondaung 
Anthraeothema were still recognized by him. The genus 
Anthraeothema was characterized by its larger size, weaker 
molar styles, and its more conical molar cusps than those of 
Anthraeokeryx from the Pondaung Formation (Pilgrim, 
1928; Colbert, 1938). Recently, Anthraeothema was 
synonymized to Anthraeotherium by Ducrocq (1999). 

Anthraeokeryx was erected by Pilgrim and Cotter (1916). 
They described two species of Anthraeokeryx, Anthra­
eokeryx birmanieus and Anthraeokeryx tenuis. Pilgrim 
(1928) then described six more species of this genus, 
namely Anthraeokeryx hospes, Anthraeokeryx bambusae, 
Anthraeokeryx myaingensis, Anthraeokeryx ulnifer, 
Anthraeokeryx moriturus, and Anthraeokeryx? lahirii. 
Colbert (1938) later on recognized four to six species of the 
Pondaung Anthraeokeryx. The genus Anthraeokeryx was 
characterized by its smaller size, better marked molar 
styles, and its more crescentic (selenodont) molar cusps 
than Anthraeothema and Anthraeohyus from the Pondaung 
Formation (Pilgrim, 1928; Colbert, 1938). On the other 
hand, the taxonomic validity of keeping Anthraeokeryx? 
lahirii in the Anthracotheriidae was discussed by both 
Pilgrim (1928) and Colbert (1938). Recently, this species 
was referred to the Helohyidae (Artiodactyla) and renamed 
Pakkokuhyus lahirii by Holroyd and Ciochon (1995). 
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1 ern 

Figure 2. Comparison of Siamotherium pondaungensis and 
Pakkokuhyus lahirii . A. M'-J of the type of Siamotherium pondaun­
gensis [NMMP-KU 0039 (Kdw 6): a right maxillary fragment with 
M'-Jj in occlusal view (reversed). B. M,_J of the type of Pakkokuhyus 
lahirii (GSI B- 766: a right mandibular fragment with M'_J) in occlusal 
view. 

On Siamotherium pondaungensis 

Based on a right maxillary fragment with M2
-

1 (Kdw 6 = 
NMMP-KU 0039; Figure 2A) from the Pondaung 
Formation, Siamotherium pondaungensis was described by 
Ducrocq et al. (2000) as a new species of Siamotherium 
(Anthracotheriidae). Siamotherium was known only from 
the Krabi basin, the late Eocene of Thailand (Suteethom 
et aI. , 1988; Ducrocq, 1999). However, the dentition dis­
played by the unique material of S. pondaungensis matches 
that of Pakkokuhyus lahirii (Helohyidae) (Figure 2B) de­
scribed from the Pondaung Formation by Pilgrim (1928) 
and Holroyd and Ciochon (1995) based on a right 
mandibular fragment with M, .). Ducrocq et al. (2000) did 
not compare S. pondaungensis with P. lahirii. Although 
the upper dentition of P. lahirii has never been described, 
we believe that this upper dental material described as S. 
pondaungensis should be referred to P. lahirii rather than to 
another taxon because (1) the upper molars of S. 
pondaungensis are conical, bunodont, and brachyodont mo-

lars, like the lower molars of P. lahirii; (2) the sizes and 
cusp configurations of M2 and M3 of S. pondaungensis well 
match those of M2 and M3 of the type of P. lahirii (GSI B-
766), respectively (e.g., M2 protocone, M3 protocone, and 
M3 metaconule match M2 talonid basin, M3 talonid basin, 
and M3 hypoconulid basin, respectively) (Figure 2); (3) the 
upper dental morphology of S. pondaungensis is similar to 
that of helohyids, such as Helohyus, in having similar dent­
al size, bunodont and conical cusps with enlarged 
metaconule, and no or vestigial styles; and additionally, (4) 
both S. pondaungensis and P. lahirii have been found only 
in the Pondaung Formation. Further discoveries of better 
materials are necessary to settle the classification, but fol­
lowing our observations on the dental materials, we treat 
Siamotherium pondaungensis as a junior synonym of 
Pakkokuhyus lahirii (Helohyidae) in this paper. 

Dental morphology and size variation 
of Pondaung anthracotheres and their classification 

Generic status of Anthracothema and Anthracokeryx 
As mentioned above, 'after the review of Colbert (1938), 

the Pondaung anthracotheres have been classified into three 
genera, Anthracohyus, Anthracothema, and Anthracokeryx, 
and into as many as 13 species. This is because Colbert 

(1938) and earlier researchers (Pilgrim and Cotter, 1916; 
Pilgrim, 1928) recognized various dental morphologies 
among the Pondaung anthracotheres. 

However, the differences in dental morphologies 
between two of the genera, Anthracothema and Anthra­
cokeryx, in the Pondaung Formation are very subtle com­
pared to other anthracotheriid taxa. In addition, these two 
genera have variations in selenodonty (crista development) 
and style development on the upper molars, which were the 
diagnostic characters for distinguishing them (Figures 3-5; 
Pilgrim and Cotter, 1916, plates 2-5; Pilgrim, 1928, plates 
1 - 4; Colbert, 1938, figs . 41 - 52). Although Anthra­
cokeryx, the smaller anthracothere group, generally has 
rather selenodont molars with better developed molar styles 
compared to Anthracothema, and although Anthracothema, 
the larger anthracothere group, generally has rather 
bunodont molars with less-developed styles compared to 
Anthracokeryx, the development of selenodonty and styles 
is variable. We examined all previously described materi­
als of the Pondaung anthracotheres stored in AMNH and 
GSI, and recently collected materials in the National 

... Figure 3. New upper dental materials of the Pondaung anthracotheres (Anthracotherium) in occlusal view (I ). A, A' . NMMP- KU 0053, an 
right upper jaw with P'_MJ (stereo pair). B. NMMP-KU 0455, a right maxillary fragment with pH. C. NMMP-KU 0327, a right mandibular frag­
ment with dP'. D. NMMP- KU 0056, a right max illary fragment with M'-

J. E. NMMP-KU 0404, a right MJ. F. NMMP-KU 0411 , a left maxillary 
fragment with MJ. G . NMMP-KU 0070, a right MJ. H . NMMP- KU 0382, a left maxillary fragment with M'-

J (or M'-'). I . NMMP- KU 0326, a 
right maxillary fragment with M"wl,. J . NMMP- KU 0379, a left M". K. NMMP- KU 0384, a right M"w". Scale bars = 2 cm (left middle scale 
corresponds to A, A' , central upper scale corresponds to B- C, and right lower scale corresponds to D- K). 
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c 

Figure 4. New upper dental materials of the Pondaung anthracotheres (Anthracotherium) in occlusal view (2). A. NMMP- KU 0413, a right 
maxillary fragment with P'M'·'. B. NMMP-KU 0216, a right maxillary fragment with M2-'. C. NMMP-KU 0329, a left maxillary fragment with 
M'·'. Scale bars = 2 cm. 

Museum of Myanmar. We did not find any critical differ­
ences in selenodonty and style development between the 
Pondaung Anthracothema and Anthracokeryx. Further­
more, we did not recognize any dental characteristics sepa­
rating these two Pondaung anthracotheriid genera. For 
example, NMMP-KU 0056, a right maxillary fragment 

with M2-J (Figure 3D), has large dental size suggesting that 
it is referable to Anthracothema. However, the molar 
styles of this material are developed as well as or more than 
the small molar materials in Figure 3G- K, which may be 
referable to Anthracokeryx. Therefore, we conclude that 
the two genera are identical to each other. 

.. Figure S. New lower dental materials of the Pondaung anthracotheres (Anthracotherium). A, A', B- C. NMMP- KU 0052, a right mandibular 
fragment with P,P,-M,: A, A', occlusal view (stereo pair); B, lingual view; C, buccal view. D, D', E- F. NMMP-KU 0086, a left p,: E, E' , occlusal 
view (stereo pair); F, lingual view; G, buccal view. G. NMMP- KU 0330, a left mandibular fragment with M,." in occlusal view. H. NMMP- KU 
0419, a talonid part of left M" in occlusal view. I. NMMP-KU 0332, a right mandibular fragment with M), in occlusal view. J, K. NMMP- KU 
0433, a right p,; J, lingual view; K, occlusal view. Scale bars = 2 cm (left middle scale corresponds to A-C, A', and left lower scale corresponds 
to D- K, D', and right lower scale corresponds to J- K) . 
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Anthracotherium 
from Pondaung 

Anthracothe rium 
chaimanei 

Anthracothe rium 
magnum 

Upper left p3 
occlusal view 

................. -- .. -_ ........ -_ .......................... -- -_ .... --_ ...... -_ ........................................................ -_ .................. .. 

Lower right P 4 

occlusal view 

lingual view 

Figure 6. Schematic drawings of left p' and right P. of the Pondaung Anthracotherium, Anthracotherium chaimanei, and Anthracotherium 
magnum. Abbreviations: pad, paraconid; med, metaconid. 

Furthermore, these two genera, Anthracothema and 
Anthracokeryx, are also similar to the genus Anthra­
cotherium in regard to dental morphology (Pilgrim and 
Cotter, 1916; Pilgrim, 1928; Colbert, 1938). Describing a 
new species of Anthracotherium from the late Eocene 
Krabi basin of Thailand, Ducrocq (1999) synonymized 
Anthracothema to Anthracotherium. He mentioned that 
the graduation observed in the style development of p4-
MJ , in the robustness and orientation of pl, and in the devel­
opment of the lingual crests on the lower premolars among 
Anthracothema pangan from Pondaung, Anthracotherium 
chaimanei from Krabi, and Anthracotherium monsvialense 
from Europe probably indicates a direct relationship among 
these three taxa. We concur with Ducrocq's (1999) con­
clusion. In addition, we also synonymize Anthracokeryx to 
Anthracotherium in this paper because Anthracokeryx and 
Anthracothema are not separable from each other, as men­
tioned above. All these three genera have bunodont denti­
tion, quite similar upper and lower molar morphologies to 
one another, and mesiodistally elongated simple P4 • No 
distinct characteristics of dental morphology distinguish the 
three genera. 

Specific identification 
Among the species of the genus Anthracotherium, defini­

tive characteristics in upper and lower posterior premolars 
distinguish the Pondaung Anthracotherium species from 

more progressive Anthracotherium species, such as 
Anthracotherium chaimanei from the late Eocene Krabi 
basin of Thailand and European Anthracotherium (e.g., 
Anthracotherium magnum from the Oligocene). These 
premolar characteristics indicate that the Pondaung 
Anthracotherium species resemble each other in their dent­
al morphology more than they do any other species of this 
genus (Figures 3, 5, 6). The pl in all materials of the 
Pondaung Anthracotherium has a mesiodistally elongated 
triangular outline in occlusal view with pre- and 
postprotocrista extending mesiodistally; whereas the pl of 
A. chaimanei has a more mesiodistally compressed 
trianglar outline with the pre- and postprotocrista running 
more diagonally, and that of A. magnum has a trapezoidal 
outline in occlusal view with pre- and postprotocrista run­
ning more diagonally (Figure 6; Ducrocq, 1999). The P4 

in all materials of the Pondaung Anthracotherium has a 
vestigial metaconid but does not have any trace of 
paraconid, whereas A. chaimanei and A. magnum have both 
tiny paraconid and metaconid (Figure 6). The p4 in all ma­
terials of the Pondaung Anthracotherium is less selenodont 
and has much weaker styles than those in the p4 of A. mag­
num and A. chaimanei, as mentioned by Ducrocq (1999). 
Also, the development of the lingual crests on the lower 
premolars of the Pondaung Anthracotherium is weaker 
(Ducrocq, 1999). In such premolar morphologies, there 
are no critical characteristics that distinguish any group 



Anthracotheriidae from Myanmar 371 

900 ,..--------------, 

800 

"'e 700 
g 
~600 
"fi 
~500 
CD 
" " '=-400 
" ~ 
pOO 
e 
U 

200 

Lower molars -t-GSI B751 

__ GSIB617 

_____ AMNH 200 II (right) 

__ GSI B605 

-GSIB755 
__ AMNH 20017 (left) 

800 

700 

of: 
g 600 
2 
-0 
"fi 500 
>< 
.c 
OJ, 

~ 400 

" ~ 
~ 300 

" 2 
U 200 

Upper molars __ AMNH 20027 

_____ AMNII 20011 

__ NMMI'-KU 0053 

__ OSI B621 

-t- GSI1l756 (right) 
__ AMNH 20017 (left) 
----.- AMNII 20017 (right) 

----.- AMNII 20017 (right) 

100 .b====:tt~ 
__ NMMP-KU 0052 100 

o L-____ ~ _____ ~ 0 
MI M2 M3 MI 

Figure 7. Size change (line chart) of upper and lower molars of the Pondaung anthracotheres in each individual. 

among the Pondaung Anthracotherium. In addition, al­
though there are individual variations, the Pondaung 
Anthracotherium species are distinct from other 
Anthracotherium species in having such molar morpholo­
gies as weaker selenodonty and weaker development of 
styles (Figures 3-5). These characteristics indicate that 
the Pondaung Anthracotherium species possess the most 
primitive dentition within the genus (Ducrocq, 1999). 

Similar to the case of the dental morphology, the dental 
sizes of the Pondaung anthracotheres are highly variable. 
Figure 7 shows the line chart of the molar areas (width X 
length) in individuals of the Pondaung anthracotheres. 
The size of Mill relative to Mllz and M1/l relative to M3/3 in 
a single individual is not constant among the Pondaung 
anthracotheres. For example, MI in GSI B75 I is much 
smaller than in GSI B617, while M3 in the former is rather 
larger than in the latter. This kind of variation shown in 
Figures 7 can be explained by individual variation and can­
not be attributed to specific differences, as mentioned 
below. 

The dental sizes of each tooth class of all the Pondaung 
anthracothere materials are also highly variable (Figures 8, 
9). For example, the size of smallest M3 is about 15 mm 
in width and 14 mm in length, while that of largest MJ is 
about 45 mm in width and 39 mm in length (Figure 8). 
Such size differences do not support the idea that the 
Pondaung anthracotheres consist of one species. How­
ever, this distributional pattern of the dental size supports 
the argument that these animals belong to the same taxo­
nomic category (that is, genus) because the scatter plots of 
the mesiodistal length and buccolingual width of p3 / 3 -

M3/) are easily fitted to a straight-line by simple regression 

(Figures 8, 9)_ 
Among the dental size distributions (Figures 8, 9), it is 

noteworthy that the MI size can be more readily divided 
into four groups than the other tooth classes. In general, 
the first molars are the first of the adult dentition to erupt 
and express less size variation among the adult dentition. 
A number of extant herbivores, including both browsing 
and grazing forms and certain species of hippos and suids, 
compensate for tooth wear by sequential or delayed tooth 
eruption (Kron and Manning, 1998). As the anterior teeth 
(and/or teeth erupting earlier) wear out, the emerging last 
molars (typically enlarged) take a progressively greater role 
in food comminution, resulting in no net loss of feeding ef­
ficiency (Kron and Manning, 1998). Thus, the teeth erupt­
ing later (posterior molars and premolars) are considered to 
express much wider dental size variations than do first mo­
lars in each species_ In particular, lower first molars (MI) 
have been considered to express less size variation com­
pared to upper first molars (MI), and to correlate very 
closely to the body size of mammals compared to other 
tooth classes (Gingerich, 1974; Gingerich and Schoeninger, 
1979; Legendre, 1986, 1989; Conroy, 1987; Legendre and 
Roth, 1988; Dagosto and Terranova, 1992; Bown et ai., 
1994). 

Therefore, the distributional pattern of MI size (--- body 
size) in the Pondaung anthracotheres (Figure 9) suggests 
that the Pondaung anthracotheres can be divided into four 
subgroups within a single taxonomic group, that is, four 
species within a single genus, although a very high degree 
of size variation exists particularly in the posterior molars. 

In relation to the specific classification of the Pondaung 
anthracotheres, we should mention here one dental charac-
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Figure 10. The Pondaung anthracothere materials of Anthracohyus-type in occlusal view. A. GSI B603 (holotype of Anthracohyus 
choeroides), a left M'. B. NMMP- KU 0452, a left M' . C. NMMP- KU 0454, a left MJ D. NMMP- KU 0453, a right M'. E. NMMP- KU 0500, 
a left maxillary fragment with pl-->. F. NMMP-KU 0475, a right M,. Scale bar = 2 cm. 

teristic of MJ. Pilgrim (1928) distinguished the two small 
Pondaung anthracotheres, Anthracokeryx ulnifer and 
Anthracokeryx myaingensis, from one another on the basis 
of the morphology of the hypoconulid on MJ; the former 
has a single cusp at the hypoconulid region on M), whereas 
the latter has a double cusp. Although most of the 
Pondaung anthracotheres have a double cusp at the 
hypoconulid region on MJ, the buccal of which is always 
larger and more distinct than the lingual one, the develop­
ment of the lingual one is highly variable among all the ex­
amples of M) in the Pondaung anthracotheres. For ex­
ample, the lingual cusp in the hypoconulid on MJ is almost 
as large as the buccal one in NMMP-KU 0330 (Figure 5G), 
whereas it is very small and faint in NMMP-KU 0419 
(Figure 5H). We consider this difference to be individual 
variation, not a specific characteristic. 

Status of Anthracohyus 
We also synonymize the remaining genus among the 

Pondaung anthracotheres, Anthracohyus, to Anthra­
cotherium. Although Anthracohyus has unique dental 
structures in the upper molars (GSI B603, Figure lOA) 
(Pilgrim and Cotter, 1916; Pilgrim, 1938; Colbert, 1938), 

the basic structures of its upper molars are referable to 
those of the Pondaung Anthracotherium (Figures 3, 4). 
Furthermore, the lower dental material of Anthracohyus 
choeroides, GSI B605 (a right mandibular fragment with 
complete dentition) (Pilgrim and Cotter, 1916, pI. 2, figs. 3, 
3a - e, 4, 4a - e), is identical to that of Anthracokeryx 
birmanicus from the Pondaung Formation (Pilgrim, 1928, 
pI. 4, fig . 5; Colbert, 1938, fig . 45); there is no morphologi­
calor size distinction among the lower dental materials of 
the two species. 

On the other hand, there are a few new specimens whose 
dental morphologies seem to be identical to that of 
Anthracohyus (Figure lOB - F): NMMP-KU 0452 (a left 
M3

), 0453 (a right M)), 0454 (a left MJ), 0475 (a right MJ), 
and 0500 (a left maxillary fragment with p3-4) [the latter 
four specimens (NMMP- KU 0453, 0454, 0475, and 0500) 
probably belong to the same individual] . The upper mo­
lars amomg these (NMMP - KU 0452, 0453, 0454) have 
characteristics of Anthracohyus: very conical cusps, no or 
very vestigial styles on the upper dentition, and 
mesiodistally shorter buccal margins than the lingual one 
on the upper molars. The three examples of M3

, GSI B603 
(type of Anthracohyus choeroides) (length: 21.2 mm; 
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width: 25.4 mm), NMMP-KU 0452 (length: 27.9 mm; 
width: 33.0 mm), and NMMP-KU 0453 (length: 19.6 mm; 
width: 21.8 mm), are separately scattered in the same linear 
size-distributional pattern prevalent among the Pondaung 
anthracotheres (Figure 6). Although these three specimens 
are not MI and are considered to have relatively great size 
variation, they may be referred to the second largest, larg­
est, and second smallest groups ainong the four groups of 
the Pondaung anthracotheres mentioned above, respec­
tively, according to their sizes. Therefore, this size­
distributional pattern also suggests that these Anthracohyus 
-type materials express one of the variations among the 
Pondaung anthracotheres, that is, species of Anthra­
cotherium. 

In conclusion, taking the variations of molar morphology 
(particularly development of upper molar styles) and size of 
the Pondaung anthracotheres into consideration (Figures 
3-5), we interpret the dental morphology of Anthracohyus 
as one of the unusual individual variations of the Pondaung 
Anthracotherium. Otherwise, a multiplicity of species (of 
Anthracothema, Anthracokeryx, and Anthracohyus) which 
are morphologically and phyletically very close to one an­
other, have to be maintained in a single fossil fauna (the 
Pondaung fauna). Such a situation seems unreasonable. 

Classification 
To review, we synonymize all the genera of the 

Pondaung anthracotheres (Anthracothema Pilgrim, 1928, 
Anthracokeryx Pilgrim and Cotter, 1916, and Anthracohyus 
Pilgrim and Cotter, 1916) to Anthracotherium Cuvier, 
1822. We group the Pondaung Anthracotherium materials 
into four species on the basis of MI size (- body size). 
Materials lacking MI are tentatively assigned to one of the 
four species based on the sizes of available teeth 
(Appendix). 

There is a possibility that the larger two and smaller two 
of the four species might in fact be sexual dimorphic pairs 
as implied by Holroyd and Ciochon (1991). Most 
anthracotheres show a moderate amount of sexual dimor­
phism, but it is expressed by the canines: the individuals 
adjudged to have been male have larger canines than do the 
females (Kron and Manning, 1998). However, the fossil 
materials of the Pondaung anthracotheres are too poor to 
evaluate distribution of canine size, so there is no evidence 
to confirm that the larger two and smaller two represent 
male-and-female of sexually dimorphic species. Also, no 
critical difference in canine size relative to MI is observed 
among the currently available materials. Therefore, we 
treat these four groups of the Pondaung Anthracotherium as 
four species in this paper. 

Although the specific nomenclature of the Pondaung 
anthracotheres has been very complicated as mentioned 
above (Pilgrim and Cotter, 1916; Pilgrim, 1928; Colbert, 

1938), the following four species names can be retained 
based on the rule of priority: largest species, Anthra­
cotherium pangan Pilgrim and Cotter, 1916; second largest 
species, Anthracotherium crassum Pilgrim and Cotter, 
1916; second smallest species, Anthracotherium birmani­
cum (Pilgrim and Cotter, 1916); and smallest species, 
Anthracotherium tenuis (Pilgrim and Cotter, 1916). The 
possibility remains that the larger two (A. pangan and A. 
crassum) and smaller two (A. birmanicum and A. tenuis) 
might each be combinable as a sexually dimorphic species. 

Concluding remarks 

The dental morphological comparisons in this study indi­
cate that the Pondaung anthracotheres consist of four 
species of one genus (Anthracotherium). Their dental 
morphology, such as selenodonty, development of styles, 
and premolar shapes, suggest that the four species are much 
more similar to one another than to any other species of 
Anthracotherium from other deposits, although the dental 
morphology trend seems to be highly variable within the 
Pondaung Anthracotherium. In addition, the group of 
Pondaung Anthracotherium species has the other following 
features: (1) it is the oldest among the genus; (2) in basic 
dental morphology, the Pondaung Anthracotherium are 
likely to be the most primitive among the genus; and (3) 
their fossil materials predominate in collections of the 
Pondaung marnrnal fauna, suggesting a dominant popula­
tion size (Pilgrim and Cotter, 1916; Pilgrim, 1928; Colbert, 
1938; Tsubamoto, 2001). Therefore, it is suggested that: 
(1) the genus Anthracotherium originated and rapidly radi­
ated around the Pondaung area during the latest middle 
Eocene, and (2) Anthracotherium migrated from southern 
East Asia to Europe during the latest middle to late Eocene 
(Ducrocq, 1995). 

Systematic paleontology 

Order Artiodactyla Owen 
Family Anthracotheriidae Leidy 

Genus Anthracotherium Cuvier, 1822 

Synonyms. - Anthracohyus Pilgrim and Cotter, 1916; 
Anthracokeryx Pilgrim and Cotter, 1916; Anthracothema 
Pilgrim, 1928. 

Type species.-Anthracotherium magnum Cuvier, 1822. 
Included species from Europe. - Anthracotherium 

monsvialense De Zigno, 1888; Anthracotherium alsaticum 
Cuvier, 1822; Anthracotherium seckbachense Kinkelin, 
1884; Anthracotherium illyricum Teller, 1886; 
Anthracotherium bumbachense Stehlin, 1910; 
Anthracotherium cuvieri Gaudry, 1873; Anthracotherium 
hippoideum Riitimeyer, 1857; Anthracotherium valdense 
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Kowalevski, 1876; Anthracotherium dalmatinum von 
Meyer, 1854. (after Ducrocq, 1999) 

Included species from Asia.-Anthracotherium bugtiense 
Pilgrim, 1907 (sensu Pickford, 1987); Anthracotherium 
silistrense Pentland, 1828 (sensu Pickford, 1987); Anthra­
cotherium changlingensis Zhao, 1993; Anthracotherium 
chaimanei Ducrocq, 1999; Anthracotherium thailandicus 
(Ducrocq, 1999) new combination; Anthracotherium 
gungkangensis (Qiu, 1977) new combination; Anthra­
cotherium verhoeveni (von Koenigswald, 1967); Anthra­
cotherium pangan Pilgrim and Cotter, 1916; Anthra­
cotherium crassum Pilgrim and Cotter, 1916; Anthra­
cotherium birmanicum (Pilgrim and Cotter, 1916) new 
combination; Anthracotherium tenuis (Pilgrim and Cotter, 
1916) new combination. 

Revised diagnosis.-Large- to small-sized bunodont and 
primitive anthracothere. Differs from selenodont and 
bunoselenodont anthracotheres, such as Elomeryx and 
Bothriogenys, in having much simpler premolars and less 
developed selenodonty. Differs from Siamotherium in 
having double premetacristid on the lower molars (there is 
no distinct outer metacristid on those of Siamotherium), 
much better developed molar styles, less lingually located 
molar metacone in relation to paracone, much less 
mesiodistally compressed M3, and much better developed 
protocone compared to paracone on p3-4. Differs from 
Anthracosenex in having mesially or mesiobuccally ori­
ented outer premetacristid rather than buccally oriented in 
Anthracosenex. Differs from Heptacodon in having less 
developed P4 cristids, and in lacking such strongly devel­
oped and prominent styles on the upper molars as in 
Heptacodon, and molar postentocristid that runs 
distobuccally and links to posthypocristid making a V­
shaped notch. Differs from Microbunodon in having more 
bunodont cusps, less developed cingulum, rather straight 
(not V-shaped) ectoloph on p3-4, and mesiodistally longer 
pl. 

Anthracotherium pangan Pilgrim and Cotter, 1916 

Anthracotherium pangan Pilgrim and Cotter, 1916, p. 59-60, pI. 
4, figs. 1-3. 

Anthracothemapangan (Pilgrim and Cotter, 1916). Pilgrim, 1928, 
p. 10-13, pI. 1, figs. 1-7; Colbert, 1938, p. 353-355, figs. 
41-42. 

Anthracohyus rubricae Pilgrim and Cotter, 1916 (in part), p. 
55-57, pI. 2, fig. 5-6, pI. 3, fig. 1-2. 

Anthracothema rubricae (Pilgrim and Cotter, 1916) (in part). 
Pilgrim, 1928, p. 14; Colbert, 1983, p. 356-358. 

Anthracotherium crassum Pilgrim and Cotter, 1916 (in part), p. 
60-61, pI. 4, fig. 4-5, 5a. 

Anthracothema crassum (Pilgrim and Cotter, 1916) (in part). 
Pilgrim, 1928, p. 16-18; Colbert, 1938, p. 355-356. 

Anthracohyus palustris Pilgrim and Cotter, 1916, p. 58, pI. 3, figs. 
7-9. 

Anthracothema palustre (Pilgrim and Cotter, 1916). Pilgrim, 
1928, p. 14-16, pI. 2, figs. 8-10; Colbert, 1938, p. 355. 

Lectotype. -GSI B619, a left maxillary fragment with 
M2- 3 (Colbert, 1938). 

Revised diagnosis. - Large-sized and one of the most 
primitive Anthracotherium species. The dental morphol­
ogy is almost identical to other Pondaung Anthracotherium 
species (Le., A. crassum, A. birmanicum, and A. tenuis). 
Differs from the other Pondaung Anthracotherium species 
in having larger MI. Differs from more progressive 
Anthracotherium, such as A. magnum, A. monsvialense, A. 
bugtiense, and A. chaimanei, in having slightly less 
selenodont cusps, less developed styles, mesiodistally elon­
gated triangular outline of pl in occlusal view having 
mesiodistally (not diagonal to the tooth row) extending 
paracrista, less developed lower premolar cristids, and less 
molariform P4 lacking a trace of paraconid. Differs from 
A. thailandicus in having slightly lower tooth crown in the 
lower dentition, less selenodonty, and metaconid on P4, and 
lacking paraconid on P4. Differs from A. silistrense in 
having larger size and slightly lower P3-4. Differs from A. 
gungkangensis in having larger size, slightly less developed 
selenodonty and styles, more rounded outline of upper mo­
lars in occlusal view, and slightly wider and shorter upper 
molars. Differs from A. verhoeveni in lacking hypertro­
phied metastyle on the distal face of M3. Differs from A. 
changlingensis in being smaller. 

Anthracotherium crassum Pilgrim and Cotter, 1916 

Anthracotherium crassum Pilgrim and Cotter, 1916 (in part), p. 
60-61, pI. 5, fig. I. 

Anthracothema crassum (Pilgrim and Cotter, 1916) (in part). 
Pilgrim, 1928, p. 16-18; Colbert, 1938, p. 355-356. 

Anthracohyus rubricae Pilgrim and Cotter, 1916 (in part), p. 
55-57, pI. 2, fig. 7, pI. 3, figs. 3-6, 5a. 

Anthracothema rubricae (Pilgrim and Cotter, 1916) (in part). 
Pilgrim, 1928, p. 14, pI. 2, figs. 1-7; Colbert, 1983, p. 
356-358, figs. 43-44. 

Anthracohyus choeroides Pilgrim and Cotter, 1916 (in part), p. 
52-55, pI. 2, figs. 1-2. 

Anthracokeryx moriturus Pilgrim, 1928, p. 32, pI. 4, figs. 1-3; 
Colbert, 1938, p. 376-379, figs. 51-52. 

Holotype. -GSI B615, a left maxillary fragment with 
M 2- 3• 

Revised diagnosis. - Second largest (medium-sized) 
Pondaung Anthracotherium. Differs from A. pangan in 
having smaller MI. Differs from A. birmanicum and A. 
tenuis in having larger MI. 
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Anthracotherium birmanicum (Pilgrim and Cotter, 1916) 

Anthracokeryx birmanicus Pilgrim and Cotter, 1916 (in part), p. 
61-62, pI. 5, figs. 2, 4; Pilgrim, 1928, p. 18-19, pI. 4, figs, 
5, 5a; Colbert, 1938, p. 360-362, fig. 45. 

Anthracokeryx hospes Pilgrim, 1928, p. 29-30; Colbert, 1938, p. 
362-363. 

Anthracohyus choeroides Pilgrim and Cotter, 1916 (in part), p. 
52-55, pI. 2, figs. 3-4, 3a-3e, 4a-4e. 

Holotype.-GSI B621, a right maxillary fragment with 
p1_M3• 

Revised diagnosis. - Second smallest (medium-sized) 
Pondaung Anthracotherium. Differs from A. pangan 
and A. crassum in having smaller MI. Differs from A. 
tenuis in having larger MI. 

Anthracotherium tenuis (Pilgrim and Cotter, 1916) 

Anthracokeryx tenuis Pilgrim and Cotter, 1916, p. 62-63, pI. 5, 
figs. 6-8; Colbert, 1938, p. 364. 

Anthracokeryx birmanicus Pilgrim and Cotter, 1916 (in part), p. 
6 I -62, pI. 5, figs. 3, 5. 

Anthracokeryx bambusae Pilgrim, 1928, p. 29; Colbert, 1938, p. 
363. 

Anthracokeryx myaingensis Pilgrim, 1928, p. 30-31, pI. 3, figs. 
4-7; Colbert, 1938, p. 364-365. 

Anthracokeryx ulnifer Pilgrim, 1928, p. 19-29, pI. 3, figs. 1-3, pI. 
4, fig. 6; Colbert, 1938, p. 365-375, figs. 46-50. 

Holotype. -GSI B625 (a left maxillary fragment with 
M-2 ) and GSI B626 (a left mandibular fragment with MI 
and posterior part of dP4). 

Revised diagnosis. - Smallest (small-sized) Pondaung 
Anthracotherium. Differs from other Pondaung Anthra­
cotherium species in having smaller MI. Further differs 
from A. thailandicus in lacking the high and ventrally sa­
lient mandibular symphysis under PI, and in having longer 
diastema between P2 and P3 • Further differs from A. 
silistrense in having longer diastema in the anterior premo­
lar dentition. 

Family Helohyidae Marsh 
Genus Pakkokuhyus Holroyd and Ciochon, 1995 

Pakkokuhyus lahirii (Pilgrim, 1928) 

Anthracokeryx? lahirii Pilgrim, 1928, p. 32-33, pI. 4, figs 4, 4a; 
Colbert, 1938, p. 379. 

Pakkokuhyus lahirii (Pilgrim, 1928). Holroyd and Ciochon, 
1995, p. 178-180, fig. lA, B. 

Siamotherium pondaungensis Ducrocq et at., 2000; p. 756, fig. 2. 

Holotype. -GSI B766, right mandibular fragment with 
M I- 3• 

Revised diagnosis. - A helohyid having bunodont and 
conical cusps, lacking hypocone at least on M2-3 and 
paraconid at least on M2-J. Differs from Gobiohyus and 
Helohyus in having more bunodont and conical cusps, a 
basally inflated crown, larger metaconule on M\ entoconid 
slightly posterior to hypoconid and less pronounced 
ectoflexid on the lower molars, a continuous labial cingulid 
on M3, shorter and less distinct hypoconulid loop on MJ, 
stronger labial cingulids on MI-2, and absolutely and rela­
tively greater mandibular depth, and in lacking trace of 
molar hypocone, lingual cingulum and stylar cusps on the 
upper molars, and molar paraconid. Further differs from 
Gobiohyus in having relatively higher crowns and from 
Helohyus in having a stronger hypoconulid on the distal 
cingulid and in lacking accessory cuspulids on the 
hypoconulid loop. Differs from Progenitohyus in having 
smaller dental size, larger hypoconulid on MJ, and labial 
cingulid on MJ, and in lacking paraconid on M2. Differs 
from the possible raoellid Haqueina in having entoconid 
slightly posterior to hypoconid, a stronger hypoconulid on 
the distal cingulid, and weaker hypolophid and cristid 
obliqua, a weaker and less constricted hypoconulid loop 
and a single hypoconulid on M3 • Differs from 
anthracotheriids in having smaller dental size, more conical 
(less selenodont) cusps, straight hypolophid on the lower 
molars, and shorter hypoconulid loop on M3, and in lacking 
a double premetacristid on the lower molars. 

Comments on some other Eocene anthracotheres 
from Asia 

We reappraise several Eocene anthracotheres from Asia 
in relation to the revision of the Pondaung anthracotheres. 
Anthracothema and Anthracokeryx have been also reported 
from other deposits in the Eocene of Asia. Because the 
Pondaung Anthracothema and Anthracokeryx are the types 
of the two genera and the two were referred to 
Anthracotherium, all species of Anthracothema and 
Anthracokeryx are referred to Anthracotherium, except for 
Anthracokeryx sinensis (including Anthracokeryx dawsoni 
and Anthracothema minima), Anthracokeryx litangensis, 
and Anthracothema lijiangensis. 

Anthracokeryx birmanicus, Anthracokeryx moriturus, 
Anthracokeryx sp. (= Anthracokeryx sp. cf. bumbusae), and 
Anthracothema rubricae, which are con specific with one or 
another of the Pondaung anthracotheres, are recorded from 
the late Eocene Naduo Formation, Bose and Yongle basins, 
Guangxi, southern China (Chow, 1957; Tang et aI., 1974; 
Qiu, 1977; Russell and Zhai, 1987). The materials of 
these species are poor, so that for the time being we tenta­
tively refer these materials to the same species as 
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Anthracotherium from the Pondaung Formation. We refer 
Anthracothema rubricae and Anthracokeryx moriturus to 
Anthracotherium crassum, Anthracokeryx birmanicus to 
Anthracotherium birmanicum, and Anthracokeryx sp. to 
Anthracotherium sp. 

Anthracokeryx gungkangensis and Anthracokeryx 
kwangsiensis are recorded from the late Eocene Gongkang 
Formation, which overlies the Naduo Formation (Qiu, 
1977). Anthracokeryx kwangsiensis is also recorded from 
the Naduo Formation (Zhao, 1993). Ducrocq (1999) men­
tioned that these two species likely correspond to only one 
form in terms of their very similar morphology and dimen­
sions. Following his suggestion, we treat Anthracokeryx 
kwangsiensis as a junior synonym of Anthracokeryx 
gungkangensis. Therefore, both of these species are re­
ferred to Anthracotherium gungkangensis. 

Anthracokeryx sinensis is recorded from the Heti 
(Yuanchu basin), Xiangshan (Lijiang basin, Yunnan), and 
Huangzhuang (Qufu, Shandong) formations of the middle 
Eocene of China (Zdansky, 1930; Xu, 1962; Shi, 1989; 
Zhong et al., 1996). We think that Anthracokeryx sinensis 
is not a bunodont but a primitive bunoselenodont anthra­
cothere, so that this species is not referable to Anthra­
cotherium (bunodont anthracothere). The P4 of 
Anthracokeryx sinensis (Zdansky, 1930, pI. 1, fig. 18; Xu, 
1962, p. 241, fig. 1-3a) is much more molarized than that 
of progressive Anthracotherium species, such as 
Anthracotherium magnum. It has a somewhat triangle­
shaped trigonid in occlusal view and resembles that of 
bunoselenodont or selenodont anthracotheres. Also, the 
upper molars of Anthracokeryx sinensis reveal stronger 
selenodonty than those of Anthracotherium. In particular, 
the paraconule of the upper molars of A. sinensis is much 
more selenodont than that of Anthracotherium. The 
selenodonty of the upper molars of A. sinensis also appears 
similar to that of bunoselenodont anthracotheres, such as 
Bothriogenys. Therefore, we consider that it is better to 
establish a new genus for Anthracokeryx sinensis. 

We suspect that it is better to synonymize both 
Anthracokeryx dawsoni and Anthracothema minima to 
Anthracokeryx sinensis. First, Anthracokeryx dawsoni was 
described by Wang (1985) from the late middle Eocene 
Zhaili Member of the Heti Formation (Yuanchu basin, cen­
tral China), which also yields Anthracokeryx sinensis. The 
material of Anthracokeryx dawsoni consists of a skull with 
upper dentition. This material (IVPP V7915) has very 
similar dental morphology and size to Anthracokeryx 
sinensis except for a few dental differences (Xu, 1962, pI. 
1, fig. 2-3, 8, 2A-3A, pI. 2, fig. 2, 2A; Wang, 1985, p. 58, 
pI., 1); such subtle differences seem to be within the range 
of intraspecific variation. Second, Anthracothema minima 
was described by Xu (1962, p. 233, 244, pI. 1, fig. I, lA) 
from the late middle Eocene Rencun Member of the Heti 

Formation, which also yields Anthracokeryx sinensis. 
Anthracothema minima consists of only one upper molar 
(IVPP V2661), which has conical cusps like that of the 
Pondaung Anthracothema and Anthracohyus. However, 
its overall dental morphology and size are similar to that of 
Anthracokeryx sinensis. Taking the case of the Pondaung 
anthracotheres mentioned above into consideration, it may 
be better to consider that Anthracothema minima is also not 
a distinct species but one of the variations of Anthracokeryx 
sinensis. 

Anthracokeryx litangensis was described from the late 
Eocene to early Oligocene Gemusi basin of Litang County 
(Sichuan, China), based on a right mandibular fragment 
with P4 M1 and an astragalus by Zhong et al. (1996). 
Although its only preserved lower molar (MI) is heavily 
worn (Zhong et ai., 1996, p. 265, pI. 21, fig. 3), the lower 
molar is rather selenodont than bunodont, having more 
lingually oriented preparacristid and cristid obliqua than 
Anthracotherium and Anthracokeryx sinensis. Its P4 is 
mesiodistally elongated and with well-developed cristids, 
suggesting it is referable neither to Anthracotherium nor to 
Anthracokeryx sinensis. The dental morphology of 
Anthracokeryx litangensis is rather similar to that of 
selenodont anthracotheres, such as Bothriodon. 

Anthracokeryx thailandicus was described from the late 
Eocene Krabi basin of Thailand by Ducrocq (1999). We 
refer this species to the genus Anthracotherium and intro­
duce for it the new combination Anthracotherium 
thailandicus. 

Ducrocq (1999, p. 125, pI. 14G) described an 
anthracotheriid left M3 (DMR TF2662) from the Krabi 
basin as Anthracotheriinae gen. et sp. indet. This material 
is morphologically similar to that of Anthracohyus from the 
Pondaung Formation (Ducrocq, 1999) and is similar to 
Anthracotherium thailandicus in size. Thus, DMR 
TF2662 might be one of the individual variations of A. 
thailandicus. 

Anthracokeryx sp. from the middle Eocene Lizhuang 
Formation (Henan, central China) was described by Wang 
and Zhou (1982) based on a broken right upper molar. 
Although this material was not illustrated, Wang and Zhou 
(1982) mentioned its morphological similarity to upper mo­
lars of Anthracokeryx sinensis. Here, we tentatively refer 
this material to cf. Anthracokeryx sinensis. 

Cf. Anthracokeryx sp. was cited in the early to early mid­
dle Eocene Kuldana Formation (Indo-Pakistan) by 
Gingerich et al. (1979) and Russell and Zhai (1987). It is 
only represented by BMNH 32168, a left M3, which was re­
ferred to Lammidhania wardi (Anthracobunidae) by 
Gingerich (1977). However, the dental morphology of 
BMNH 32168 is identical M3 of bunoselenodont anthra­
cotheres, such as Bothriogenys, and is definitely not refer­
able to Anthracokeryx (= Anthracotherium). Besides, 
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BMNH 32168 may be from the overlying Murree 
Formation (RusselI and Zhai, 1987). Therefore, the exis­
tence of an Anthracokeryx (Anthracotherium)-like anthra­
cothere in the Kuldana Formation is highly doubtful. 

Cf. Anthracokeryx sp. was cited also in the late middle 
Eocene Shara Murun Formation (Inner Mongolia, northern 
China) by RusselI and Zhai (1987). The sole specimen of 
this form, AMNH 22090 (a right mandibular fragment with 
M3), was originalIy described as Gobiohyus robustus 
(Helohyidae) by Matthew and Granger (1925). The M3 of 
the specimen has three large and distinct cusps at the 
hypoconulid region and reveals a bilophodont structure, 
which have never been seen in anthracotheres. Therefore, 
the existence of an Anthracokeryx (Anthracotherium)-like 
anthracothere in the Shara Murun Formation is also highly 
doubtful. 

Anthracothema lijiangensis was described from the mid­
dle Eocene Xiangshan Formation (Lijiang basin, Yunnan, 
southern China) by Zong et al. (1996). This species dif­
fers from Anthracotherium in having straight (not V­
shaped) hypolophid, mesiodistalIy rather than mesio­
lingualIy oriented cristid obliqua, and no buccal 
premetacristid directed mesiobuccalIy on the lower molars 
(Zong et aI., 1996, p.279, pI. 35, fig. 2). These character­
istics demand rejection of a reference of Anthracothema 
lijiangensis to Anthracotherium. It may be better to estab­
lish a new genus for this species (Anthracothema 
lijiangensis is distinguished from Anthracokeryx sinensis). 
On the other hand, although the material of Anthracothema 
lijiangensis was referred to the Anthracotheriidae by Zong 
et al. (1996) and Huang (1999), this familial position of A. 
lijiangensis is also doubtful because the species have 
straight hypolophid and no trace of mesiobuccalIy-directed 
premetacristid on the lower molars, both which are not ap­
propriate to the anthracotheriid diagnosis (Holroyd and 
Ciochon, 1995). 

Anthracotherium chaimanei was originalIy reported as 
Anthracothema sp. cf. A. pangan from the Krabi basin of 
Thailand by Ducrocq et al. (1992). It was formalIy de­
scribed by Ducrocq (1999). 

Anthracotherium verhoeveni was originalIy described 
from Timor (Indonesia) (but see Ducrocq, 1996, p.765) as 
Anthracothema verhoeveni by von Koenigswald (1967). It 
was referred to the genus Anthracotherium by Ducrocq 
(1999). 

Anthracotherium? spp. were cited in the middle middle 
Eocene Lushi Formation (Henan, central China) by Chow 
et al. (1973). However, this report contained no illustra­
tion of their material. In addition, the mammalian fauna of 
the Lushi Formation, which was referred to the middle mid­
dle Eocene (Irdinmanhan East Asian Land Mammal Age) 
(RusseIl and Zhai, 1987), is much older than the latest mid­
dle Eocene Pondaung Formation including the oldest posi-

tive Anthracotherium species. Therefore, the presence of 
the genus Anthracotherium in the Lushi Formation is 
doubtful (RusselI and Zhai, 1987). 

Heothema is recorded from the late Eocene Naduo and 
Gongkang Formations (Bose and Yongle basins, Guangxi) 
and lower part of Y ongning Formation (late Eocene or 
early Oligocene; Nanning basin, Guangxi) of southern 
China (Tang, 1978; Zhao, 1981, 1983, 1993). Although 
the genus Heothema was synonymized to Anthracotherium 
by Ducrocq (1999), this genus may be valid because: (1) 
the molars and P' of Heothema are more selenodont than 
those of Anthracotherium; (2) crests on the lingual face of 
lower premolars in Heothema (Tang, 1978, pI. 3, fig. 1, lA) 
are stronger than those in Anthracotherium; and (3) P4 of 
Heothema seems to be more molariform than that of 
Anthracotherium, having a somewhat triangularly-shaped 
trigonid outline in occlusal view (Tang, 1978, pI. 3, fig. 1). 
Judging from these morphological points, Heothema might 
be one of the primitive bunoselenodont anthracotheres. 
For specific division of Heothema, we folIow the grouping 
by Ducrocq (1999, p. 121), who recognized two species, 
Heothema bellia and Heothema chengbiensis. 

Huananothema imparilica was described as a new genus 
and species of the Anthracotheriidae by Tang (1978) based 
on an upper molariform tooth from the late Eocene Naduo 
Formation, which also yields Heothema. According to 
Tang (1978), the type and unique material of 
Huananothema imparilica (lVPP V4964) is an upper 
molar, and therefore this species is identified by its upper 
molar having an anterior buccolingual width less than its 
posterior buccolingual width, in contrast to other 
anthracotheres (in the upper molars of all other 
anthracotheres, the anterior buccolingual width is greater 
than the posterior buccolingual width). However, this fea­
ture in IVPP V 4964 is a typical dP' morphology of large 
anthracotheres as seen in DMR TF 2901, a right dP' of 
Anthracotherium chaimanei from the Krabi basin of 
Thailand (Ducrocq, 1999, pI. 5, fig. B), and also in NMMP­
KU 0327, an upper dental specimen of the Pondaung 
Anthracotherium (Figure 3C). Therefore, IVPP V4964 is 
dP', so that the diagnosis of Huananothema imparilica by 
Tang (1978) is invalid. By comparing its size and mor­
phology with those of anthracotheres from the Naduo 
Formation, we consider that IVPP V 4964 is a dP' of 
Heothema chengbiensis. Therefore, we synonymize both 
the genus Huananothema and species Huananothema 
imparilica to genus Heothema and species Heothema 
chengbiensis, respectively. 

The materials of Probrachyodus are poor. Russell and 
Zhai (1987, p. 130) mentioned that this genus may be in­
separable from Anthracokeryx (that is, Anthracotherium or 
the same genus as Anthracokeryx sinensis). However, the 
upper molars of Probrachyodus show bunoselenodonty, so 
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that this species differs from Anthracotherium, which com­
prises bunodont anthracotheres. Probrachyodus is distinct 
from Anthracokeryx sinensis and also further from 
Anthracotherium in having more lingually procumbent 
molar paracone and metacone. Therefore, we consider this 
genus a valid one. Probrachyodus panchiaoensis was de­
scribed from the middle Eocene Lumeiyi Formation 
(Yunnan, Lunan basin, southern China) by Xu (1962). 
Probrachyodus? sp. nov. was cited in the middle Eocene 
Dongjun Formation (Guangxi, southern China) by Ding 
et at. (1977). 
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Appendix. Dental measurements (in mm) of the Pondaung Anthracotherium used in this paper (Figures 7 -9). Abbreviations: L, anteroposterior 
length; W, buccolingual width; *, estimate; [] (square bracket), the data are from the literature (PilgIim and Cotter, 1916; Pilgrim, 1928; Colbert, 1938). 

Upper dentition 

Specimen 
Taxa 

P3! P3! P4! P4! MIl MIl M2! M2! M3! M3! 
number L W L W L W L W L W 

NMMP-KU 0053 A. birmanicum 14.1 10.1 10.4 12.5 13.8 15.0 17.7 19.8 19.2 21.6 

NMMP-KU 0056 A. sp. cf. A. crassum 23.0 26.6 28.1 31.2 
NMMP-KU 0066 A. tenuis 10.8 11.4 
NMMP-KU 0067 A. sp. cf. A. crassum 12.1 16.1 
NMMP-KU 0070 A. birmanicum 20.2 23.2 

NMMP-KU 0071 A. sp. cf. A. crassum 15.1 16.4 
NMMP-KU 0074 A. sp. cf. A. pangan 13.9 18.3 
NMMP-KU 0081 A. birmanicum 19.2 23.4 

NMMP-KU 0082 A. birmanicum 19.4 22.6 

NMMP-KU 0083 A. birmanicum 19.1 23.3 
NMMP-KU 0103 A. pangan 15.9 21.2 
NMMP-KU 0105 A. sp. cf. A. crassum 11.0 15.0 
NMMP-KU 0106 A. sp. cf. A. birmanicum 13.7 9.9 
NMMP-KU 0122 A. sp. cf. A. birmanicum 17.1' 12.2 12.5 16.6 15.2 16.5 
NMMP-KU 0128 A. sp. cf. A. birmanicum 21.9 22.7' 

NMMP-KU 0215 A. sp. cf. A. birmanicum 14.9 11.6 
NMMP-KU 0216 A. sp. cf. A. crassum 24.1 28.0 
NMMP-KU 0275 A. pangan 38.3 45.0 
NMMP-KU 0284 A. sp. cf. A. birmanicum 23.3 25.3 

NMMP-KU 0325 A. tenuis 10.5 10.7 
NMMP-KU 0328 A. pangan 35.6 37.0 
NMMP-KU 0329 A. pangan 27.7 31.6 36.2 41.8 

NMMP-KU 0379 A. tenuis 13.7 15.3 
NMMP-KU 0380 A. tenuis 8.5 9.7 
NMMP-KU 0385 A. tenuis 8.4 9.8 
NMMP-KU 0387 A. tenuis 9.5 10.0 
NMMP-KU 0388 A. tenuis 10.0 10.0 
NMMP-KU 0389 A. tenuis 10.5 10.7 
NMMP-KU 0401 A. sp. cf. A. birmanicum 22.8 25.8 
NMMP-KU 0403 A. sp. cf. A. crassum 29.1 30.9 
NMMP-KU 0404 A. sp. cf. A. pangan 34.2 36.4 
NMMP-KU 0407 A. sp. cf. A. pangan 34.1 36.5 
NMMP-KU 0408 A.pangan 28.1 30.0 
NMMP-KU 0409 A. sp. cf. A. crassum 27.4 32.9 
NMMP-KU 0410 A. sp. cf. A. crassum 20.2 25.1' 24.0 29.6 
NMMP-KU 0411 A. sp. cf. A. crassum 29.8 31.7 
NMMP-KU 0412 A. pangan 35.3 38.9 
NMMP-KU 0413 A. crassum 12.6 15.7 16.8 17.7 21.0 23.6 
NMMP-KU 0414 A. sp. cf. A. crassum 17.4 19.1 25.7 28.0 
NMMP-KU 0452 A. sp. cf. A. crassum 27.9 33.0 
NMMP-KU 0453 A. birmanicum 19.2 22.1 
NMMP-KU 0454 A. birmanicum 19.6 21.8 
NMMP-KU 0455 A. tenuis 9.3 7.0 6.7 8.5 
NMMP-KU 0459 A. sp. cf. A. crassum 25.6 29.9 
NMMP-KU 0463 A. sp. cf. A. birmanicum 22.3 24.5' 

NMMP-KU 0476 A. sp. cf. A. pangan 15.4 18.4 
NMMP-KU 0480 A. pangan 17.3 21' 

NMMP-KU 0500 A. birmanicum 12.2 9.7 10.1 13.1 
AMNH 20011 A. crassum 16.5' 11.3 11.3 14.5 16.0 17.3 20.0 23.3 23.7 24.8 
AMNH 20015 A. birmanicum 20.0 23.3 
AMNH 20017 (right) A. tenuis 8.4 10.0 12.0 13.5 14.7 16.3 
AMNH 20017 (left) A. tenuis 10.8 7.6 8.2' 9.6 8.8 10.2 11.9 13.5 14.9 16.1 
AMNH 20024 A. crassum 20.0' 22.5' 24.0' 25.5 
AMNH 20027 A. crassum 12.5' 17.6 16.0 18.9 19.9 24.9 26.3 28.4 
AMNH 32525 A. crassum 13.0 16.2 17.3' 18.9 
AMNH 32526 A. pangan [24] [29] 32.3 36.5 
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Specimen 
Taxa 

P31 P31 P41 P41 Mil Mil M21 M21 M31 M31 
number L W L W L W L W L W 

GSI8603 A. crassum 21.2 25.4 
GSI8604 A. crassum 15.6 11.2 
GSI8608 A. pangan 24.6 20.4 
GSI8609 A. pangan 32.8 34.8 
GSI8610 A. pangan 26.3 30.3 
GSI861I A. crassum 14.4 18.8 
GSI8615 A. crassum (type) 21.7 25.1 27.6 31.2 
GSI8616 A. pangan 15.9 19.9 
GSI8618 A. pangan 24.2 19.3 
GSI8619 A. pangan (type) 27.1 30.0' 34.0 36.4 
GSI8621 A. birmanicum (type) 14.6 9.6 9.3' 11.8 13.0' 14.0' 15.0 16.8 16.7 19.0 
GSI8622 A. tenuis 12.1 12.9 14.6 15.6 
GSI8625 A. tenuis (type) 9.7 9.5 
GSI8748 A. pangan 21.5' 21.2' 16.2 22.3 
GSI8750 A. pangan [28.1] [30.8] 36.4 38.4 
GSI8752 A. pangan 33.4 39.8 
GSI 8756 (right) A. tenuis 11.6 7.2 8.9 10.4 8.5 10.7 11.9 13.5 15.6 17.0 
GSI 8756 (left) A. tenuis 9.2 10.4 8.9 10.7 12.3 13.5 
GSI8763 A. crassum 27.6' 30.0' 

Lower dentition 

Specimen 
Taxa 

P/3 P/3 P/4 P/4 MIl MIl MI2 MI2 M/3 M/3 
number L W L W L W L W L W 

NMMP-KU 0052 A. tenuis 10.6 5.1 9.1 5.8 12.0 7.3 19.0 8.3 
NMMP-KU 0062 A. sp. cf. A. crassum 27.1 19.8 
NMMP-KU 0063 A. tenuis 9.1 5.9 
NMMP-KU 0077 A. sp. cf. A. crassum 43.1 23.5 
NMMP-KU 0079 A. sp. cf. A. birmanicum 16.2 7.0 
NMMP-KU 0086 A. sp. cf. A. crassum 15.5 8.2 
NMMP-KU 0087 A. sp. cf. A. crassum 38.8' 22.3 
NMMP-KU 0093 A. tenuis 18.2 8.7 
NMMP-KU 0107 A. tenuis 11.5 5.0 
NMMP-KU 0113 A. tenuis 10.5 5.3 
NMMP-KU 0116 A. sp. cf. A. birmanicum 14.8 7.8 18.2' 12.9 
NMMP-KU 0125 A. birmanicum 15.5 5.7 13.5 704 17.9 12.6 
NMMP-KU 0263 A. tenuis 20.1 10.1 
NMMP-KU 0267 A. tenuis 9.2 5.9 11.2 7.3 
NMMP-KU 0274 A. crassum 19.9 9.7 18.5 11.5 17.7 ' 12.5' 
NMMP-KU 0306 A. sp. cf. A. pangan 22.8 9.6 
NMMP-KU 0307 A. sp. cf. A. pangan 18.3 11.3 
NMMP-KU 0330 A. crassum 24.3 18.2 39.2 21.5 
NMMP-KU 0331 A. crassum 24.4 17.3 
NMMP-KU 0332 A. birmanicum 28.2 14.5 
NMMP-KU 0399 A. tefluis 19.3 8.2 
NMMP-KU 0415 A. sp. cf. A. crassum 42.4 23.8 
NMMP-KU 0417 A. sp. cf. A. crassum 40' 21.7 
NMMP-KU 0418 A. pangan 31.2 26.3 
NMMP-KU 0421 A. crassum 17.3 11.9 
NMMP-KU 0422 A. tenuis 11.7 8.2 20.0' lOA 
NMMP-KU 0423 A. tenuis 18.3 9.0 
NMMP-KU 0424 A. crassum 38.5 19.9 
NMMP-KU 0426 A. crassum 23.3 ' 18.2' 39.5' 21.0' 
NMMP-KU 0427 A. sp. cf. A. crassum 41.6 2204 
NMMP-KU 0429 A. crassum 24.3 16.3 37.7 20.0 
NMMP-KU 0430 A. birmanicum 16.5 6.6 14.3 7.8 
NMMP-KU 0432 A. sp. cf. A. crassum 15.7 8.2 
NMMP-KU 0433 A. pangan 19.9 11.3 
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Specimen 
Taxa 

P/3 P/3 P/4 P/4 MIl MIl M/2 M/2 M/3 M/3 
number L W L W L W L W L W 

NMMP-KU 0434 A. pangan 17.7 12.6 
NMMP-KU 0435 A. crassum 16.8 9.1 
NMMP-KU 0457 A. crassum 38.4 19.0 
NMMP-KU 0458 A. tenuis 9,9' 6.3 13.4 8.7 
NMMP-KU 0465 A. tenuis 22.6 11.2 
NMMP-KU 0466 A. tenuis 12.2 7.7 
NMMP-KU 0468 A. crassum 18.4 12.5 
NMMP-KU 0470 A. tenuis 11.3 7.3 20.5 9.4 
NMMP-KU 0478 A. birmanicum 10.3 6.4 12.9 8.3 
NMMP-KU 0505 A. sp. cf. A. crassum 15.8 8.6 
AMNH 20006 A. pangan 49.5' 27.0 
AMNH 20011 (right) A. crassum 16.7 7.2 16.5 9.2 16.8' 12.2 20.5 15.4 31.9 17.3 
AMNH 20011 (left) A. crassum 32.4 17.3 
AMNH 20015 (right) A. birmanicum 29.0' 14.9 
AMNH 20015 (left) A. birmanicum 28.4 15.0 
AMNH 20017 (right) A. tenuis 10.5' 4.9 10.2' 5.5 8.4 6.1 11.4 ' 7.7 20.0 9.0 
AMNH 20017 (left) A. tenuis 10.6 4.8 10.0 5.5 8.6 6.0 11.4 7.6 19.7 9.3 
AMNH 20028 A. crassum 18.6 8.2 17.2 9.8 
AMNH 20029 A. crassum 37.9 19.9 
AMNH 32522 A. crassum 18.7 13.2 23.5' 15.5' 
aSI8605 A. birmanicum [14.9] [5.8] 14.3 7.7 14.0 9.5 18.0 13.4 29.7 16.0 
aSI8607 A. pangan 52.7 29.7 
aSI8612 A. crassum [10.8] [16.7] [11.8] [23.7] [17.4] 
aSI8613 A. crassum 38.2 20.5 
aSI8614 A. crassum 21.3 9.8 
aSI8617 A. pangan 19.3 12.4 19.5' 16.5' 26.1 21.9 36.7 22.2 
aSI8620 A. pangan 47.7 24.5 
aSI8626 A. tenuis 9.2 6.0 
aSI8627 A. tenuis 11.7 7.4 18.0 8.7 
aSI8745 A. pangan 24.1 12.7 21.7 14.1 21.5' 15.0' 30.8 21.9 
aSI8751 A. crassum 19.8 9.9 19.7 11.3 16.8 12.9 23.9 18.8 39.2 21.8 
aSI8755 A. tenuis [11.7] [4.3] 11.3 5.6 9.3 6.4 11.6 8.1 21.0 9.4 
aSI8760 A. tenuis [9.1] [5.2] 
aSI8761 A. tenuis 11.9 3.9 
aSI8767 A. birmanicum 12.9 7.0 12.9 9.9 15.5 11.8 
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Introduction and geologic setting 

Middle to Upper Permian strata in the Southern Kitakami 
Mountains, Northeast Japan, contain a relatively diverse 
orthoconic cephalopod assemblage. Although they were 
the subject of investigations by Hayasaka (1924), Shimizu 
and Obata (1936), Ouchi (1971) and Koizumi (1975), infor­
mation from the Southern Kitakarni Mountains has been ig­
nored in modem cephalopod taxonomy owing to a lack of 
adequate illustrations and descriptions. Knowledge of 
Middle to Late Permian orthoconic cephalopods is very 
limited and comes mainly from the Peri-Gondwana region 
that includes Iran (e.g., Teichert and Kummel, 1973), 
Oman (Niko et aI., 1996), the Salt Range (Waagen, 1879), 
Timor (Haniel, 1915), and the South China region (e.g., 
Zhao et aI., 1978). Revision of the Kitakarni fauna, there­
fore, may be of phylogenetic and paleobiogeographic im­
portance. In view of this, the present study focuses on 
orthocerid species from the Kamiyasse area, Miyagi 
Prefecture, and an adjoining area to the north in Iwate 
Prefecture (Figure 1). The repository for these specimens 
is the University Museum of the University of Tokyo 
(UMUT). 

In an earlier geologic study, Tazawa (1973) investigated 
the Kamiyasse area, and elucidated the detailed litho­
stratigraphy of the Permian deposits as the Sakamotozawa, 
Kanokura and Toyoma series. With the exception of the 
lowest, carbonate-rich strata assigned to the Nakadaira 
Formation, most of these series were synthesized and as­
signed in the subsequent works of Ehiro (1974, 1977) to the 
Ochiai Formation (Onuki, 1969), from which the present 
cephalopod specimens were coIlected. The Ochiai 
Formation is divisible into three members: the Toyazawa 

Member (Ehiro, 1977), consisting of sandstone interbedded 
with calcareous shale and impure limestone layers, repre­
sents the middle part of the formation, whereas the un­
named lower and upper members are mainly massive shale 
with minor amounts of conglomerate, sandstone and lime­
stone. 

Systematic paleontology 

Order Orthocerida Kuhn, 1940 
Superfamily Orthoceratoidea M'Coy, 1844 

Family Brachycycloceratidae Furnish, Glenister 
and Hansman, 1962 

Genus Brachycycloceras Miller, 
Dunbar and Condra, 1933 

Type species. - Brachycycloceras normale Miller, 
Dunbar and Condra, 1933. 

Brachycycloceras sp. 

Figure 2.1, 2.2 

Description.-Single, deformed orthocone, 56 mm in 
length, consisting of annulated, apical phragmocone with 
gently curved (exogastric?) apical shell; sheIl expansion 
rapid for orthoceratids. Prominent annulations form 
rounded to bluntly pointed crests and deep interspaces that 
appear as rounded concavities in longitudinal profile; 
annulations quite oblique, slope toward dorsal (?) side. 
Except for weak dorsal (?) sinus, sutures run roughly paral­
lel to annulations. 

Discussion. - No siphuncular structure is preserved in 
this specimen. However, its rapidly expanded shell with 
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Figure 1. Index map of fossil localities in the Southern 
Kitakami Mountains (inset), using the I :25,000 map of "Shishiori" 
published by the Geographical Survey Institution. 

gently curved apical part and strongly prominent annula­
tions warrant generic assignment to Brachycycloceras. In 
addition to Brachycycloceras sp. from the Early Permian of 
western Australia (Teichert, 1951) and B. rustaqense Niko, 
PiIIevuit and Nishida, 1996, from the Wordian (Middle 
Permian in a three-fold division) of the central Oman 
Mountains, this discovery represents the third Permian oc­
currence of the genus. 

Material examined and occurrence.-UMUT PM 28065. 
This specimen was recovered as float from shale in the 
Funaochi-zawa Valley at locality KA-l (Figure 1). 
Judging from the lithofacies of the matrix, the geology 
around this locality, and the associated ammonoid fauna, it 
was probably derived from the middle - upper portion 
(Roadian-Wordian; Middle Permian) of the lower member 
of the Ochiai Formation. 

Family Geisonoceratidae Zhuravleva, 1959 
cf. Geisonoceratid, genus and species uncertain 

Figure 2.4, 2.7 

Discussion. - A deformed body chamber of an ortho­
conic shell, 115 mm in length, is available for this study. 
This specimen is tentatively considered to be a geisono­
ceratid, because of the characteristic ornamentation of its 
transverse ridges that indicates asymmetrical (steep side to­
wards aperture) longitudinal profiles, and because of the 
absence of a shell constriction. Similar ornamentation is 
also known to occur in some Carboniferous bactritoids, 
such as Ctenobactrites isogramma (Meek, 1871; Sturgeon 
et al., 1997, pI. 1-1, figs. 8 .. 11, pI. 1-42, fig. 3) and 
Bactrites peytonensis Mapes (1979, pI. 8, figs. 7, 11), al­
though characteristic dorsal carina and/or well-developed 
wrinkle-layer of ornamented bactritoids are not recognized 
in this specimen. 

Material examined and occurrence.-UMUT PM 28066. 
This specimen was recovered as float in talus deposits of 
shale located on a tributary of the Kuro-sawa Valley (local­
ity KA-2), where the upper member is exclusively distrib­
uted. Based on ammonoids collected near this locality, 
Ehiro and Araki (1997) inferred a late Capitan ian (Middle 
Permian) age for the cephalopod-bearing shale of the lower 
part of the upper member of the Ochiai Formation. 

Superfamily Pseudorthoceratoidea Flower 
and Caster, 1935 

Family Pseudorthoceratidae Flower and Caster, 1935 
Subfamily Spyroceratinae Shimizu and Obata, 1935 

Genus Lopingoceras Shimanskiy in Ruzhentsev, 1962 

Type species.-Orthoceras lopingense Stoyanow, 1909. 
Other included species. - Lopingoceras acutanolatum 

Zhao, Liang and Zheng, 1978; L. cf. acutanolatum (this 
report); L. bicinctum (Abich, 1878); L. cyclophorum 
(Waagen, 1879); L. guangdeense Zhao, Liang and Zheng, 
1978; L. hayasakai Niko and Ozawa, 1997; L. margarita­
tum (Abich, 1878); L. maubesiense (Haniel, 1915); L. ? 
obliqueannulatum (Waagen, 1879); L. sp. (Teichert et aI., 
1973), and L. sp. (Zheng, 1984). 

Range.-Known from the late Gzhelian (Late Carbon­
iferous)-early Asselian (Early Permian) boundary through 
the Changhsingian (Late Permian). 

Diagnosis.-Early juvenile shell gently curved, nonan­
nulated with transverse surface lirae. See Shimanskiy in 
Ruzhentsev (1962, p. 90) for diagnosis of adult shell, which 
we accept. 

Discussion. -The distinction between Lopingoceras and 
the Early Carboniferous genus Cycloceras (M'Coy, 1844; 
type and only reliably included species, Orthoceras 
laevigatum M'Coy, 1844, see Histon, 1991, and BZN 50, 
1993, opinion 1720) has long been plagued by an inade­
quate description of the latter's type species. Except for dif­
ferences in age range, the former differs from the latter 
only in the shape of annulations, i.e., Cycloceras having 
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Figure 2. I, 2. Brachycycloceras sp., UMUT PM 23065 . I, lateral view of silicone rubber cast, venter on left (?), x2; 2, external mold with 
steinkern of apical shell, note gently curved shell and sutures , venter on right (?), x3. 3. Orthocerid, superfamily, family, genus and species uncer­
tain , UMUT PM 28068, side view, x2. 4,7. Cf. geisonoceratid, genus and species uncertain, UMUT PM 28066. 4, details of surface ornamenta­
tion, silicone rubber cast, x2; 7, steinkern, side view, xl. 5, 6, 8, 9. Lopingoceras cf. acutanolatum Zhao, Liang and Zheng, 1978, UMUT PM 
28067, silicone rubber cast. 5, dp.tails of early juvenile shell, x4; 6, detail s of ornamentation of nonannulated part, x5; 8, side view, x2; 9, details of 
annulations, note triangular longitudinal profiles , x5. 

contiguous annulations with equally rounded crests and 
interspaces, whereas in Lopingoceras the annulations are 
more or less distant in spacing and have triangular profiles . 
Whether these external differences are of supraspecific 

rank seems questionable in modern taxonomy. The 
Kitakami material described herein includes the first known 
example of an early juvenile shell of Lopingoceras, whose 
characters add to the generic concept. The taxonomic 
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problem will be solved when the apical shell morphology 
and internal structure of Cycloceras laevigatum are known 
well enough for comparison with the newly refined diagno­
sis of Lopingoceras. 

Lopingoceras cf. acutanolatum Zhao, 
Liang and Zheng, 1978 

Figure 2.5, 2.6, 2.8, 2.9 

Compare with.-
Lopingoceras acutanolatum Zhao, Liang and Zheng, 1978, p. 63, 

64, pi. 31, figs. 11, 12, pi. 33, figs. 3,4. 

Description. -This species represented by a single exter­
nal mold of gradually expanded shell, 65 mm in length, 
whose adoral part is strongly deformed, with no internal 
structure preserved; adoral end attains approximately 4 mm 
(reconstructed as circular cross section) in shell diameter. 
Nonannulated early juvenile shell gently curved, with cir­
cular cross section and transverse lirae; this nonannulated 
part, approximately 21.5 mm in length, followed by mo­
notonously annulated shell where lirae disappear; embry­
onic shell may be cone-shaped; annulations may be roughly 
transverse with wide spacing for genus, with triangular 
longitudinal profiles and pointed crests; there are 1 - 2 
annulations in corresponding reconstructed shell diameter; 
interspaces probably weakly depressed. 

Discussion. - The annulation shape and spacing of the 
present specimen strongly resemble Lopingoceras 
acutanolatum from the Wuchiapingian (Late Permian) 
Laoshan Shale in South China. Nevertheless, since L. 
acutanolatum is described from fragmentary specimens and 
its apical shell morphology is unknown, the Kitakami 
specimen is only provisionally assigned to this species. 
Comparison between Lopingoceras cf. acutanolatum and 
figured specimens from the Ochiai Formation cited as 
Lopingoceras ? sp. by Koizumi (1975) is impossible. 
Judging from his illustrations (Koizumi, 1975, pI. 4, figs. 4, 
5), the specimens are inadequate for systematic treatment 
because of poor preservation. 

Material examined and occurrence.-UMUT PM 28067. 
This specimen was collected from a float block of shale in 
the riverbed of the Nidano-sawa Valley at locality KA-4. 
The exact stratigraphic horizon from which this block was 
derived is unknown, but it is highly likely that this block 
came from the middle part of the Toyazawa Member of the 
Ochiai Formation, based on its lithofacies and collected lo­
cality. Thus, this specimen is considered to be of Wordian 
(or Capitanian) age. 

Superfamily, family, genus and species uncertain 

Figure 2.3 

Discussion. - A fragmentary specimen of a deformed 
orthoconic shell, 22 mm in length, shows transverse lirae 
that consist of alternating strongly prominent and less 
prominent ridges. Similar ornamentation occurs in several 
post-Carboniferous orthocerid genera; such as the 
orthoceratid Trematoceras (Eichwald, 1851), the 
geisonoceratid Pseudotemperoceras (Stschastlivtseva, 
1986), and the pseudorthoceratid Dolorthoceras (Miller, 
1931). No internal structures are preserved in the present 
specimen, so it cannot be identified even to the superfamily 
level. 

Material examined and occurrence.-UMUT PM 28068. 
Same as the specimen above assigned to cf. geisonoceratid, 
genus and species uncertain. 
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INDEX OF GENERA AND SPECIES 
(vol. 5, no. I-vol. 6, no. 4: 2001-2002 ) 

Genera and species described in volumes 5-6 of Paleontological Research are listed in alphabetical order. The volume 
number, part number (in parentheses), page numbers, and figure numbers are given for each taxon. Newly proposed taxa 
are in bold type. 
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Acanthocythereis jujinaensis .......... 6( 1), 5, figs. 5, 7 Belbekella . ............................... 5(4), 326 
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Acila (Acila) kiiensis . ................. 6(3), 261, fig. 3 Brachycycloceras sp ..................... 6(4), ? fig. 2 
Acila (Truncacila) cf. nagaoi .......... 6(2), 136, fig. 5 Brazilea scissa . ....................... 6( 1), 34, fig. 7 
Agathammina cf. pusilla ................ 6(4), ?, fig. 9 Brevitriletes levis . ..................... 6(1), 27, fig. 3 
Agathammina? sp ....................... 6(4), ?, fig. 9 Bseptatoechia inflata . ................. 5(4), 325, fig. 4 
Agathiceras uralicum ................ 5(3), 207, fig. 6 Buccinum aomoriensis ................ 5(3), 220, fig. 3 
Alispiriferella japoniea . ............... 5(4), 300, fig. 8 Buccinum bulimiloideum .............. 5(3), 218, fig. 2 
Alispiriferella ordinaria .............. 5(4),300, fig. 8 Buccinum inclytum .................. 5(3), 220, fig. 3 
Almerarhunchia .......................... 5(4), 326 Buccinum middendorffi ............ 5(3), 218, figs. 2, 3 
Almerarhynchia pocoviana ............ 5(4), 328, fig. 5 Buccinum ochotense . ............. , ... 5(3), 218, fig. 2 
Alveolophragmium sp ................. 6(2), 162, fig. 9 Buccinum rhodium ................... . 5(3),220, fig. 3 
Ambtonia obai ....................... . 6(1),88, fig. 3 Buecinum saitoi .................... 5(3), 218, fig. 2 
Ambtonia shimanensis .................. 6(1), 5, fig. 5 Buecinum shibatense ................ 5(3),218, fig. 2 
Ambtonia takayasui .................... 6(1),5, fig. 5 Buccinum sinanoense ................ 5(3), 220, fig. 3 
Ammobaculites sp ..................... 6(2), 162, fig. 9 Buccinum striatissimum . ............... 5(3), 218, fig. 2 
Ammodiscus sp ....................... 6(2), 158, fig. 7 Buccinum tsubai .................... 5(3), 218, fig. 2 
Amphileberis nipponica ................ 6(1), 90, fig. 5 Buccinum unuscarinatum .............. 5(3), 220, fig. 3 
Ancistrolepis fragilis var ............... 5(3), 220, fig. 3 Budashevaella sp. aff. B. multicamerata . . 6(2), 158, fig. 7 
Anemonaria sublaevis ................ 6(3), 290, fig. 4 Budashevaella symmetrica ............ 6(2), 158, fig. 7 
Angulogerina hannai ................ 6(2), 164, fig. 10 Buettneria howardensis . ............... 6(1), 55, fig. 13 
Angulus maximus . ................. 6(1), 108, figs. 7, 9 Buettneria maleriensis ............. . 6(1), 43, figs. 1-16 
Anodonta woodiana ................ 5(1), 34, figs. 1-2 Bulimina schwageri . ................. 6(2), 164, fig. 10 
Anthracohyus choeroides ............... . 6(4), ? fig. 10 Burrirhunchia ............................ 5(4), 326 
Anthracotherium .................... 6(4), ? figs. 3-6 Burrirhynchia leightonensis ......... . 5(4), 322, figs. 2, 5 
Area (Area) uedai . ................... 6(2), 136, fig. 5 
Artioceras rhipaeum .................. 5(3), 204, fig. 3 C 
Auria munechikai .................... 6( 1), 90, fig. 5 
Aurila sp ........................... 5(4),247, fig. 5 Calamospora sp. cf. C. sinuosa ... ....... 6(1),27, fig. 3 
Aurila spinifera ...................... 6( 1), 88, fig. 3 Callistocythere alata .................. 6( 1), 88, fig. 3 
Australimoosella tomokoae . ............. 6( 1), 90, fig. 5 Callistocythere asiatica ................ 6(1), 88, fig. 3 

Callistocythere hatatatensis ............ 5(4), 247, fig. 5 
B Callistocythere hayamensis . ............. 6(1), 88, fig. 3 

Callistocythere japonica ................ 6(1),6, fig. 6 
Bactrites nagatoensis . ................. 5(2), 117, fig. 2 Callistocythere kotorai ............... . 5(4),247, fig. 5 
Bactrites sp. . ....................... 5(2), 117, fig. 2 Callistocythere kyongjuensis . ............. 6(1), 6, fig. 6 
Bairdia beraguaensis . ................. 6(2), 198, fig. 2 Callistocythere sp ... " ................ 5(4), 247, fig. 5 
Bandicota bengalensis . ............... 6(3), 249, fig. 11 Callistocythere sp. . ................... 6(1), 88, fig. 3 
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Callistocythere undata ..............•. 6(1), 88, fig. 3 Cretirhunchia bohemica .............. 5(4),325, fig. 4 
Calyptraea sp. .. .................... 6(2), 136, fig. 5 Cretirhynchia ............................ 5(4),323 
Cameleolopha (Hyotissocameleo) tissoti ............. . Cretirhynchia aff. cuneiformis . ......... 5(4), 324, fig. 3 
............................ 5(2), 78, figs. 2, 3, 5, 7 Cretirhynchia bohemica .............. 5(4), 325, fig. 4 

Campages sp. .. ...................... 5(2), 90, fig. 3 Cretirhynchia exsculpta . ............... 5(4), 324, fig. 3 
Cancrinella cf. spinosa . ............... 5(4), 290, fig. 6 Cretirhynchia minor . ...........•..... 5(4),324, fig. 3 
Cancrinella? cancrini ................ 6(3), 290, fig. 4 Cretirhynchia plicatilis ............... . 5(4),322, fig. 2 
Cannanoropollis densus ................ 6( 1), 34, fig. 7 Cretirhynchia sp ..................... 5(4),324, fig. 3 
Cannanoropollis korbaensis ............ 6( 1), 32, fig. 6 Cretirhynchia sp ..................... 5(4), 324, fig. 3 
Capillomesolobus sp ................... 5(4), 290, fig. 6 Cribroelphidium ishikariense . ......... 6(2), 155, fig. 11 
Carthaginites .............................. 6(4), ? Cribroelphidium sorachiense . ......... 6(2), 155, fig. 11 
Carthaginites asiaticus ....•............. 6(4), ? fig. 1 Cribroelphidium sp ................... 6(2), 168, fig. 12 
Carthaginites yamashitai . ............. 6(4), ? figs. 2-3 Cribrostomoides sp. cf. C. cretacea . ..... 6(2), 158, fig. 7 
Carwinula sp ......................... 6( 1), 90, fig. 5 Crimites subkrotowi .................. 5(3), 207, fig. 6 
Cetotheriidae gen. et sp. indet ..... 6(2), 180, figs. 1, 2, 5 Cristatisporites inconstans .............. 6( 1), 30, fig. 5 
Chasmagnathus convexus ............. . 5(4),264, fig. 2 Cryptoseptida sp ....................... 6(4), ?, fig. 9 
Chilostomella ovoidea ................ 5(3), 194, fig. 1 Cultellus izumoensis .............. 6(1), 108, figs. 7, 9 
Chlamys (Leochlamys) namigataensis ............... . Curvemysella paula .... ................ 5(1), 67, fig. 7 
................................ 6(2), 136, figs. 5, 6 Cushman idea bhatiai . ................. 6(2), 200, fig. 3 
Chlamys acroporicola . ................. 5(1), 65, fig. 5 Cyclammina ezoensis ................ 6(2), 162, fig. 9 
Chlamys sp ....................... 6(1), 107, figs. 6, 7 Cyclammina pacifica ................ 6(2), 162, fig. 9 
Cibicides elamaensis ................ 6(2), 155, fig. 11 Cyclammina sp ....................... 6(2), 162, fig. 9 
Cibicides sp. . ..................... 6(2), 155, fig. 11 Cyclammina sp. aff. C. pusilla ...•..... . 6(2), 162, fig. 9 
Cibicidoides pseudoungerianus . ......... 5(3), 194, fig. 1 Cyclocardia sp ....................... 6(2), 138, fig. 6 
Cibolaites molenaari .................. 5(1), 46, fig. 1 Cyclogranisporites minutus . ............. 6(1), 27, fig. 3 
Cinnalepeta pulchella . ........•........ 5( 1), 27, fig. 6 Cyclograpsus intermedius ....... ... 5(4), 263, figs. 1,2 
Cirbroelphidium wakkanabense ....... . 6(2), 168, fig. 12 Cyclothyris .............................. 5(4), 323 
Cistecephaloides boonstrai . ........... 5(3), 187, fig. 11 Cyclothyris aff. difformis .............. 5(4),321, fig. 1 
Cistecephalus microrhinus . ....... 5(3), 179, figs. 2, 8-11 Cyclothyris antidichotoma . ............. 5(4), 322, fig. 2 
"Clavulina" sp ....................... 6(2), 162, fig. 9 Cyclothyris difformis ................ 5(4),321, fig. 1 
Cletocythereis sp. . ................... 6( 1), 88, fig. 3 Cycothyris antidichotoma . ............. 5(4), 322, fig. 2 
Cluthia subjaponica . ................. 6(1), 5, figs. 5, 6 Cythere omotenipponica .............. 5(4), 247, fig. 5 
Cluthia tamayuensis ................ 6(1), 5, figs. 5, 6 Cytherella mohani. ... ................ 6(2), 198, fig. 2 
Colaniella parva ...................... 6(4), ?, fig. 8 Cytherella sp ......................... 6(2), 198, fig. 2 
Collignoniceras praecox ...•. ..•........ 5(1), 46, fig. 1 Cytherelloidea bhatiai ................ 6(2), 198, fig. 2 
Collignoniceras woollgari regulare ...... 5( 1), 46, fig. 1 Cytheromorpha acupunctata ....•....... 6( 1), 88, fig. 3 
Collignoniceras woollgari woollgari . ..... 5(1), 46, fig. 1 Cytheromorpha godavariensis . ......... 6(2), 198, fig. 2 
Compressoproductus comiformis . ...•... 6(3), 290, fig. 4 Cytheropteron cf. sawanense .......... 5(4),247, fig. 5 
Comucoquimba moniwensis ..... ....... 5(4),247, fig. 5 Cytheropteron kumaii . ................. 6(1), 94, fig. 8 
Comucoquimba saitoi ................ 5(4), 247, fig. 5 Cytheropteron miurense .............. 5(4),247, fig. 5 
Conquimba spp ....................... 5(4), 247, fig. 5 Cytheropteron subuchioi .............. 5(4),247, fig. 5 
Coptothyris grayi ................ 5(2), 90, figs. 3, 8, 9 Cytherura duddukuruensis sp. nov . ...... 6(2), 202, fig. 4 
Coquimba cf. ishizakii ......•......... 5(4), 247, fig. 5 Cytherura miii. ....................... 6(1), 90, fig. 5 
Coquimba sp ......................... 5(4), 247, fig. 5 
Comucoquimba moniwensis ........... . 5(4),247, fig. 5 D 
Comucoquimba saitoi ......•......... 5(4), 247, fig. 5 
Comucoquimba tosaensis .............. 6(1), 90, fig. 5 Daraelites elegans . ................... 5(3), 204, fig. 3 
Costabuntonia hartmanni .............. 6(2), 200, fig. 3 Darwinula sp ......................... 6( 1), 94, fig. 8 
Costatascyclus crenatus ................ 6(1), 32, fig. 6 Delectopecten sp. . ................... 6(2), 136, fig. 5 
Crassatella yabei .................. 6(1), 108, fig. 7, 9 Dendropoma .......................... 5( 1), 5, fig. 2 
Crassostrea sp ....................... 6(2), 138, fig. 6 Dendropoma annulatum ................ 5(1),4, fig. 1 
Cravenoceras incisum ................ 5(3), 205, fig. 4 Dendropoma sp ................... 5(1),4, figs. 1,3-6 
Crenatula nakayamai ............•..... 5( 1), 63, fig. 4 Dentalina sp. cf. D. subsoluta ........ 6(2), 164, fig. 10 
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Derbyia sp. . ....................... 5(4),294, fig. 7 Goniomya sp ......................... 5(2), 125, fig. 4 
Dielasma sp ......................... 5(4),300, fig. 8 Granulatisporites austroamericanus . ... 6(1), 27, figs. 3, 4 
Diplosphaera ............................ 5(2), 138 Grapsus albolineatus .............. 5(4), 264, figs. 1,2 
Diplosphaera hexagonalis . ............. 5(2), 133, fig. 2 Grapsus tenuicrustatus . ............... 5(4), 264, fig. 2 
Durrirhynchia leightonensis ........... . 5(4),322, fig. 2 Grasirhunchia ............................ 5(4), 326 
DzhulJoceras cf. furnishi .............. 5(2), 113, fig. 2 Grasirhynchia grasiana . ............... 5(4), 328, fig. 5 
DzhulJoceras sp. . ................... 5(2), 113, fig. 2 Grtapsus albolineatus ................ 5(4), 263, fig. 1 

Guttulina takyanagii ................ 6(2), 164, fig. 10 
E Gypospirifer volatilis ................. . 5(4), 300, fig. 8 

Echigoceras ................................ 6(4), ? H 
Echigoceras sasakii . ................. 6(4), ?, figs. 1-4 
Echinauris sp. . ..................... 6(3), 290, fig. 4 Hanaiborchella triangularis ........... . 5(4),247, fig. 5 
Ecnomiosa sp ......................... 5(2), 90, fig. 3 Haplophragmoides crassiformis ........ 6(2), 160, fig. 8 
Elphidium advenum .................. 5(3), 194, fig. 1 Haplophragmoides rugosus soyaensis .. .. 6(2), 160, fig. 8 
Emydops minor . ..................... 5(3), 184, fig. 7 Haplophragmoides tanaii . ............. 6(2), 160, fig. 8 
Emydops platyceps .............. 5(3), 179, figs. 2, 5-7 Haplophragmoides yokoyamai .......... 6(2), 160, fig. 8 
Enteletes sp ......................... 5(4),294, fig. 7 Haplophragmoidjes spp ............... 6(2), 160, fig. 8 
Entolium inequivalve . ................. 5(2), 125, fig. 4 Hapsicytheridea undulata ............ 6(2), 202, fig. 4 
Eolasiodiscus sp ....................... 6(4), ?, fig. 8 Haraiborchella triangularis . ........... 5(4), 247, fig. 5 
Epicanites loeblichi .................. 5(3), 205, fig. 4 Helice leachi .................... 5(4),264, figs. 1,2 
Eucytherura neoalae ................. . 5(4),247, fig. 5 Hemicythere kitanipponica ............ 5(4), 249, fig. 6 
Evolutinella subamakusaensis ....... " .6(2), 160, fig. 8 Hemicytherura cuneata ............... . 5(4),249, fig. 6 

Hemicytherura spp ..................... 6(1), 90, fig. 5 
F Hemigrapsus sanguinensis .......... 5(4), 264, figs. 1,2 

Hermanites posterocostatus ............ 5(4), 249, fig. 6 
FaIlaxoproductus moribuensis ........ 5(4), 294, fig. 7 Hermanites sastry;' ................... 6(2), 202, fig. 4 
Falsobuntonia hayamii . ...... , ...... 6(1), 88, figs. 3,5 Heterolepa poronaiensis . ............. 6(2), 155, fig. 11 
Falsocythere elongata ................ 6(2),202, fig. 4 Heterolepa subhaidingeri . ............. 5(3), 194, fig. 1 
Finmarchinellajaponica .............. 5(4),247, fig. 5 Holcopocythere bassiporosa . ........... 6(2), 200, fig. 3 
Fissurina sp. cf. F. marginata ........ 6(2), 164, fig. 10 Hornibrookella tewarii . ............... 6(2), 202, fig. 4 
Florinites occultus .................... 6(1), 32, fig. 6 Horriditriletes . ............................. 6( 1), 31 
Florinites sp. . ....................... 6(1), 30, fig. 5 Horriditriletes ramosus ................ 6(1), 27, fig. 3 
Frenulina . ........................... 5(2), 92, fig. 5 Horriditriletes ramosus ................ 6(1), 28, fig. 4 
Frenulina sanguinolenta .......... 5(2), 90, figs. 3, 8, 9 Horriditriletes uruguaiensis ............ 6(1), 27, fig. 3 
Frieleia halli ...................... 6(3),317, fig. 13 Horriditriletes uruguayensis ............ 6(1), 28, fig. 4 
Fursenkoina pauciloculata ............ 5(3), 196, fig. 2 Hourcquia hataii . ................. 5(2), 105, figs. 6-8 

Hourcquia ingens . ................. 5(2), 103, figs. 2-5 
G Hourcquia kawashitai ............ 5(2), 107, figs. 9-12 

Hustedia ratburiensis ................ 5(4), 300, fig. 8 
Galeomma cf. polita .................. 5( 1), 66, fig. 6 Hyotissocameleo .......................... 5(2), 83 
Girtyoceras meslerianum .............. 5(3), 205, fig. 4 Hypoturrilites ............................ 5(4), 229 
Glandulina laevigata ovata . ........... 6(2), 164, fig. 10 Hypoturrilites gravesianus ............ 5(4),230, fig. 1 
Globobulimina sp. . ................. 6(2), 164, fig. 10 Hypoturrilites komotai ................ 5(4), 232, fig. 3 
Globocassidulina globosa ............ 6(2), 164, fig. 10 Hypoturrilites nodiferus ............ 5(4), 236, figs. 6-7 
Globotruncana arca .................. 5(4), 280, fig. 4 Hypoturrilites wrighti . ............. 5(4), 230, figs. 1-2 
Globotruncana arca .................. 5(4), 280, fig. 4 Hypoturrilites yabei .................. 5(4), 235, fig. 5 
Globotruncana linneiana .............. 5(4), 280, fig. 4 
Glomospira sp ....................... 6(2), 158, fig. 7 I 
Glycymeris (Glycymeris) sp ............. 6(2), 136, fig. 5 
Glycymeris cisshuensis . ............... 6(1), 108, fig. 7 Illinites unicus . ....................... 6( 1), 34, fig. 7 
Golunda kelleri .................... 6(3), 250, fig. 12 Inoceramus teshioensis . ............... 5(2), 105, fig. 6 
Golunda tatroticus .............. 6(3), 250, figs. 12-15 Ishizakiella miurensis . ............... 6(1), 88, figs. 3, 5 
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Iso gnomon (Hippochaeta) hataii . ..... 6(2), 136, figs. 5, 6 Loxoconcha tumulosa . ........... 6(3), 270, figs. 4, 5, 9 
Isognomon (Hippochaeta) maxilatus ...... 5(1), 70, fig. 9 Loxoconcha uranouchiensis ............ 6(1), 90, fig. 5 
Ityophorus undulatus . ............... 6(1), 76, figs. 3, 4 Loxoconcha uranouchiensis . ........... 6(3), 266, fig. 1 

Loxoconcha viva .................. 6(1), 88, figs. 3, 5 
J Loxocorniculum sp ................... 5(4),249, fig. 6 

Lunucammina cf. palmata ....... ......... 6(4), ?, fig. 8 
lolonica nipponica . ............... 5(2), 90, figs. 3, 8, 9 
luresania cf. juresanensis . ............. 5(4),290, fig. 6 M 

K Mactra? sp. . ....................... 6(2), 138, fig. 6 
Maja ......... " ......................... 6(2), 213 

Kamurana? sp ......................... 6(4), ?, fig. 9 Maja tomidai .................. 6(2), 214, figs. 3,4,5 
Kaninospirifer sp ..................... 6(3), 290, fig. 4 Malleus anatinus (Gmelin) . ............. 5(1), 60, fig. 2 
Kawingasaurus tossilis .............. 5(3), 187, fig. 11 Malleus malleus (Linnaeus) ............ 5(1), 60, fig. 2 
Kixicibcga bizijuebsus ................ 5(4), 248, fig. 6 Mantellicerajaponicum ............... . 5(4),234, fig. 4 
Kobayashiina donghaiensis . ............. 6(1), 90, fig. 5 Marathonites invariabilis .............. 5(3), 206, fig. 5 
Kotoracythere abnonna . ............... 5(4),249, fig. 6 Mariella (Mariella) ........................ 5(3), 173 
Kotoracythere tsukagoshii ............ 6(1), 5, figs. 5, 6 Mariella (Mariella) aff. circumtaeniata . . 5(3), 175, fig. 11 
Krasnoyarichthys . ......................... 6(3), 322 Mariella (Mariella) cenomanensis . ..... 5(3), 174, fig. 10 
Krasnoyarichthys jesseni .............. 6(3), 323, fig. 2 Martinia sp ......................... 5(4), 300, fig. 8 
Krithe bhandarii .................... 6(2), 200, fig. 3 Martiniopsis sp ....................... 5(4), 300, fig. 8 
Krithe japonica ...................... 6(1), 90, fig. 5 Mawsonia brasiliensis . ............... 6(4), ?, figs. 1-4 

Megacricetodon gregarious . ........... 6(3), 246, fig. 8 
L Megalodon (Megalodon) yanceyi . ..... 6( 1), 70, figs. 3-4 

Megangulus maximus ................ 6(2), 138, fig. 6 
Laevigatosporites vulgaris . ............. 6(1), 30, fig. 5 Megousia sp ......................... 5(4), 290, fig. 6 
Lagena striata . ..................... 6(2), 164, fig. 10 Melonis affinis . ..................... 6(2), 155, fig. 11 
Lahirites segmentatus .............. 6( 1), 35, figs. 8, 9 Melonis pompilioides ................ 6(2), 155, fig. 11 
Lamellaerhunchia geokderensis ........ 5(4), 328, fig. 5 Meristocorpus explicatus . ............... 6(1), 35, fig. 8 
Lamellaerhynchia ............. ............. 5(4),326 Meristocorpus ostentus ................ 6(1), 34, fig. 7 
Laperousecythere ikeyai .............. 6(1), 5, figs. 5, 7 Mesoturrilites ............................ 5(3), 171 
Laqueus blanfordi .................... 5(2), 97, fig. 9 Mesoturrilites aff. corrugatus .......... 5( 4), 238, fig. 8 
Laqueus rubellus . ..................... 5(2), 90, fig. 3 Mesoturrilites cf. aumalensis .......... 5(3), 166, fig. 3 
Laqueus sp. . ..................... 5(2), 96, figs. 8, 9 Mesoturrilites pombetsensis ........ 5(3), 172, figs. 8, 9 
Leiotriletes sp ......................... 6(1), 27, fig. 3 Metaplax crenulata . ............... 5(4), 264, figs. 1, 2 
Lenticulina sp ....................... 6(2), 164, fig. 10 Metoposaurus diagnostic us ............ 6(1), 55, fig. 13 
Leptodus nobilis .................... 5(4),294, fig. 7 Metoposaurus ouazzouri .............. 6(1), 55, fig. 13 
Limatula iwayae .................... 5(2), 125, fig. 4 Millardia meltada .................. 6(3), 254, fig. 16 
Lingula anatina ............. ....... 5(1),67, figs. 7, 8 Miosesanna japonicum . ............... 5( 4), 269, fig. 4 
Linoproductus lineatus ................ 5(4), 290, fig. 6 Miosesanna naguraense .............. 5(4), 269, fig. 4 
Lithophaga sp ......................... 5(1), 65, fig. 5 Modiolus maedae . ................. 5(2), 124, figs. 3-5 
Lopingoceras cf. acutanolatum . ........... 6(4), ? fig. 2 Monia sp ........................... 6(1), 108, fig. 7 
Loxoconchajaponica ....... . 6(3),266, figs. 1,3,5, 7, 9 Munseyella hatatatensis .............. 5(4), 248, fig. 6 
Loxoconcha lilljeborgii ........ 6(3), 269, figs. 3, 5, 7, 9 Munseyella hatatatensis ................ 6(1),6, fig. 6 
Loxoconcha nozokiensis .............. 5(4),249, fig. 6 Munseyella hatatatensis .............. 5(4), 249, fig. 6 
Loxoconcha optima ................ 6(1),88, figs. 3, 5 Munseyella indica . ................... 6(2), 198, fig. 2 
Loxoconcha optima .................. 6(3), 266, fig. 1 Muricidae? gen. and sp. indet. .......... 6(2), 136, fig. 5 
Loxoconcha ozawai .................. 6(3), 266, fig. 1 Mus (Pyromys) saxicola .............. 6(3), 241, fig. 2 
Loxoconcha pulchra ................ 6(1), 88, figs. 3, 5 Mus flynni . ....................... 6(3), 242, figs. 3, 8 
Loxoconcha pulchra .................. 6(3), 266, fig. 1 Mus musculus . ................... 6(3), 243, figs. 4, 5 
Loxoconcha shanhaiensis ........ 6(3), 270, figs. 4-7. 9 Mus musculus tytelri ............ 6(3),241, figs. 2,6,7 
Loxoconcha spp ....................... 6( 1), 90, fig. 5 Mus saxicola . ....................... 6(3),244, fig. 6 
Loxoconcha tosaensis .............. 6(1), 88, figs. 3, 5 Myalina (Myalina) cf. wyomingensis ..... . 6(1),71, fig. 4 
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Mysella . ............................. 5( I), 68, fig. 8 Parasphenarina .......................... 6(3), 30 I 
Mysella sp. . ......................... 5( I), 67, fig. 7 Pattalophyllia sp ....................... 5(1), 59, fig. I 

Pedum spondyloideum . ................. 5(1), 65, fig. 5 
N Peppersites ellipticus .................. 6(1), 32, fig. 6 

Percnon planissimum .............. 5(4),263, figs. 1,2 
Nankinella sp. . ....................... 6(4), ?, fig. 8 Perissocytheridea japonica . ............. 6(1), 90, fig. 5 
Nanlingella cf. meridionalis . ...... " ..... 6(4), ?, fig. 8 Perissocytheridea sp ................. 6(1), 88, figs. 3, 5 
Naticidae? gen. and sp. indet. .......... 6(2), 136, fig. 5 Pennundaria asiatica ................ 5(4), 294, fig. 7 
Neocyprideis raoi .................... 6(2), 198, fig. 2 Phacosoma chikuzenensis . ............. 6(1), 108, fig. 7 
Neomonoceratina paraoertlii .......... 6(2), 200, fig. 3 Phlyctocythere japonica ................ 6(1), 88, fig. 3 
Neonesidea oligodentata . ............... 6(1), 90, fig. 5 Pictothyris picta ...................... 5(2), 90, fig. 3 
Neopellucistoma injlatum .............. 6(1),88, fig. 3 Pictothyris sp. . ................... 5(2), 96, figs. 8, 9 
Neopronorites skvorzovi .............. 5(3), 204, fig. 3 Pinctada maculata .................... 5(1), 35, fig. 2 
Neospirifer cf. fasciger . ............... 5(4), 300, fig. 8 Pitar matsumotoi .................... 6(1), 108, fig. 7 
Neospirifer sp. . ..................... 6(3), 290, fig. 4 Placentammina sp. . ................. 6(2), 158, fig. 7 
Neospiriferinae gen. and sp. indet. ...... 6(3), 290, fig. 4 Plagusia dentipes ..... ............. 5(4), 263, figs. 1,2 
Nerita (Theliostyla) albicilla ........ .. 5(1), 22, figs. 1-5 Pleuromya hidensis .................. 5(2), 125, fig. 4 
Nipponocythere bicarinata . ............. 6(1),90, fig. 5 Plicatipollenites gondwanensis .......... 6(1), 34, fig. 7 
Nodosinelloides sp ..................... 6(4), ?, fig. 9 Plicifuscus cf. plicatus ................ 5(3), 220, fig. 3 
Nonionella japonica ................ 6(2), 155, fig. II Popanoceras annae .................. 5(3), 206, fig. 5 
Nordophiceras jacksoni . ............... 5(3), 208, fig. 7 Poronaia poronaiensis ................ 6(2), 162, fig. 9 
Nucleolina diluta .................... 6(2), 202, fig. 4 Portlandia (Portlandella) watasei ...... 6(3), 261, fig. 3 
Nucula sp ........................... 6(1), 108, fig. 7 Potonieisporites brasiliensis ............ 6(1), 32, fig. 6 

Potonieisporites densus ................ 6( 1), 32, fig. 6 
o Potonieisporites elegans . ............... 6(1), 32, fig. 6 

Potonieisporites novicus . ............... 6(1), 32, fig. 6 
Orbiculoidea cf. jangarensis . ........... 5(4), 290, fig. 6 Potonieisporites ovatus ................ 6(1), 32, fig. 6 
Orbirhynchia ............................ 5(4), 320 Potonieisporites simplex . ............... 6(1), 32, fig. 6 
Orbirhynchia aff. boussensis .......... 5(4),322, fig. 2 Potonieisporites sp ..................... 6(1), 34, fig. 7 
Orbirhynchia reedensis . ............... 5(4), 322, fig. 2 Potonieisporites triangulatus ............ 6(1), 32, fig. 6 
Oridorsalis umbonatus . ............... 5(3), 197, fig. 3 Praeglobobulimina pyrula ............ 6(2), 164, fig. 10 
Oxytoma tetoriense .................. 5(2), 125, fig. 4 Prionocyclus germari .................. 5(1), 48, fig. 2 

Prionocyclus hyatti .................... 5( I), 48, fig. 2 
p Prionocyclus macombi .............. 5(1), 48, figs. 2,4 

Prionocyclus novimexicanus ............ 5( I), 48, fig. 2 
Pachyphiloia sp. . ..................... 6(4), ?, fig. 9 Prionocyclus wyomingensis . ............. 5(1), 49, fig. 3 
Paijenborchella cf. tsurugasakensis ...... 6(1), 10, fig. 7 Pristerodon mackayi ............ 5(3), 179, figs. 2-4, 7 
Paijenborchellina indica .............. 6(2), 204, fig. 5 Procerolagena sp. cf. P. gracilima .... 6(2), 164, fig. 10 
Paijenborchellini gen. et sp. indet. ...... 6(2), 200, fig. 3 Protocardia sp ....................... 5(2), 125, fig. 4 
Pakkokuhyus lahirii .................... 6(4), ? fig. 2 Protohaploxypinus amplus .............. 6(1), 35, fig. 8 
Palaeofusulina sp ....................... 6(4), ?, fig. 8 Protohaploxypinus bharadwajii ...... 6(1), 34, figs. 7, 8 
Palmenella limicola .................. 5(4), 249, fig. 6 Protohaploxypinus sp. cf. Striatopodocarpites 
Palmenella limicola . ................... 6( I), 10, fig. 7 magnificus .......................... 6( I), 35, fig. 8 
Palmoconcha irizukii . ................... 6(1), 5, fig. 5 Pseudoaurila japonica . ................. 6(1), 90, fig. 5 
Palmoconcha rajui .................. 6(2), 202, fig. 4 Pseudonodosaria sp. cf. P. conica . ..... 6(2), 164, fig. 10 
Paracandona andhraensis ............ 6(2), 204, fig. 5 Pseudopolymorphina sp ............... 6(2), 164, fig. 10 
Paraceltites elegans .................. 5(3), 208, fig. 7 Pseudovidalina spp ..................... 6(4), ?, fig. 9 
Paracypris khuialaensis .............. 6(2), 204, fig. 5 Pterelectroma zebra .................. 5(1), 63, fig. 4 
Paracytheridea neolongicaudata ........ 5(4),249, fig. 6 Ptychognathus sp. aff. P. ishii . ......... 5(4),264, fig. 2 
Paradoxostomatidae spp. . ............. 6( 1), 90, fig. 5 Pullenia eocenica .................. 6(2), 155, fig. II 
Parakrithella pseudodonta .............. 6( I), 88, fig. 3 Pullenia salisburyi .................. 6(2), 155, fig. II 
Parapelomys robertsi ................ 6(3),254, fig. 16 Punctatisporites gretensis .............. 6(1), 27, fig. 3 
Parasphenarina cavernicola ....... . 6(3), 301, figs. 2-12 Punctatisporites sp ..................... 6( I), 27, fig. 3 
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Q Sesarma (Perisesarma) bidens . ......... 5(4), 263, fig. 1 
Sesarmops intermedium ..... " ..... 5(4), 263, figs. 1,2 

Quinqueloculina seminula compacta . ... 6(2), 164, fig. 10 Shimodaia pterygiota . ............. 5(2), 90, figs. 3, 8, 9 
Siamotherium pondaungensis . ............. 6(4), ? fig. 2 

R Sigmoidella pacifica ................ 6(2), 164, fig. 10 
Siphogenerina striatula .............. 6(2), 232, fig. 13 

Raistrickia cephalata . ............... 6(1), 27, figs. 3, 9 Skolithos isp ......................... 5(2), 127, fig. 6 
Raistrickia sp. cf. R. saetosa ............ 6(1), 27, fig. 3 Solemya suprajurensis ................ 5(2), 125, fig. 4 
Raphconilia? sp. . ..................... 6(4), ?, fig. 9 Spelaeotriletes ............................ 6( 1), 33 
Rectobolivina asanoi .......... 6(2), 224, figs. 4, 10, 13 Spelaeotriletes arenaceus .............. 6( 1), 30, fig. 5 
Rectobolivina bifrons . ......... 6(2), 224, figs. 4, 8, 9, 13 Spelaeotriletes triangulus .............. 6(1), 30, fig. 5 
Rectobolivina clavata ............ 6(2), 224, figs. 4, 10 Spinileberis furuyaensis ................ 6( 1), 90, fig. 5 
Rectobolivina clavatostriatula ........ 6(2), 232, fig. 13 Spinileberis pulchra . ................... 6(1),90, fig. 5 
Rectobolivina diSl:ontinuosa .... 6(2), 224, figs. 4, 10, 13 Spinileberis quadriaculeata . ............. 6(1), 88, fig. 3 
Rectobolivina raphana . ....... 6(2), 224, figs. 4, 8, 11, 13 Spinileberis sp ....................... 5(4),249, fig. 6 
Rectobolivina striatula ............ 6(2), 224, figs. 4, 11 Spiriferella keilhavii .................. 6(3), 290, fig. 4 
Recurvoidella sp. cf. R. lamella ........ 6(2), 160, fig. 8 Spirife rella lita ...................... 5(4), 300, fig. 8 
Recurvoides sp ... '" ................. 6(2), 160, fig. 8 Spiriferella persaranae . ............... 6(3), 290, fig. 4 
Reesidites minimus .................. 5(4), 234, fig. 4 Spirileberis sp ....................... 5(4),248, fig. 6 
Reichelina changhsingensis .............. 6(4), ?, fig. 8 Spirophycus isp ....................... 5(2), 127, fig. 6 
Reophax tappuensis .................. 6(2), 158, fig. 7 Stefaniniella colosii . ................... 5( 1), 59, fig. 1 
Reticulatia sp. . ..................... 5(4), 290, fig. 6 Stenoscisma margaritovi .............. 5(4), 300, fig. 8 
Reticulophragmium amakusaensis ...... 6(2), 162, fig. 9 Striatoabieites sp. cf. S. anaverrucosus . ... 6(1), 35, fig. 8 
Rhynchopora sp ..................... 5(4),300, fig. 8 Striatopodocarpites sp. . ............... 6(1), 35, fig. 8 
Ricinia sp ........................... 5(1),61, fig. 3 Striatopodocarpites sp. cf. S. phaleratus .. 6(1),34, fig. 7 
Robertsonites cf. tuberculatus . ........... 6(1), 14, fig. 8 Striatosporites heyleri . ................. 6(1), 30, fig. 5 
Robertsonites japonicus ................ 6( 1), 14, fig. 8 Striomonosaccites ovatus ............ 6(1), 34, figs. 7, 9 
Robertsonites reticuliformus ............ 6(1), 14, fig. 8 Subbotina sp ....................... 6(2), 168, fig. 12 
Robertsonites sp ..................... 5(4),249, fig. 6 Subprinocyclus minimus .............. 5(2), 104, fig. 3 
Robertsonites yatsukanus . ............. 6(1), 5, figs. 5, 8 Subprinocyclus neptuni . ............... 5(2), 105, fig. 6 
Robustaurila spp ....................... 6(1), 90, fig. 5 Subprionocyclus minimus .............. 5(2), 103, fig. 2 
Rosita fomicata . ..................... 5(4), 280, fig. 4 
Rosita patelliformis .................. 5(4), 280, fig. 4 T 
Rotundracythere? sp ................... 5(4), 249, fig. 6 
Rugosochonetidae gen. et sp. indet.. ..... 6(3), 290, fig. 4 Taeniaesporites sp ..................... 6(1), 35, fig. 8 

Tapes? sp ........................... 6(2), 138, fig. 6 
s Terebratalia coreanica . ........... 5(2), 90, figs. 3, 8, 9 

Tetorimya carinata ................ 5(2), 124, figs. 3-5 
Saccella sp. . ....................... 6(1), 108, fig. 7 Thalassoceras gemmellaroi ............ 5(3), 207, fig. 6 
Sanguinolites ishii .................... 6(1), 69, fig. 2 Thracia shokawensis . ................. 5(2), 125, fig. 4 
Schizocythere hatatatensis . ............. 5( 4), 249, fig. 6 Trachyleberis ishizakii ................ 6( 1), 92, fig. 7 
Schizocythere kishinouyei. .......... ... 5(4),249, fig. 6 Trachyleberis scabrocuneata ............ 6(1), 88, fig. 3 
Scintilla sp ........................... 5( 1), 66, fig. 6 Trachyleberis sp ..................... 5(4),247, fig. 5 
Sclerochilus sp. . ..................... 6(1), 90, fig. 5 Transennatia gratiosa ................ 5(4),290, fig. 6 
Semicytherura diluta ................ 6(2), 204, fig. 5 Treptoceras yokoyamai . ............... 6(1), 123, fig. 1 
Semicytherura henryhowei ............ 5(4),249, fig. 6 Trochammina sp. cf. T. asagaiensis .... 6(2), 164, fig. 10 
Semicytherura spp ..................... 6(1), 90, fig. 5 Trominina hokkaidoensis .............. 6(3), 261, fig. 3 
Septatoechia ............................. . 5(4),326 Turrilites ................................ 5(3), 163 
Septatoechia aff. Rhynchonella baugasii . . 5(4),325, fig. 4 Turrilites acutus ................ 5(3), 166, figs. 3, 5, 6 
Septatoechia amudariensis ............ 5(4), 325, fig. 4 Turrilites aff. costatus ................ 5(3), 166, fig. 3 
Septatoechia infiata .................. 5( 4), 325, fig. 4 Turrilites complexus .............. 5(3), 164, figs. 1-4 
Septifer (Mytilisepta) sp ............... 6(2), 136, fig. 5 Turrilites costatus ................ 5(3), 166, figs. 3,4 
Sesarma (Parasesarma) pictum ........ 5(4), 264, fig. 2 Turrilites mikoku .................... 5(3), 170, fig. 7 
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Turrilites scheuchzerianus .......... 5(3), 166, figs. 3,4 Vidrioceras sp. . ................... 5(1), 15, figs. 1-3 
TurritelLa sp ......................... 6(3), 261, fig. 3 Vulsella vulsella ...................... 5( 1), 59, fig. 1 

u w 

Uraloceras sp ....................... 5(3), 206, fig. 5 Waagenoconcha cf. imperfecta . ......... 5(4), 294, fig. 7 
Urocythereis pohangensis .............. 6( 1), 10, fig. 7 Waagenoconcha permocarbonica .... .... 5(4), 294, fig. 7 
Uroleberis rasilis .................... 6(2), 204, fig. 5 
Urushtenoidea crenulata .............. 5(4), 294, fig. 7 x 

v Xestoleberis opalescenta ............... . 6(1),88, fig. 3 
Xestoleberis spp ....................... 6(1), 90, fig. 5 

Vallatisporites russoi .................. 6(1),30, fig. 5 Xestoleberis subglobosa .............. 6(2), 204, fig. 5 
Vallatisporites sp ..................... 6(1),30, fig. 5 
Vellatisporites arcuatus ................ 6(1),30, fig. 5 y 

Venericardia subnipponica '" .6(1), 107, figs. 6, 7, 9, 10 
Verrucosisporites andersonii ............ 6(1), 30, fig. 5 Yakovlevia kaluzinensis . ............... 5(4), 290, fig. 6 
Verrucosisporites sp. cf. V. morulatus .... 6(1), 27, fig. 3 Yezocythere gorokuensis .............. 5(4),247, fig. 5 
Verville ina sp ......................... 6(4), ?, fig. 9 Yoldia sp ........................... 6(1), 108, fig. 7 
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