
1. Introduction

Bivalves from the Monobegawa Group (lower Cretaceous) of the Tokushima Prefecture (Eastern Shik-

oku, Japan) have been described by Yehara (1923, Yabe, Nagao and Shimizu (1926), Nagao (1934),

Amano (1957), Hayami (1965a, 1965b, 1966), Tashiro and Kozai (1984, 1986, 1988, 1989, 1991).

Tashiro (1985, 1986, 1994, 2000) subdivided the Early Cretaceous bivalve faunas into so called

Tethyan- and North Tethyan-types, suggesting origins 1000 km or more apart, the faunas subsequently hav-

ing been brought together in their present position by a lateral fault.

Kozai and Ishida (2003), discovering a mixed brackish-water fauna in Kochi, central Shikoku, pro-

posed that instead of distant origins, elements of both associations could have been mixed in a transitional,

intermediate zone between the so-called Tethyan- and North Tethyan-types.

Matsukawa and Eto (1987) marine currents theory was based on the distribution of Barremian ammon-

ites that would indicate the existence of boreal and equatorial currents at the time of the Hau-

terivian—Barremian transgression. But, if water temperature was the cause for the different populations, ra-

diolarian assemblages should be different as well, which is not the case, since identical radiolarian assem-

blages are found in both areas (Ishida and Hashimoto, 1991).

As neither theory is supported by field evidence, the nature of the bivalve-fauna had to be reconsid-

ered. It appeared that the so-called “Tethyan” -type specimens were all brackish, thus indicating higher sa-

linity than the more continental “North Tethyan” type. The mixed brackish water fauna in central Shikoku

indicates an environmental transition, essentially controlled by salinity (Kozai et al. 2005).

A large number of interesting marine bivalves, recently collected in the lower part of the Lower

Hanoura Formation in Tokushima are describe in this paper, including 4 new species.

2. Geological Setting and Age

South of the Median Tectonic Line (MTL) that subdivides S-W Japan into Outer- and Inner zones,

the Outer Zone comprises in Central and Eastern Shikoku the three different Early Cretaceous successions

of the Monobegawa, Nankai and Takegatani groups (Fig.1).

The Monobegawa Group extends from the Monobe area to Tokushima, and consists of several deposi-

tional facies, each characterized by upward thinning successions. In the Tokushima area of eastern Shik-

oku, the Monobegawa Group is subdivided into Tatsukawa, Lower Hanoura, Upper Hanoura, Hoji and Fu-

jikawa formations in ascending order (Ishida et al. 1992).

The Tatsukawa Formation unconformably overlies the Permian Accretionary Complex (PAC). Conglom-

erates dominate the lower part of the formation that contains the brackish and fresh water mollusks. It is

overlain by the Barremian Lower Hanoura formations and can therefore be regarded as Hauterivian in age.

The Lower Hanoura formation consists of conglomerate, sandstone and mudstone, and contains abun-

dant marine mollusks, ammonites and radiolarians of Barremian age (Ishida et al. 1992).

The Upper Hanoura Formation consists of conglomerates, sandstones and mudstones that in their lower
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parts contain abundant brackish water bivalves. Among the very rare macro-fossils in the black shale of

the upper part occurs Aptian ammonites. Radiolarians indicate an Aptian age (Ishida et al. 1992).

The Hoji Formation consists of conglomerates, sandstones and some intercalated acidic tuff. The sand-

stone beds yield Middle Aptian ammonites.

The Fujikawa Formation encompasses thick black shales and alternations of sandstone and shale. Fos-

sils are very rare. The radiolarian Pseudodictyomitra pentacolaensis Assemblage indicates a Late Albian

age (Ishida and Hashimoto, 1991).

3. Sample localities

The Lower Hanoura Formation is about 300m thick. Along the Tatsukawagawa River, the lower part

of the formation is well exposed and yields many bivalve fossils (Fig.2).

Loc.30109: Sandy mudstone along a small trail in the Agenotani valley, Katsuura town, Tokushima

Prefecture.

Loc.30111: Calcareous fine sandstone along a small trail in the Agenotani valley, Katsuura town,

Tokushima Prefecture.

Loc.30145: Calcareous fine sandstone at at left side of the Tatsukawa River, Katsuura town,

Tokushima Prefecture.

Loc.30146: Dark gray very fine sandstone, roadside exposure, North of Hiroyasu, Katsuura town,

Tokushima Prefecture.

Loc.30147: Calcareous fine sandstone or sandy mudstone in withered valley, Tatsukawa, Katsuura town,

Tokushima Prefecture.

Loc.30148: Dark gray very fine sandstone at withered valley, Tatsukawa, Katsuura town, Tokushima

Prefecture.

Loc.30149: Dark gray very fine sandstone on left bank of Katsuura River, Nakagoya, Katsuura town,

Tokushima Prefecture.

Fig.1. Geological outline map of the Lower Cretaceous in the west part of Tokushima.
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Fig.2. Fossil localities in the Katsuura area

Loc.30150: Calcareous fine sandstone or sandy mudstone on left bank of the Tatsukawa River, Hiroy-

asu, Katsuura town, Tokushima Prefecture.

Loc.30151: Dark gray very fine sandstone, right bank of Tatsukawa River, Hiroyasu, Katsuura town,

Tokushima Prefecture

Loc.30152: Calcareous fine sandstone cliff under small road, Hiroyasu, Katsuura town, Tokushima Pre-

fecture.

Loc.30154: Calcareous fine sandstone or sandy mudstone, small trail, south of Katsuura River, Katsuura

-town, Tokushima Prefecture.

Loc.30155: Very fine sandstone, small trail, south of Katsuura River, Katsuura-town, Tokushima Prefec-

ture.

Loc.30156: Dark gray very fine sandstone, trail south of Katsuura River, Katsuura-town, Tokushima

Prefecture.

Loc.30157: Calcareous fine sandstone, small trail, south of Katsuura River, Katsuura-town, Tokushima

Prefecture.

Loc.30158: Dark gray very fine sandstone, small trail, south of Katsuura River, Katsuura-town,

Tokushima Prefecture.

Loc.30159: Calcareous fine sandstone, withered valley, south-west of Tatsukawa, Katsuura-town, Kat-

suura town, Tokushima Prefecture

Locs.30150-30152 are same localities as Hy 5001-5003 of Hayami (1966).
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4. Systematic paleontology

Class Bivalvia Linné, 1758

Subclass Palaeotaxodonta Koroblov, 1954

Order Nuculoida Dall, 1889

Family Nuculidae Gray, 1824

Genus Nucula Lamarck, 1799

Nucula sp.

Pl.2, Fig.28

Material.—One specimen (NU36-0157), poorly preserved right internal mould 13.4mm long, 10.5mm high.

The test is almost entirely eroded away, but the characteristic hinge structure is clearly impressed on the

internal mould.

Occurrence.—Loc.30151.

Family Nuculacea Gray, 1824

Genus Nuculopsis Girty, 1911

Nuculopsis shidoensis (Yabe and Nagao)

Pl.2, Fig.29

Nucula shidoensis Yabe and Nagao. Yabe, Nagao and Shimizu 1926, p.41, pl.13, figs, 46, 47.

Nuculopsis shidoensis (Yabe and Nagao). Hayami 1965a, p.234; Shikama and Suzuki 1972, pl.4, figs.5, 6;

Hayami 1975; Tashiro and Kozai 1984, pl.1, figs.1, 2.

Measurements. (in mm)

Specimen Length Height

NU36-0027a 15.1 4.5 Right internal mould

NU36-0027b 15.1 4.5 Left internal mould

NU36-0028 17.4 10.1 Left internal mould

N U36-0027 and NU36-0027b are conjoined valves.

Occurrence.—Loc.30151

Family Nuculanidae Adams and Adams, 1858

Genus Portlandia Mörch, 1857

Portlandia sanchuensis (Yabe and Nagao)

Pl.3, Fig.15

Nuculana sanchuensis Yabe and Nagao, Yabe, Nagao and Shimizu 1926, p.42, pl.12, figs.21-23; Hayami

1965a, p.235.

Portlandia sanchuensis (Yabe and Nagao), Hayami and Oji 1980; Tashiro and Kozai 1984, pl.1, figs.7-9.

Measurements. (in mm)

Specimen Length Height

NU36-0100 9.0 6.1 Right internal mould

NU36-0150a 11.1 7.1 Right internal mould

NU36-0150b 11.1 7.1 Left internal mould

NU36-0150 is butterflied valves.

Occurrence.—Loc.30151

Family Malletiidae Adams and Adams, 1858
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Genus Mesosaccella Chavan, 1946

Mesosaccella choshiensis Hayami

Pl.2, Fig.21

Mesosaccella choshiensis Hayami, Hayami and Oji 1980, p.426, pl.51, figs.11, 12; Tashiro and Kozai 1984,

pl.1, fig.27.

Measurements in mm.

Specimen Length Height

NU36-0026 10.5 5.6 Right internal mould

NU36-0161 13.8 7.2 Right internal mould

NU36-0162 12.3 6.1 Right internal mould

Occurrence.—Loc.30151

Subclass Pteriomorphia Beurlen, 1944

Order Arcoida Stoliczka, 1871

Family Parallelodontidae Dall, 1898

Genus Cosmetodon Branson, 1942

Cosmetodon nipponicus (Nagao)

Pl.1, Figs.15-16

Grammatodon nipponica Nagao, Nagao 1934, p.190, pl.28, fig.3.

Parallerodon nipponicus (Nagao), Hayami 1965a, pl.27, figs.6, 7: Hatai, Kotaka and Noda 1969, p.31;

Hayami 1975.

Cosmetodon nipponicus (Nagao), Tashiro and Kozai 1984, pl.2, fig.19, pl.4, figs 19-21.

Measurements in mm.

Specimen Length Height

NU36-0140 19.0 8.2 Right external mould

NU36-0141 24.8 13.3 Right internal mould

NU36-0145 22.4 13.2 Left internal mould

Ocurrence.—Loc.30151

Family Cucullaeidae Stewart, 1930

Genus Cucullaea Lamarck, 1801

Cucullaea obliquata (Amano)

Pl.1, Figs.7-8

Trigoniarca obliqata Amano, Amano 1957, p.82, pl.1, figs.6-8; Hayami 1975. Trigonarca sp. cf. T. obli-

quata, Hayami 1965a, pl.28, fig.17;

Cucullaea obliquata (Amano), Tashiro and Kozai 1984, p.24-25.

Measurements in mm.

Specimen Length Height

NU36-0021 49.5 29.1 Left internal mould

NU36-0022 54.0 26.7 Left valve

NU36-0023 44.6+ 26.1+ Left internal mould

NU36-0082 51.6 38.4 Left internal mould

NU36-0099 50.4 30.0 Right internal mould
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Occurrence.—Loc.30152

Genus Nanonavis Stewart, 1930

Nanonavis yokoyamai (Yabe and Nagao)

Pl.2, Fig.19

Grammatodon yokoyamai Yabe and Nagao, Yabe, Nagao and Shimizu 1926, p.44, pl.12, figs.12, 13, 15;

Hayami 1975, p.29; Hayami and Oji 1980, pl.52, figs.1-6.

Nanonavis yokoyamai (Yabe and Nagao), Ichikawa and Maeda 1958, p.67; Hayami, Matsumoto and Asano

1963, pl.51, fig.13; Hayami 1965a, pl.27, figs.8-13; Shikama and Suzuki 1972, pl.4, fig.7; Tashiro and Ko-

zai 1984, pl.2, figs.1-16.

Measurements in mm.

Specimen Length Height

NU36-0076 28.1 20.7 Left valve

NU36-0077 26.2 17.8 Left internal mould

NU36-0123 24.2 16.3 Conjoined valve

Ocurrence.—Locs.30146, 30148, 30151

Family Arcidae, Lamarck, 1809

Genus Barbatia Gray, 1842

Barbatia hiroyasensis sp. nov.

Pl.1, Figs.9-12

cf. Barbatia hayamii Tashiro and Kozai, Tashiro and Kozai 1984.

Material.—The holotype is an internal mould of a left valve (NU-0153). Paratypes (NU36-0068, NU36-

0069, NU36-0121, NU36-0151, NU36-0152), all from the type-locality.

Type locality.-Calcareous fine sandstone or sandy mudstone on left bank of the Tatsukawa River, Hi-

royasu, Katsuura town, Tokushima Prefecture (Loc.30150).

Description.—The large to medium sized shell, compared to the genus, is elongate-oval, slightly expanded

posteriorly, well inflated, longer than high; thin test; umbo slightly prominent, placed at about one third

from front of the valve; antero-dorsal margin short, nearly straight; anterior margin well rounded, meeting

dorsal margin in obtuse angle; postero-dorsal margin gently arcuate; ventral margin nearly straight or

broadly arcuate; a blunt angular carina extends from umbo to postero-ventral region, defining a steep poste-

rior slope; surface marked with irregularly spaced concentric plications, numerous radial threads covering

the whole surface, although only visible in well preserved specimens.

Measurements in mm.

Specimen Length Height

NU36-0068 23.3 12.4 Left internal mould

NU36-0069 26.9 12.4 Right internal mould

NU36-0120 17.6 11.1 Right valve

NU36-0121 20.5 10.0 Left internal mould

NU36-0151 27.2 12.2 Left internal mould

NU36-0152 27.2 12.2 Left external mould

NU36-0153 16.0 10.0 Left internal mould

Observation and comparisons.—The holotype reveals the complete outline and hinge structure, although

the test is almost eroded away. Paratype NU36-0152 has a well preserved surface ornamentation. In para-
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types NU36-0068 and-0069, numerous teeth remain clearly visible. In outline this species is similar to

Barbatia hayamii Tashiro and Kozai from the Monobe Formation in Kochi, but differs in its shorter hinge

plate. The surface ornamentation of this species is similar to Barbatia kochiensis Tashiro and Kozai from

the Hibihara Formation in Kochi, but the umbo is located more anteriorly. The hinge plate is similar to

that of Barbatia marullensis (d’Orbigny) from the Lower Greensand in England, but differs in its elongate-

oval outline.

Occurrence.—Locs.30150, 30152

Family Glycymeridae Newton, 1922

Genus Glycymeris da Costa, 1778

Glycymeris matsumotoi Tashiro

Pl., Fig.9

Glycymeris matsumotoi Tashiro, Tashiro 1971, p.223, pl.28, figs.17-21; Hayami, 1975, p.34; Matsukuma

1979, p.119; Tashiro and Kozai 1984, pl.3, figs.15-20.

Measurements in mm.

Specimen Length Height

NU36-0067 5.1 5.0 Right internal mould

NU36-0119 6.8 5.4 Right internal mould

Occurrence.—Loc.30150

Order Mytiloida Férussac, 1822

Family Mitilidae Rafinesque, 1815

Genus Modiolus Lamarck, 1799

Modiolus obatus sp. nov.

Pl.2, Figs.15-18

Material.—The holotype is a left valve (NU-0146).

Type locality.-Calcareous fine sandstone or sandy mudstone in withered valley, Tatsukawa, Katsuura

town, Tokushima Prefecture (Loc.30147).

Paratypes.- (NU36-0080, NU36-0124, NU36-0125, NU36-0146, NU36-0154) from the Calcareous fine

sandstone or sandy mudstone, small trail, south of Katsuura River, Katsuura-town, Tokushima Prefecture

(Loc.30154)

Description.—Shell small, elongate-oval, slightly expanded posteriorly, well inflated, longer than high; test

thin; umbo large, prominent, located at about one sixth from he front of the valve; antero-dorsal margin

short, nearly straight; anterior margin well rounded; postero-dorsal margin gently arcuate; ventral margin

obliquely elongated, weakly sinuated on posterior part of margin; a blunt angular carina extends from umbo

to postero-ventral region; surface marked with regularly spaced concentric ribs, covering the whole surface.

Measurements in mm.

Specimen Length Height

NU36-0080 9.4 6.2 Left valve

NU36-0124 5.1 7.7 Left valve

NU36-0125 16.2+ 7.4 Left valve

NU36-0126 19.0 9.1 Right valve

NU36-0146 18.8 7.8 Left valve

NU36-0154 14.1 8.0 Right external mould
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Observation and comparisons.—The holotype reveals the complete outline and surface ornamentation, but

the hinge structure cannot be observed.

In outline, this species is similar to Modiolus sestuniae Hayami from the Toarcian in Vietnam, but the

blunt angular carina of this species lies more posteriorly.

Modiolus falcatus that Amano (1957) described from the Hagino Formation of the Monobegawa Group in

Kochi clearly differs from the new species in its subtrigonal outline.

Occurrence.—Locs.30147, 30150, 30154

Genus Amygdalum Megerle von Mühlfeld, 1811

Amygdalum ishidoense (Yabe and Nagao)

Pl.1, Fig.4

Modiola ?ishidoensis Yabe and Nagao, Yabe, Nagao and Shimizu 1926, p.63, pl.13, fig.42; Gervillia ? sp.,

Nagao 1934, pl.24, fig.2; Amygdalum ishidoense (Yabe and Nagao), Hayami 1965a, pl.30, figs.4-10; Hayami

1975, p.39; Tashiro and Kozai 1984, pl.4, figs.1, 2.

Measurements in mm.

Specimen Length Height

NU36-0118 26.7 9.5 Conjoined valve

NU36-0065 36.2 18.7 Left internal mould

Occurrence.—Locs.30148, 30151

Family Pinnidae Leach, 1819

Genus Pinna Linné, 1758

Pinna sp. cf. P. robinaldia d’Orbigny

Pl.2, Fig.1

Pinna sp. cf. P. robinaldia d’Orbigny, Amano 1957, pl.1, figs.10-13; Hayami 1965a, pl.39, fig.2, 3; Hayami

1975, p.40; Tashiro and Kozai 1984, pl.4, figs.5-8.

Measurements in mm.

Specimen Length Height

NU36-038 26.7+ 57.4+

NU36-040 74.5 98.6+

NU36-158 11.8+ 27.3+

Occurrence.—Loc.30151

Order Pterioida Newell, 1965

Family Pteriinae, Gray 1847

Genus Pterinella Toula, 1882

Pterinella shinoharai Hayami

Pl.3, Figs.9-10

Pterinella shinoharai Hayami, Hayami 1965a, p.265-268, pl.10, figs.1-3, pl.32, figs.1-6, pl.33, figs.1-2,

pl.34, figs.1-2, pl.34, figs.1-2, pl.35, figs.1-2; Hayami 1975, pl.2, fig.1; Tashiro and Kozai 1986, pl.1, figs

15, 16; pl.8, 1-5; .

Measurements in mm.

Specimen Length Height
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NU36-0049 34.6 49.9 Right valve

NU36-0050 42.1 54.2 Left valve

NU36-0051 54.1 45.0 Right external mould

NU36-0052 93.5+ 71.3+ Left external mould

Occurrence.—Locs.30151, 30155, 30158

Family Bakevellidae King, 1850

Genus Gervillia Defrance, 1820

Gervillia forbesiana d’Orbigny

Pl.2, Fig.1

Gervillia forbesiana d’Orbigny, Woods 1899, p.58, pl.12, figs, 1-5; Yabe, Nagao and Shimizu 1926; Yabe

1927. Pl.12, fig.1-2; Shinohara 1951, pl.11, fig.2; Hayami 1965a, pl.37, figs.1-8,; Shikama and Suzuki 1972,

pl.4, fig.13; Hayami 1975, 47; Tashiro, Kozai, Okamura, and Katto 1980, pl.10 pl.10, fig.1; Tashiro and

Kozai 1986, pl.1, figs.1-9.

Measurements in mm.

Specimen Length Height

NU36-0066 45.3 11.3 Left internal mould

Occurrence.—Loc.30150

Genus Isognomon Lightfoot, 1786

Isognomon ichikawai Hayami

Pl.2, Figs.12-13

Isognomon ichikawai Hayami, Hayami 1965a, p.280, pl.38, figs.8, 9; Hayami 1975, p 49.

Measurements in mm.

Specimen Length Height

NU36-0020 68.0+ 75.1 Left internal mould

NU36-0097 31.2 33.3 Right internal mould

NU36.0098 55.2 31.8+ Right internal mould

Occurrence.—Loc.30150

Family Entoliidae Korobkov, 1960

Genus Entolium Meek, 1865

Entolium sanchuense Hayami

Pl.1, Fig.17

Entolium sanchuense Hayami, Hayami 1965a, p.315, pl.45, figs.12, 13, pl.52, fig.5; Hayami 1975, p.72-73.

Measurements in mm.

Specimen Length Height Apical angle

NU36-0018 23.4 21.3 115° Left valve
NU36-0019 23.8 20.0 116° Right internal mould
NU36-0093 21.1 18.8 106° Right valve
NU36-0094 30.0 27.4 115° Left internal mould
NU36-0095 31.0 31.2 120° Right internal mould
NU36-0096 38.0 34.5 113° Right internal mould
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Occurrence.—Locs.30150, 30152

Entolium ikedai Tashiro

Pl.1, Fig.18

Entolium ikedai Tashiro, Tashiro 1990, p.8, pl.2, figs.1-5.

Measurements in mm.

Specimen Length Height Apical angle

NU36-0014 21.4 34.4 90° Right valve
NU36-0015 13.4 18.0 83° Left valve
NU36-0090 61.6 81.6 95° Right valve
NU36-0091 13.1 18.8 81° Right valve
NU36-0147 34.3 41.4 94° Right external mould

Occurrence.—Locs.30150, 30152

Entolium nishikawai sp. nov.

Pl.1, Figs.19-20

Material.—The holotype is a left valve (NU36-0009). Paratype (NU36-0159) is from the same locality as

the holotype.

Type locality.—Calcareous fine sandstone cliff under small road, Hiroyasu, Katsuura town, Tokushima Pre-

fecture (Loc.30152).

Description.—Shell large compared to the genus, elliptical, about 1.3 times longer than high, slightly in-

flated; test thin; short antero-dorsal margin nearly straight, postero-dorsal margin nearly straight, forming ob-

tuse angle with the obliquely truncated siphonal margin; ventral margin gently arcuated; apical angle about

135 degrees; auricles subequal in size; anterior auricle sub-vertically truncated; posterior auricle diagonally at-

tached to the postero-dorsal margin; surface ornamentation consists of numerous, about 3-4 per mm, very

fine concentric striae.

Measurements in mm.

Specimen Length Height Apical angle

NU36-0009 71.8 55.0 134° Left external mould
NU36-0159 75.6 68.9 140° Left internal mould

Observation and comparisons.—The present species is represented by two specimens (NU36-0009 and NU

36-0159). The holotype reveals the complete outline and surface ornamentation. In outline, this species is

similar to Entolium sanchuensis Hayami from the Barremian Ishido Formation, but the angle is different.

The apical angle of 135 degrees in the new species is larger than the approximately 100 degrees in E.

sanchuensis Hayami and only about 90 degrees in Entolium ikedai Tashiro.

Occurrence.— 30152

Family Pectinidae Rafinesque, 1815

Genus Neithea Drouet, 1825

Neithea hanourensis Tashiro and Kozai

Pl.2, Fig.20

Neithea hanourensis Tashiro and Kozai, Tashiro and Kozai 1986, p.36, pl.4, figs.11-13.
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Measurements in mm.

Specimen Length Height

NU36-0071 10.5 8.6 Right valve

Occurrence. — Loc.30148

Neithea atava (Römer)

Pl.2, Fig.27

Pecten atavus Römer, Römer 1839, p.29, pl.18, fig.21. Neithea atava (Römer) Cox, 1954, pl.64, figs.1, 4;

Fujii 1954, p.418; Alencaster 1956; Druschiza and Kudrjavtseva 1956, pl.2, figs.5-7; Dhondt 1973, pl.1,

figs.2a, b; Hayami 1975, p.74; Hayami and Noda 1977, pl.5, figs.4, 5, pl.6, figs.1, 2; Tashiro, Kozai, Oka-

mura and Katto 1980, pl.11, fig.6; Tashiro and Kozai 1986, pl.9, figs.1-4, pl.10, figs.1, 2. Neithea kan-

merai Hayami, Hayami 1965a, pl.43, figs 1-5, pl.52, fig.3.

Measurements in mm.

Specimen Length Height

NU36-0057 48.1+ 55.5+ Right valve

NU36-0058 74.5+ 47.6+ Left external mould

NU36-0109 45.8 34.5 Right external mould

NU36-0110 41.2 32.4 Left external mould

Occurrence.—Locs.30109, 30146, 30148

Family Propeamussiidae Abbot, 1954

Genus Parvamussium Sacco, 1897

Parvamussium kimurai (Hayami)

Pl.2, Fig.30

Variamussium kimurai Hayami, Hayami 1965a, p.210, pl.46, figs.1-4.

Parvamussiumu kimurai (Hayami), Hayami 1975, p.83; Tashiro and Kozai 1986, pl.3, figs.23, 24, pl.6,

fig.18.

Measurements in mm.

Specimen Length Height

NU36-0044 15.1 11.9 Left external mould

Occurrence.—Loc.30151

Family Plicatulidae Watson, 1930

Genus Plicatula Lamarck, 1801

Plicatula monobensis Tashiro and Kozai

Pl.3, Fig.6

Plicatula monobensis Tashiro and Kozai, Tashiro and Kozai 1986, p.43, pl.2, fig.21, pl.3, figs.8, 9, 11,

pl.4, figs.14-16.

Measurements in mm.

Specimen Length Height

NU36-0045 108 14.5 Right internal mould
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Occurrence.—Loc.30152

Plicatula kiiensis Hayami

Pl.3, Figs.2-3

Plicatula kiiensis Hayami, Hayami 1965a, p.323, pl.46, figs.6-8; Hayami 1975, p.84; Tashiro and Kozai

1986, pl.3, figs.1-7, 10, 12.

Measurements in mm.

Specimen Length Height

NU36-0042 31.5 26.8 Right internal mould

NU36-0132 14.5 15.8 Right external mould

NU36-0133 16.8 10.4 Left external mould

NU36-0134 21.4 21.6 Right internal mould

Occurrence.—Loc.30150

Family Limidae Rafinesque, 1815

Genus Limatula Wood, 1839

Limatula nagaoi Hayami

Pl.2, Fig.14

Lima ishidoensis Yabe and Nagao, Yabe, Nagao and Shimizu 1926, p.213, pl.27, figs.9-10; Limatula ishi-

doensis (Yabe and Nagao), Hayami 1965a, p.49, figs.1-4; Hayami 1975, p.89; Tashiro and Kozai 1986,

pl.6, fig.19.

Measurements in mm.

Specimen Length Height

NU36-0078 6.2 10.8 Left valve

NU36-0079 3.7 8.6 Right valve

Occurrence.—Loc.30150

Family Ostreidae Rafinesque, 1815

Genus Amphidonte Fischer de Waldheim, 1829

Amphydonte sp. cf. A. subhaliotoidea (Nagao)

Pl.1, Fig.4

Cf. Exogyra subhaliotoidea Nagao, Nagao 1934, pl.30, figs.1-4;

Amphydonte subhaliotoidea (Nagao), Hayami 1965a, pl.50, figs.6-9, pl.51, figs.1-2; Hayami and Kawasawa

1967, pl.9, fig.5; Shikama and Suzuki 1972, p.10-14; Hayami 1975, pl.4, fig.2; Tashiro and Kozai 1986,

pl.8, fig.2.

Measurements in mm.

Specimen Length Height

NU36-0041 25.7 30.1 Right internal mould

NU36-0104 27.8 38.5 Left valve

NU36-0105 16.7 21.8 Left valve

NU36-0106 16.5 16.4 Left internal mould

Occurrence.—Locs.30109, 30151
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Genus Lopha Röding, 1798

Lopha nagaoi Hayami

Pl.2, Fig.26

Lopha nagaoi Hayami, Hayami 1965a, p.338, pl.49, figs.8-11, pl.50, figs.1-2; Shikama and Suzuki 1972,

pl.5, fig.8; Hayami 1975, p.91.

Measurements in mm.

Specimen Length Height

NU36-0139 13.5 7.6 Right valve

NU36-0083 17.7 11.3 Right valve

Occurrence.—Loc.30151

Rastellium carinatum (Lamarck)

Pl.3, Fig.24

Ostrea carinata Lamarck, Lamarck 1871, Stoliczka, p.468, pl.48, fig.5, pl.49, figs.1-2; Ostrea diluviana

Linné, Yabe, Nagao and Shimizu 1926, pl.13, figs.4-6; Yabe 1927, pl.15, fig.4; Nagao 1934, p.201; Lopha-

carinata (Lamarck), Hayami 1965a pl.49, fig.13; Shikama and Suzuki 1972, pl.5, fig.5; Rastellium cari-

natum (Lamarck), Hayami 1975, p.91; Tashiro and Kozai 1986, pl.8, fig.3, pl.9, fig.5.

Measurements in mm.

Specimen Length Height

NU36-0016 60.1+ 21.5+ Right internal mould

NU36-0017 38.6+ 30.8+ Right internal mould

Occurrence.—Loc.30151

Subclass Palaeoheterodonta Newell, 1865

Order Trigonioida Dall, 1889

Family Trigoniidae Lamarck, 1819

Genus Rutitrigonia van Hoepen, 1929

Rutitrigonia yeharai Kobayashi

Pl.3, Figs.18-19

Trigonia neumayri Yehara, Yehara 1923, p.82, pl.9, figs.1-3; Rutitrigonia yeharai Kobayashi, Kobayashi

1957, p.59, pl.10, fig.1; Kobayashi and Nakano 1958, pl.12, figs.9, 10; Hayami 1975, p.106.

Measurements in mm.

Specimen Length Height

NU36-0081 48.7+ 44.5+ Right valve

NU36-0128 74.8+ 47.8+ Left external mould

Occurrence.—Locs.30152, 30159

Genus Pterotrigonia van Hoepen, 1929

Pterotrigonia pocilliformis (Yokoyama)

Pl.3, Fig.16

Trigonia pocilliformis Yokoyama, Yokoyama 1891, p.361, pl.40, figs.1-3; Yehara 1923, pl.9, figs 8-10,
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pl.10, figs.4-6; Yabe, Nagao and Shimizu 1926, p.45; Yabe 1927 pl.4, fig.3.

Pterotrigonia pocilliformis (Yokoyama), Kobayashi 1954, p.77; Kobayashi and Nakano 1957, pl.16, figs.1-3;

Kobayashi and Nakano 1958, pl.11, fig.12; Matoba 1964, pl.37, figs.6, 7; Maeda and Kawabe 1967, pl.1,

figs.1-3; Katto and Tashiro 1978, pl.1, figs.7-9; Tashiro, Kozai, Okamura and Katto 1980, pl.10, fig.14;

Hayami and Oji 1980, pl.52, fig.7; Tashiro and Matsuda 1982, pl.8, figs.6-11; Tashiro and Matsuda 1986,

pl.1, figs.6-11; Tashiro, Yanagisawa and Kitamura 1986, pl.1, figs.11, 12; Tashiro and Kozai 1986, pl.5,

figs.1, 2, 6, pl.7. Figs.1-11.

Measurements in mm.

Specimen Length Height

NU36-0059 36.0 30.1 Left external mould

NU36-0060 36.6 23.4 Right internal mould

NU36-0111 17.5+ 19.6 Conjoined valve

NU36-0112 35.5 24.8 Conjoined valve

Occurrence.—Locs.30150, 30152, 30156, 30158

Subclass Heterodonta Neumayr, 1884

Order Veneroida Adams and Adams, 1856

Family Astartidae d’Orbigny, 1844

Genus Astarte Sowerby, 1816

Astarte subsenecta Yabe and Nagao

Pl.3, Figs.11-12

Astarte subsenecta Yabe and Nagao, Yabe, Nagao and Shimizu 1926, p.47, pl.13, figs.14-16, pl.14, fig.11;

Hayami 1965b, pl.7, figs.10-18, figs.1-5: Shikama and Suzuki 1972, pl.6, fig.4: Hayami 1975, pl.6, figs.3-5:

Hayami and Oji 1980, pl.53, figs.1-6: Tashiro, Kozai, Okamura and Katto 1980, p.75: Tashiro, Matsuda and

Tanaka 1985, pl.10, fig.16, pl.3, figs.1-3; Tashiro and Matsuda 1986, pl.75, fig.14, pl.77, figs.17-19, 25,

26: Tashiro and Kozai 1988, pl.1, figs.1, 2.

Measurements in mm.

Specimen Length Height

NU36-0030 10.0 9.5 Right valve

NU36-0031 16.0 13.3 Right valve

NU36-0032 16.1 16.0 Right valve

NU36-0033 18.6 18.9 Left internal mould

NU36-0034 18.6+ 17.1 Left internal mould

Occurrence.—Locs.30151, 30109

Genus Yabea Hayami, 1965

Yabea shinanoensis (Yabe and Nagao)

Pl.3, Figs.25-26

Astarte shinanoensis Yabe and Nagao, Yabe, Nasgao and Shimizu 1926, p.47, pl.13, figs.29-30; Astarte

(Yabea) shinanoensis Yabe and Nagao, Hayami 1965b, pl.8, figs.25-26. Pl.14, figs.7-8: Hayami 1975,

p.126; Yabea shinanoensis (Yabe and Nagao), Tashiro and Kozai 1988, pl.2, figs.17, 25.

Measurements in mm.

Specimen Length Height
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NU36-0043 21.5 21.2 Right internal mould

NU36-0155 26.1 21.7 Left internal mould

Occurrence.—Loc.30149

Yabea sp. aff. Y. shinanoensis (Yabe and Nagao)

Pl.3, Figs.22-23

Astarte (Yabea) sp. aff. A. (Y.) shinanoensis Yabe and Nagao, Hayami 1965b, pl.9, fig.1, pl.14, fig.9.

Measurements in mm.

Specimen Length Height

NU36-0035 26.4 20.2 Left internal mould

NU36-0036 19.4 18.2 Right internal mould

NU36-0037 22.3 20.8 Right internal mould

Observation: — Hayami (1965b), only one specimen from the Hanoura Formation, the surface ornament

was not preserved. Also our newly collected similar specimens from same locality, are unfortunately inter-

nal moulds that in transversal outline differ from Yabea shinanoensis (Yabe and Nagao).

Occurrence. — Loc.30151

Genus Eriphyla Gabb, 1864

Eriphyla sp. aff. E. oblonga Freneix

Pl.1, Figs.13-14

Measurements in mm.

Specimen Length Height

NU36-0070 18.2 12.8 Right internal mould

NU36-0073 18.1 17.1 Left internal mould

NU36-0074 25.1+ 26.3 Left valve

NU36-0122 18.3 13.5 Right valve

NU36-0130 16.8 13.9 Right internal mould

NU36-0131 17.0 15.0 Left internal mould

Observation: — Eriphyla minima Hayami from the Miyako Group shows similar smooth inner ventral mar-

gin and small size for the genus. E. minima Hayami resembles Eriphyla oblonga Freneix, from the Creta-

ceous of New Caledonia, but is smaller in size and has a more rectangular outline.

Occurrence. — Loc.30151

Family Crassatellidae Férussac, 1822

Genus Anthonya Gabb, 1864

Anthonya elongata sp nov.

Pl.1, Figs.1-3

Material.—The holotype is a left valve (NU36-0075). Paratypes (NU36-0083a and NU36-0083b)

Type locality. — Dark gray very fine sandstone on left bank of Katsuura River, Nakagoya, Katsuura

town, Tokushima Prefecture (Loc.30149).

Paratypes originate from the dark gray very fine sandstone, right bank of Tatsukawa River, Hiroyasu,
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Katsuura town, Tokushima Prefecture (Loc.30151).

.Description.—Rectangular shell elongate, highly in-equilateral, much longer than high, nearly flat; anteri-

orly located ortho-gyrous umbo is subterminal; umbonal angle about 120 degrees; antero-dorsal margin very

long, nearly straight, or slightly convex; posterior dorsal margin straight. Ventral margin nearly straight,

parallel with posterior dorsal margin; much longer than the anterior margin, the posterior one is sub-

vertically truncated; a blunt carina extends from the umbo to the postero-ventral angle; escutcheon indistinct;

lunule not clear; surface smooth; hinge plate wide, sub-triangular; hinge formula shown as follows: 3a 3b P

Ⅲ/AⅡ 2 4b PⅡ; cardinal 2 and 4b strong, elongated; cardinal 3a strong, triangular; 3b narrow.

Measurements in mm.

Specimen Length Height

NU36-0075 31.0 9.7 Right internal mould

NU36-0083a 14.2 6.8 Right internal mould

NU36-0083b 14.2 6.8 Right external mould

Observation and comparisons.—The holotype reveals the complete internal feature and hinge structure.

The outline of the species is rectangular and flat. This new species resembles Anthonya subcantiana Na-

gao, from the Upper Aptian Miyako Group of NE Japan, but shows a bigger length/height ratio than A.

subcantiana. In its outline the present new species is similar to Anthonya igenokiensis Tashiro and Kozai,

from the Aptian Igenoki Formation in Shikoku, but its surface is covered with distinct concentric ribs.

Hayami (1965a) described Anthonya aff. subcantiana Nagao from the Barremian Ishido Formation in the

Sanchu area, thought A. elongate n.sp. has a more rectangle outline.

Occurrence.—Loc.30149

Family Cardiidae Lamarck, 1809

Genus Globocardium Hayami, 1965

Globocardium sphaeroideum (Forbes)

Pl.2, Figs.5-6

Cardium sphaeroideum Forbes, Forbes 1845, p.243, pl.2, fig.8. Protocardia sphaeroidea (Forbes), Woods

1908, pl.31, figs.2, 3; Hayami 1965b, pl.16, figs.1-6. Globocardium sphaeroideum (Forbes), Hayami 1975,

p.133.

Measurements in mm.

Specimen Length Height

NU36-0136 28.2+ 41.0 Left valve

NU36-0137 41.8+ 34.3 Right valve

NU36-0138 47.8 35.4 Right valve

Occurrence.—Loc.30149

Genus Granocardium Lamarck, 1809

Granocardium brevis Tashiro and Kozai

Pl.2, Fig.2

Granocardiumbrevis Tashiro and Kozai, Tashiro and Kozai 1988, pl.4, figs.1-13.

Measurements in mm.

Specimen Length Height
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NU36-0142 12.0 10.8 Right valve

NU36-0143 6.9 6.5 Left internal mould

NU36-0144 6.9 6.5 Left external mould

Occurrence.—Loc.30149

Granocardium ishidoense (Yabe and Nagao)

Pl.2, Figs.3-4

Cardium ishidoensis Yabe and Nagao, Yabe, Nagao and Shimizu 1926, p.48, pl.12, figs.9, 16, 18. Laevi-

cardium (?) ishidoensis (Yabe and Nagao), Hayami 1965b, pl.17, figs.8-10; Hayami 1975, p.134; Katto and

Tashiro 1978, pl.1, figs.12-15; Tashiro and Matsuda 1986, pl.77, figs.8, 9. Granocardium ishidoense (Yabe

and Nagao), Tashiro and Kozai 1988, p.59-60.

Measurements in mm.

Specimen Length Height

NU36-0061 25.7 50.0 Left valve

NU36-0062 26.2+ 36.4 Left valve

NU36-0114 9.4 10.5 Left valve

Occurrence.—Loc.30149

Family Cultellidae Davies, 1935

Genus Leptosolen Conrad, 1865

Leptosolen amabilis Tashiro and Kozai

Pl.2, Fig.10-11

Leptosolen amabilis Tashiro and Kozai, Tashiro and Kozai 1988, p.51, pl.2, figs.18-24.

Measurements in mm.

Specimen Length Height

NU36-0129 14.5 4.8 Right internal mould

NU36-0149 14.5 4.8 Left internal mould

NU36-0150 14.5 6.5 Left internal mould

Occurrence.—Loc.30151

Family Arcticidae Newton, 1891

Genus Ptychomya Agassiz, 1842

Ptychomya densicostata Nagao

Pl.3, Figs.13-14

Ptychomya densicostata Nagao, Nagao 1934, p.224, pl.28, fig.4; Hayami 1965b, pl.21, figs.1-4; Hayami

1975, p.137.

Measurements in mm.

Specimen Length Height

NU36-0024 60.5 28.6 Right external mould

NU36-0025 64.3 31.6 Left internal mould

Occurrence.—Locs.30152, 30111
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Family Icanotiidae Casey, 1916

Genus Scittila Casey, 1961

Scittila japonica Hayami

Pl.3, Fig.17

Scittila japonica Hayami, Hayami 1965b, p.126, pl.18, fig.1; Hayami 1975, p.136.

Measurements in mm.

Specimen Length Height

NU36-0010 52.5 19.5 Right internal mould

Occurrence.—Locs.30152, 30111

Scitilla dericatostriata Tashiro and Kozai

Pl.3, Figs.20-21

Scitilla dericatostriata Tashiro and Kozai, Tashiro and Kozai 1988, p.63, pl.3, figs.17, 18.

Measurements in mm.

Specimen Length Height

NU36-0011 44.8 19.4 Right internal mould

NU36-0084 31.8 19.0 Left internal mould

NU36-0086 29.0 16.8 Left internal mould

NU36-0087 29.4 16.9 Right internal mould

Occurrence.—Locs.30152, 30111

Order Myoida Stliczka, 1870

Family Corbulidae Lamarck, 1818

Genus Caestocorbula Vincent, 1910

Caestocorbla shikamai Hayami

Pl.1, Fig.6

Caestocorbla shikamai Hayami, Hayami and Oji 1980, p.436, pl.53, figs.8-12; Kozai 1987, figs.4-1-9.

Tashiro and Kozai 1991, pl.1, fig.7.

Measurements in mm.

Specimen Length Height

NU36-0156 20.4 17.0 Right internal mould

Occurrence.—Loc.30149

Family Hiatellidae Gray, 1824

Genus Panopea Menard, 1807

Panopea plicata (Sowerby)

Pl.2, Fig.22-24; Pl.3, Fig.1

Mya plicata Sowerby and Sowerby, 1823, p.20, pl.419, fig.3; Panopea plicata Sowerby and Sowerby 1835,

p.241; Hayami 1966, pl.22, figs.1-7; Hayami 1975, p.146.

Measurements in mm.

Specimen Length Height
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NU36-0029 40.4 21.5 Right valve

NU36-0054 31.3 17.1 Left valve

NU36-0053 18.5 11.4 Right valve

NU36-0055 29.1 17.7 Left valve

NU36-0056 26.5 18.4 Right valve

NU36-0072 50.1 29.7 Left valve

NU36-0101 32.5 20.2 Right valve

NU36-0117 26.4 18.4 Left valve

Occurrence.—Locs.30155, 30152

Subclass Anomalodesmata Dall, 1889

Order Pholadomyoida Newel, 1965

Family Pholadomyacea Gray, 1847

Genus Pholadomya Sowerby, 1823

Pholadomya miyamotoi Nagao

Pl.3, Fig.7

Pholadomya miyamotoi Nagao, Nagao 1943, p.158, pl.12, figs.8, 9; Hayami 1966, pl.22, figs.9-14, pl.23,

figs.3-5; Hayami 1975, p.149.

Measurements in mm.

Specimen Length Height

NU360012 19.0 18.1 Right valve

Occurrence.—Locs.30146, 30152

Genus Goniomya Agassiz, 1841

Gonyomya subarchiaci Nagao

Pl.2, Fig.8

Gonyomya subarchiaci Nagao, Nagao 1934, p.215, pl.29, figs.2, 3; Hayami 1966, pl.25, figs.1-13; Hayami

1975, p.150.

Measurements in mm.

Specimen Length Height

NU36-0047 21.4 12.1 Left valve

NU36-0048 27.6 17.0 Right valve

NU36-0107 14.5 9.1 Right valve

NU36-0108 30.7 13.7+ Right valve

Occurrence.—Locs.30149, 30152

Goniomya hayamii Tashiro and Kozai

Pl.2, Fig.7

Goniomya hayamii Tashiro and Kozai, Tashiro and Kozai 1991, p.198, pl.2, figs.1-6.

Measurements in mm.

Specimen Length Height

NU36-0135 11.5 11.2 Right valve
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Occurrence.—Loc.30151

Family Laternulidae Hedley, 1918

Genus Plectomya de Loriol, 1868

Plectomya concentrica Tashiro and Kozai

Pl.3, Fig.8

Plectomya concentrica Tashiro and Kozai, Tashiro and Kozai 1991, p.201, pl.2, figs.8-10.

Measurements in mm.

Specimen Length Height

NU36-0115 22.4 9.8 Left valve

NU36-0116 17.6+ 11.4 Left valve

Occurrence.—Loc.30152

Plectomya aritagawana Hayami

Pl.3, Fig.4

Plectomya aritagawana Hayami, Hayami 1966, p.168, pl.25, figs.14, 15, pl.26, fig.2; Hayami 1975; Tashiro

and Kozai 1991, pl.2, figs.18-23.

Measurements in mm.

Specimen Length Height

NU36-0063 16.1 8.3 Left valve

NU36-0064 19.8 10.2 Right valve

Occurrence.—Locs.30152, 30157
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Explanation of Pl.1
1-3: Anthonyaelongata sp. nov.; 4: Amphydonte sp. cf. A. subhaliotoidea (Nagao); 5: Amygdalum ishidoense (Yabe
and Nagao); 6: Caestocorbla shikamai Hayami; 7-8: Cucullaea obliquata (Amano); 9-12: Barbatia hiroyasensis sp.
nov.; 13-14: Eriphyla sp. aff. E. oblonga Freneix; 15-16: Cosmetodon nipponicus (Nagao); 17: Entolium san-
chuense Hayami; 18: Entolium ikedai Tashiro; 19-20: Entolium nishikawai, sp. nov.
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Explanation of Pl.2
1: Gervillia forbesiana d’Orbigny; 2: Granocardiumbrevis Tashiro and Kozai; 3-4: Granocardium ishidoense
(Yabe and Nagao); 5-6: Globocardium sphaeroideum (Forbes); 7: Goniomya hayamii Tashiro and Kozai; 8: Gon-
yomya subarchiaci Nagao; 9: Glycymeris matsumotoi Tashiro; 10-11: Leptosolen amabilis Tashiro and Kozai; 12-
13: Isognomon ichikawai Hayami; 14: Limatula Nagaoi Hayami; 15-18:Modiolus obatus sp. nov.; 19: Nanonavis
yokoyamai (Yabe and Nagao); 20: Neithea hanourensis Tashiro and Kozai; 21:Mesosaccella choshiensis
Hayami; 22-24: Panopea plicata (Sowerby); 26: Lopha nagaoi Hayami; 27: Neithea atava (Römer); 28: Nucula
sp.; 29: Nuculopsis shidoensis (Yabe and Nagao); 30: Parvamussium kimurai (Hayami)
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Explanation of Pl.3
1: Panopea plicata (Sowerby); 2-3: Plicatula kiiensis Hayami; 4: Plectomya aritagawana Hayami; 5: Pinna sp. cf.
P. robinaldia d’Orbigny; 6: Plicatula monobensis Tashiro and Kozai; 7: Pholadomya miyamotoi Nagao; 8: Plecto-
mya concentrica Tashiro and Kozai; 9-10: Pterinella shinoharai Hayami; 11-12: Astarte subsenecta Yabe and
Nagao; 13-14: Ptychomya densicostata Nagao; 15: Portlandia sanchuensis (Yabe and Nagao); 16: Pterotrigonia po-
cilliformis (Yokoyama); 17: Scittila japonica Hayami; 18-19: Rutitrigonia yeharai Kobayashi; 20-21: Scitilla derica-
tostriata Tashiro and Kozai; 22-23: Yabea sp. aff. Y.shinanoensis (Yabe and Nagao); 24: Rastellium carinatum
(Lamarck); 25-26: Yabea shinanoensis (Yabe and Nagao)
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Abstract

Early Cretaceous Bivalves from the Lower Hanoura Formation of the Monobegawa Group in

Tokushima, East Shikoku, are described. Forty eight species of thirty seven genera, including four new

species, are dealt with. The species are as follows: -

Nucula sp., Nuculopsis shidoensis (Yabe and Nagao), Portlandia sanchuensis (Yabe and Nagao), Mesosac-

cella choshiensis Hayami, Cosmetodon nipponicus (Nagao), Cucullaea obliquata (Amano), Nanonavis yok-

oyamai (Yabe and Nagao), Barbatia hiroyasensis sp. nov., Glycymeris matsumotoi Tashiro, Modiolus oba-

tus sp. nov., Amygdalum ishidoense (Yabe and Nagao), Pinna sp. cf. P. robinaldia d’Orbigny, Pterinella

shinoharai Hayami, Gervillia forbesiana d’Orbigny, Isognomon ichikawai Hayami, Entolium sanchuense

Hayami, Entolium ikedai Tashiro, Entolium nishikawai, sp. nov., Neithea hanourensis Tashiro and Kozai,

Neithea atava (Römer), Parvamussium kimurai (Hayami), Plicatula monobensis Tashiro and Kozai, Plica-

tula kiiensis Hayami, Limatula Nagaoi Hayami, Amphydonte sp. cf. A. subhaliotoidea (Nagao), Lopha na-

gaoi Hayami, Rastellium carinatum (Lamarck), Rutitrigonia yeharai Kobayashi, Pterotrigonia pocilliformis

(Yokoyama), Astarte subsenecta Yabe and Nagao, Yabea shinanoensis (Yabe and Nagao), Yabea sp. aff. Y.

shinanoensis (Yabe and Nagao), Eriphyla sp. aff. E. oblonga Freneix, Anthonyaelongata sp. nov., Globo-

cardium sphaeroideum (Forbes), Granocardiumbrevis Tashiro and Kozai, Granocardium ishidoense (Yabe

and Nagao), Leptosolen amabilis Tashiro and Kozai, Ptychomya densicostata Nagao, Scittila japonica

Hayami, Scitilla dericatostriata Tashiro and Kozai, Caestocorbla shikamai Hayami, Panopea plicata (Sow-

erby), Pholadomya miyamotoi Nagao, Gonyomya subarchiaci Nagao, Goniomya hayamii Tashiro and Kozai,

Plectomya concentrica Tashiro and Kozai, Plectomya aritagawana Hayami

Mollusks from the Barremian Lower Hanoura Formation,
Tokushima Prefecture

KOZAI Takeshi

―４４０―


	Mollusks from the Barremian Lower Hanoura Formation,Tokushima Prefecture
	1. Introduction
	2. Geological Setting and Age
	3. Sample localities
	4. Systematic paleontology
	Acknowledgments
	References
	Abstract


	目次（Contents
）


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeSansMM
    /AdobeSerifMM
    /AndaleMono
    /Apple-Chancery
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BLSGaijiST-Ftg
    /BLSGaijiST-Ftm
    /BLSGaijiST-Gth
    /BLSGaijiST-Jnb
    /BLSGaijiST-Jnl
    /BLSGaijiST-Jnm
    /BLSGaijiST-Mgb
    /BLSGaijiST-Mgh
    /BLSGaijiST-Mgm
    /BLSGaijiST-Mgu
    /BLSGaijiST-Mmm
    /BLSGaijiST-Rmb
    /BLSGaijiST-Rmh
    /BLSGaijiST-Rml
    /BLSGaijiST-Rmm
    /BLSGaijiST-Rmr
    /BLSGaijiST-Rmu
    /BLSGaijiST-Sgb
    /BLSGaijiST-Sgl
    /BLSGaijiST-Sgm
    /BLSGaijiST-Sgr
    /BLSGaijiST-Sgu
    /BLSGaijiST-Ssk
    /CapitalsRegular
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Charcoal
    /Chicago
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DFPGiHiCID-W7
    /DFPGothicCID-UB
    /DFPGyoShoCID-Lt
    /DFPKaiShoCID-Md
    /DFPKaiShoCID-UB
    /DFPKanTeiRyuCID-XB
    /DFPKoInCID-W4
    /DFPLeiGaSoCID-W9
    /DFPLeiShoCID-SB
    /DFPMaruMojiCID-SL
    /DFPMaruMojiCID-W9
    /DFPPOP1CID-SB
    /DFPPOP1CID-W12
    /DFPPOP1CID-W3
    /DFPPOP1CID-W9
    /DFPRuLeiCID-W7
    /DFPSNGyoShoCID-W5
    /DFPSoGeiCID-W5
    /DFPSoGeiCID-W7
    /DFPSoGeiCID-W9
    /DFPSumoCID-W12
    /DFPTFLeiShoCID-W5
    /EDIGJ-IWAGO2
    /EDIGJ-IWAMIN2
    /EdwardianScriptITC
    /FutoGoB101-Bold
    /FutoMinA101-Bold
    /Futura
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-CondExtraBoldObl
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /GadgetRegular
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GothicBBB-Medium
    /GthfrAlpha
    /GthHround
    /GthinAlpha
    /GthinHround
    /HeiseiKakuGothic-W5
    /HeiseiMincho-W3
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /Impact
    /Jun101-Light
    /Jun34-Medium
    /Jun501-Bold
    /KyokaICA-regular
    /LucidaHandwriting-Italic
    /MinIWA-Th-V3
    /Monaco
    /MonotypeSorts
    /MS-Gothic
    /MS-Mincho
    /NewYork
    /Osaka
    /Osaka-Mono
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Ryumin-Bold
    /Ryumin-heavy
    /Ryumin-Light
    /Ryumin-Medium
    /Ryumin-Ultra
    /SandRegular
    /ShinGo-Bold
    /ShinGo-Light
    /ShinGo-Medium
    /ShinGo-regular
    /ShinGo-Ultra
    /ShinseiKai-CBSK1
    /Skia-Regular
    /SMI-GAIJI-PLUS
    /SMI-KAZARI
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TechnoRegular
    /TextileRegular
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Univers
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /Univers-ThinUltraCondensed
    /Univers-UltraCondensed
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K 0
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FFFE5B002700570065006200287528000067D89A3B75EA8C5F000F900E6642308A302900270020006B30FA5765304F305D0020005B004351683059308B30BB30C330C83020003A00570045004200287528000067D89A3B75EA8C29005D002000>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.500000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing false
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [603.780 858.898]
>> setpagedevice


