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Late Cenozoic Elasmobranchs from the Hokuriku district, central Japan
Hiroaki KARASAWA*
Department of Earth Sciences, Faculty of Science, Kanazawa University

Abstract A total of 24 species distributed among 18 genera of elasmobranchs are
systematically described from the Miocene formations and the Pleistocene Zukawa
Formation in the Hokuriku District. Besides one species Scyliorhinus kasenoi new to
science, they consist of Hexanchus gigas, Dalatias licha, Squalus cfr. serriculus, Pristiophor-
us sp., Rajidae, gen. et sp. indet., Rhinoptera sp., Squatina sp., Eugomphodus acutissima, E.
cuspidatus, Odontaspis wvolax, Alopias superciliosus, Cetorhinus wmaximus, Carcharocles
megalodon, Parotodus benedeni, Isurus desori, I. hastalis, I. planus, 1. oxyrhinchus, Carchar-
odon carcharias, Hemipristis serra, Galeocerdo aduncus, Carcharhinus egevioni, C. priscus,
C. acanthodon, and Carcharhinidae, gen. et sp. indet.

Seven elasmobranch assemblages chronologically distinct are recognized and the late
Cenozoic paleoenvironment is inferred based on the assemblages (Table 6).

Introduction

In the Hokuriku district, Ishiwara (1921) first described some fossil elasmobranch teeth
from the Miocene deposits in the Noto Peninsula. After that, elasmobranch fossils were
reported by Kamei (1969), Nishimoto et al. (1980), Goto and Akabane (1982), Karasawa
(1983), Matsuura et al. (1984), Nakagawa and Yasuno (1985), Matsuura and Horita (1986),
Goto and Goto (1987) and Kuga and Nomura (1987).

Recently the writer could obtain about one thousand specimens of the elasmobranch
teeth, vertebrae and rostral teeth from the Miocene formations as the Wajimazaki
Formation, the Andaibara Formation, the Sekinobana Formation, the Higashi-innai
Formation, the Maenami Formation, the Hannoura Formation, the Suso Formation, the
Izumo Member of the Horimatsu Formation, the Takakubo Formation, the Kurahara
Formation and the Kinjosan Formation, and the Pleistocene Zukawa Formation in the
Hokuriku district. This paper deals with the description and stratigraphic distribution of
the Neogene elasmobranchs of the Hokuriku district. 24 species among 18 genera are
systematically described. A new species, Scyliorhinus kasenoi, (“Cat Shark”) is described
on the basis of teeth materials from the Suso Formation. A tooth of the basking shark
Cetorhinus is found from the Maenami Formation, which is the first record of the fossil
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tooth from the Japanese Miocene formations.

Seven elasmobranch assemblages characterized by the association of several dominant
genera are recognized. On the basis of the stratigraphic distribution of the assemblages,
the Late Cenozoic sequence in the district is divided into 6 zonules. The paleoenvironment
indicated by each elasmobranch assemblage is inferred, referring to the geographical and
the bathymetric distributions of the recent genera.

The described specimens are reposited at the Department of Earth Sciences, Faculty
of Science, Kanazawa University.
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Geologic and Stratigraphic Setting

The Late Cenozoic deposits are well developed in Toyama and Ishikawa Prefectures.
They carry rich and varied marine invertebrate and vertebrate faunas. As to the strati-
graphic classification of the Hokuriku district, the readers can refer to Kaseno (1965 and
1977). Materials of fossil elasmobranchs on which this paper is based were obtained from
the following 14 localities (Figure 1).

Locality 1.

Location : Coast of Kamogaura, Wajimazaki-machi, Wajima City [37° 24’ 15”N, 136° 54'E] .

Lithology, stratigraphic position and geologic age : Fine-grained calcareous sandstone and medium
-grained sandstone of the Middle Miocene Wajimazaki Formation, CN5a of Calcareous Nannoplankton
Zone by Okada and Bukry (Kami ef al., 1981).

Elasmobranch species : Dalatias licha, Squalus cfr. serriculus., Rajidae, gen. et sp. indet., Eugomphodus
acutissima, Odontaspis volax, Carcharocles megalodon, Parotodus benedeni, Isurus desori, I. hastalis, I. planus,
Carcharhinus egertoni, C. priscus.

Associated fauna : foraminifers-Bolivina cfr. robusta, Cassidulina subglobosa, Cibicides spp. ; molluscs
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- Fissidentalium yokokamai, Glovipallium crassivenium, Lucinoma acutilineatum : Echinoids-Linthia sp.
Locality 2.

Location : Andaibara, Monzen-machi, Fugeshi-gun [37° 19N, 136° 47'N] .

Lithology, stratigraphic and geologic age : Fine-grained calcareous sandstone of the Middle Miocene
Andaibara Formation, CNb5a of Calcareous Nannoplankton Zone by Okada and Bukry (Kami e/ al., 1981).

Elasmobranch species : Isurus hastalis, 1. planus.

Associated fauna : feraminifers-Cassidulina subglobosa, Cibicides spp. ; molluscs-Fissidentalium yo-
koyamai, Glovipallium crassivenium, Lucinoma acutilineatum.

Locality 3.

Location : Sekinobana, Togi-machi, Hakui-gun [37° 12" 40”N, 136° 41" 30"E] .

Lithology, stratigraphic position and geologic age : Pebbly conglomerate, coarse-grained sandstone,
coquina and fine to medium-grained sandstone of the Middle Miocene Sekinobana Formation, CN4 to
CNba of Calcareous Nannoplankton Zone by Okada and Bukry (Kami et al., 1981).

Elasmobranch species : Hexanchus gigas, Dalatias licha, Pristiophorus sp., Rhinoptera sp., Squatina sp.,
Eugomphodus acutissima, E. cuspidatus, Odontaspis volax, Alopias superciliosus, Carcharocles wmegalodon,
Isurus desori, I. hastalis, I. planus, Hemipristis serva, Galeocerdo aduncus, Carcharhinus egertoni, C. priscus,
C. acanthodon.

Associated fauna : foraminifers- Buccella tanai, Cassidulina margareta, Cibicides spp., Globigevina spp.
; molluscs-Ostrea sp., Chlamys sp., Fissidentalium yokoyamai, Glovipallium crassivenium, Lucinoma
acutilineatum ; echinoids-Linthia sp. ; mammals-Paleoparadoxia sp.

Locality 4.

Location : Kadoshima, Noto-machi, Fugeshi-gun [37° 17" 20”N, 137° 8'E] .

Lithology, stratigraphic position and geologic age : Coarse-grained sandstone of the Early Middle
Miocene Higashi-innai Formation, N. § of Blow’s scale.

Elasmobranch species : Squalus cfr. serviculus, Eugomphodus acutissima, Carchavhinus egertoni, C.
priscus.

Associated fauna : molluscs-Ostrea sp. ; osteichtyes-Diodon sp.

Locality 5.

Location : Maenami, Anamizu-machi, Fugeshi-gun [37° 12" 45”N, 137° 4 10"E] .

Lithology, stratigraphic position and geologic age : Fine-grained calcareous sandstone and pebbly
conglomerate of the Middle Miocene Maenami Formation.

Elasmobranch species : Eugomphodus acutissima, E. cuspidatus, Odontaspis volax, Celorhinus maximus,
Carcharocles megalodon, Isurus desori, I. hastalis, I. planus, Carcharhinus priscus, C. acanthodon.

Associated fauna : molluscs-Kolorapecten kagamianus ; mammals-Paleoparadoxia sp.

Locality 6.

Location : Hannoura, Notojima-machi, Kashima-gun [37° 6 20”N, 137° 56" 45"E] .

Lithology, stratigraphic position and geologic age : conglomerate of the Middle Miocene Hannoura
Formation.

Elasmobranch species : Hexanchus gigas, Eugomphodus cuspidatus, Carcharocles megalodon, Isurus
desori, 1. hastalis, 1. planus, Carcharhinus priscus, C. egertoni.

Associated fauna : mammals-Paleoparadoxia tabatai, Mesoplodon sp.

Locality 7.
Location : Hannoura, Notojima-machi, Kashima-gun [37° 7N, 136° 56’ 50"E] .

Lithology, stratigraphic position and geologic age : Fine-grained sandstone of the Middle Miocene
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Suso Formation.

Elasmobranch species : Hexanchus gigas, Squalus cfr. serviculus, Pristiophorus sp., Squatina sp., Eugom-
phodus cuspidatus, Carcharocles megalodon, Parotodus benedeni, Isurus desori, I. hastalis, I. planus, Scylior-
hinus kasenoi sp. nov., Carcharhinus egertoni, C. priscus.

Associated fauna : sponges-Aphrocallistes sp.

Locality 8.

Location : Hiuchidani, Shika-machi, Hakui-gun [37° 27'N, 136° 48" 45"E] .

Lithology, stratigraphic position and geologic age : Fine-grained standstone of the Middle Miocene
Izumo Member of the Horimatsu Formation, CN5a of Calcareous Nannoplankton Zone by Okada and
Bukry (Kami et al., 1981).

Elasmobranch species : Eugomphodus cuspidatus, Carchavocles megalodon, Isurus hastalis, I. planus,
Scyliorhinus kasenoi, Carcharhinus priscus.

Associated fauna : molluscs : Gloripallium crassivenium ; sponges-Aphrocallistes sp.

Locality 9.

Location : Wakihara, Kanazawa City [36° 34' 45”N, 136° 46’ 50"E] .

Lithology, stratigraphic position and geologic age : conglomerate of the basal part of the Takakubo
Formation (Late Miocene).

Elasmobranch species : Carcharocles megalodon, Isurus hastalis, Carcharhinus priscus.

Locality 10.

Location : Futamata, Kanazawa City [36° 33 40”N, 136° 46" 35"E] .

Lithology, stratigraphic position and geologic age : conglomerate of the basal part of the Takakubo
Formation (Late Miocene).

Elasmobranch species : Carcharhinus priscus.

Locality 11.

Location : Kurahara, Fukumitsu-machi, Nishitonami-gun [36° 35'N, 136" 50'E] .

Lithology, stratigraphic position and geologic age : andesitic sandstone of the Middle Miocene
Kurahara Formation, CN5a of Calcareous Nannoplankton Zone by Okada and Bukry (Tsubouchi MS).

Elasmobranch species : Carcharocles megalodon, Isurus hastalis, Isurus planus, Carcharhinus priscus.

Associated fauna : molluscs- Kotorapecten kagamianus, Mizuhopecten kimurai.

Locality 12.

Location : Futamata-machi, Kanazawa City [36° 41'N, 136" 50'E] .

Lithology, stratigraphic position and geologic age : andesitic sandstone of the Middle Miocene
Kurahara Formation, CN5a of Calcareous Nannoplankton Zone by Okada and Bukry (Tsubouchi MS).

Elasmobranch species : Carcharocles megalodon, Isurus hastalis, Isurus planus, Carcharhinus priscus.

Associated fauna : molluscs- Kotorapecten kagamianus, Mizuhopecten kimurai.

Locality 13.

Location : Kinjo-san, Daishoji-machi, Kaga City [36° 19' 50”N, 136° 19E] .

Lithology, stratigraphic position and geologic position : Sandstone of the Middle Miocene Daishoji
Formation.

Elasmobranch species : Carcharhinidae, gen. et sp. indet.

Associated fauna : molluscs-Anadara cfr. makiyamai, Chlamys hanzawae, Mizuhopecten kimurai,
Cultellus izumoensis, Turritella yoshidai (Bito et al., 1979).

Locality 14.
Location : Zukawa, Takaoka City [36° 45" 50”N, 136° 58'E] .
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Lithology, stratigraphic position and geologic age : Calcareous sandstone of the Early Pleistocene
Zugawa Formation.

Elasmobranch species : Carcharodon carchavias, Isuvus oxyrhinchus, Carcharhinus spp.
Associated fauna : molluscs- Mizuhopecten poculum, M. tokyoensis hokurikuensis.

Elasmobranch assemblages

A total of 29 species belonging to 20 genera of the elasmobranchs have been found from
the Miocene, the Pliocene and the Pleistocene formations in the Hokuriku district (Table
1). The species list in Table 1 was prepered from the results of the present as well as 14
localities cited from the previous works are chronologically arraged as follows.

1. Miocene.

Locality 15 ; Okuma, Uozu City. The Kurosedani Formation (Goto and Akahane,
1982).

Locality 16 ; Osawano-machi, Kaminikawa-gun. The Kurosedani Formation (Itoig-
awa el al., 1985).

Locality 17 ; Osawano-machi, Kaminiikawa-gun. The Higashibessho Formation
(Nishimoto et al., 1980).

Locality 18 ; Osawano-machi, Kaminiikawa-gun. The Otogawa Formation (Itoigawa
et al., 1985).

Locality 19 ; Yokoyama, Suzu City. The Najimi Formation (Kamei, 1969).

Locality 20 ; Tori, Iori-machi, Nanao City. The Iori Formation (Matsuura and Horita,
1986).

Locality 21 ; Iwaya, Nanao City. The Nanao Member of the Akaura Formation
(Kuga and Nomura, 1987).

Locality 22 ; Kanazu-machi, Sakai-gun. The Hosokubo Formation (Nakagawa and
Yasuno, 1985).

2. Pliocene.

Locality 23 ; Sobogaura, Notojima-machi, Kashima-gun. The Nozaki Formation
(Fuji, 1982).

Locality 24 ; Akasaki, Ota-machi, Nanao City. The Akasaki Formation (Matsuura
and Horita, 1986). '

3. Pleistocene.

Locality 25 ; Suginoya, Shio-machi, Hakui-gun. The Suginoya Formation (Matsuura
and Horita, 1984).

Locality 26 ; Maki-machi, Kanazawa City. The Omma Formation (Matsuura ef al.,
1984).

Locality 27 ; Yakata-machi, Kanazawa City. The Omma Formation (Matsuura et al.,
1984).

Locality 28 ; Higashinagae, Kanazawa City. The Omma Formation (Matsuura ef al.,
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1984).

Elasmobranch assemblage from each formation is characterized by several dominant
genera and also by some subdominant ones. The seven elasmobranch assemblages which
are shown in Table 3 can be discriminated in the Late Cenozoic beds of the Hokuriku
district. On the basis of the stratigraphic ranges of the shark assemblages mentioned
above (Table 2 and 3), it is possible to distinguish 6 zonules in the late Cenozoic marine
sediments in the Hokuriku district. As is clearly shown in Table 4, association of elasmo-
branch species changes at every stratigraphic horizons. Association of species in each
assemblage and the relative abundance in the frequency of occurrence is summarized in
Table 4.

The change in the association of species took place at horizons approximately at about
15 and 13 Ma in the Miocene age. The elasmobranch fauna existed prior to 15 Ma is
dominated by species of Carcharhinus, the faunas from 15 to 13.4 Ma contain species of
Isurus and Eugomphodus as dominant elements in addition to the species of Carcharhinus,
and the fauna after 11 Ma is dominated by Carcharhinus. Therefore, two transformations
of elasmobranch faunas are clearly recognized in 15 Ma and between 13.4 and 11-5 Ma.
As far as the elasmobranch fauna in the district is concerned, no fossil records have been
known in the interval from 13.4 to 11 Ma and 5 to 3 Ma.

Paleoenvironments

Table 5 shows the climatic and the bathymetric distributions, and the mode of life of
the living shark genera. The paleoenvironments and paleoecology of the Neogene and the
Quaternary elasmobranch assemblages can be inferred, referring to the climatic and
bathymetric distributions of the recent elasmobranchs (Table 6).

1. Carcharhinus-(Eugomphodus) assemblage.

Carcharhinus and Eugomphodus are neritic sharks dwelling in the tropical to subtropi-
cal seas. This fauna does not include only epipelagic forms. On the basis of the elasmo-
branch fauna, tropical to subtropical shallow sea environments can be inferred. Espe-
cially, the fauna of the Kurosedani Formation (Itoigawa ef al., 1985) contains Aefobalis and
Rhinoptera which are the dwellers in the tropical shallow seas.

2. Isurus-Carcharhinus-Eugomphodus assemblage.

This assemblage is mainly composed of neritic to epipelagic nektons in the tropical to
subtropical seas. An epipelagic nekton, Isurus is predominated. The assemblage con-
tains Hemipristis and Rhinoptera which are distributed in the tropical regions. The
frequency of these is, however, very low. The environment inferred by the elasmobranch
assemblage is subtropical to temperate shallow seas influenced by epipelagic waters having
high sea-water temperature in the upper layer.

3. Isurus-Carcharhinus assemblage.

Generic composition of this assemblage is similar to that of the former fauna but this
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does not contain Eugomphodus as a dominant element. Among species, the frequency of
nekton forms dwelling in epipelagic to mesopelagic seas is very high. On the contrary, the
frequency of benthic forms in shallow seas are found relatively very low. Except for
Hemipristis, an element of tropical environment, the genera of tropical to temperate seas
increase as compared with the former assemblage. Judging for these ecological data, the
assemblage may indicate neritic to epipelagic environment under warm sea-water temper-
ature.

4. Carcharhinus-Eugomphodus-Isurus assemblage.

The generic composition is similar to that of the former assemblage. The frequency
of epipelagic to mesopelagic forms is very high. There are no genera which are character-
istic to shallow seas and tropical seas. This assemblage indicates neritic to epipelagic
environment having warm sea-water temperature.

5. Carcharhinus assemblage.

This represents shallow sea environment with warm water temperature.

6. Carcharodon assemblage.

This assemblage is dominated by Carcharodon, a neritic to epipelagic dweller having
worldwide distributions. Therefore, this assemblage may reflect the neritic to epipelagic
environment.

7. Carcharodon-Carcharhinus assemblage.

This assemblage as well as the former assemblage indicates neritic to epipelagic
environment. ’

Systematic Description
Class Chondorichytes
Subclass Elasmobranchii
Superovder Squalomorphii
Order Hexanchiformis
Family Hexanchidae
Genus Hexanchus Rafinesque, 1810
Type species : Squalus griseus Bonnaterre, 1780
Geologic range : Jurassic-Recent.

Hexanchus gigas (Sismonda, 1861)
(Plate I, Figure 1)
1861 Notidanus gigas Sismonda, p. 460, pl. 1, fig. 13.
1907  Heptranchias andersoni Jordan, p. 101, fig. 3.
- 1969 Notidanus primigenius Agassiz : Menesini, p. 9, pl. 1, figs. 1-6.
1983  Hexanchus sp. : Uyeno et al, p. 29, pl. 1, figs. a-1.
1984  Hexanchus sp. A : Uyeno et al., p. 136, pl. 1, figs. 1-4, 7-9.
1985 Hexanchus sp. 1 : Itoigawa ef al., p. 26, pl. 4, figs. 4-19.
1985 Hexanchus sp. 2 : Itoigawa et al., p. 27, pl. 3, fig. 22 ; pl. 4, figs. 20-24.
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Materials : Three upper teeth specimens (KUE1645-1647) from Loc. 3 ; one lower tooth specimen
(KUE0001) from Loc. 6.

Diagnosis : Teeth morphology much different between upper and lower jaws ; upper
teeth with primary cusp, followed by one to a few small lateral cusplets on distal side ;
lower teeth with primary cusp possessing serrations at mesial side and many lateral
cusplets on distal side ; roots rectangular, wide and thin.

Descriptions : Upper teeth (KUE1645-1647) remain only primary cusps ; crowns with
weak cutting edge slender, elongate and conical. Lower tooth (KUE0001) possess
primary cusp and two lateral cusplets on distal part ; crown with sharp cutting edge ;
crown bears primary cusp with fine serrations at mesial direction ; mesial and distal
margins nearly straight ; labial face slightly convex and lingual face moderately convex
; root rectangular and thin.

Remarks : Heptranchias andersoni Jordan from the Miocene Formation of North
America (Jordan, 1907) has thick crown with fine serrations on the mesial margin of a
main cusp. The characters of the species quite coincide with ones of H. gigas. Therefore,
H. andersoni are considered to be synonymous with H. gigas. Notidanus primigenius from
the Miocene Formation in Italy (Menesini, 1969) has the primary cusp with fine serrations
on the mesial side. Thus, this species does not belongs to N. primigenius but is included
in H. gigas.

H. sp. A from the Oligocene Ashiya Group (Uyeno et al., 1984), H. sp. 1 and H. sp. 2
from the Miocene Mizunami Group (Itoigawa et al., 1985), and H. sp. from the Miocene
Chichibumachi Group (Uyeno et al., 1983) are identical with H. gigas on the basis of teeth
characters.

Occurrence : The species is known to occur in the Miocene formations as the Hannoura
Formation, the Suso Formation and the Sekinobana Formation.

Order Squaliformis
Family Dalatidae
Genus Dalatias Rafinesque, 1810
Type species : Squalus licha Bonnaterre, 1783
Geologic range : Eocene-Recent.

Dalatias liche (Bonnaterre, 1788)
(Plate 1, Figure 2)

1788 Squalus licha Bonnaterre, p. 12.

1977 Scymmorhinus licha (Bonnaterre) : Landini, p. 120, pl. 1, figs. 24-34.
1983  Dalatias sp. Karasawa, p. 188, pl. 53, fig. 7.

1984 Dalatias licha (Bonnaterre) : Keyes, p. 209, figs. 21-28.

1985 Dalatias licha (Bonnaterre) : Itoigawa et al., p. 44, pl. 21, figs. 24-29.

Materials : One lower tooth specimen (KUE0057) from Loc. 3.

Diagnosis : Teeth morphology much different between upper and lower jaws ; upper
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teeth small, needle-shaped ; lower teeth large, bladelike, triangular and bear fine serrations
; Toots rectangular and have medium labial hollow.

Descriptions : Lower tooth (KUE0057) lacks root ; crown with serrated cutting edge,
small, acute triangular, wide and thin ; mesial and distal margins slightly concave ; labial
face nearly flat and lingual face slightly convex.

Remarks : Dalatias sp. from the Miocene Wajimazaki Formation (Karasawa, 1983)
quite agrees with D. licha in the characters of crown.

Occurrence : The Miocene Sekinobana Formation.

Family Squalidae
Genus Squalus Linnaeus, 1758
Type species : Squalus acanthias Linnaeus, 1758
Geologic range : Cretaceous-Recent.

Squalus sp. cfr. S serriculus Jordan and Hannibal, 1923
(Plate I, Figures 3, 4)
Materials : One upper tooth specimen (KUE(0059) and three teeth specimens (KUE1483-1485) from Loc.
4 ; one lower tooth specimen (KUE0060) and twenty fragmental teeth specimens (KUE0200-0211, 1298-1315)
from Loc. 7.

Descriptions : Teeth small and very similar between jaws ; upper teeth triangular,
narrower, and more upright than lower teeth ; crowns with serrated cutting edge, low, wide,
and thick ; apexes of cusps strongly oblique to distal side ; mesial margins slightly convex
and distal margins nearly straight ; labial faces slightly convex and lingual faces moderate-
ly convex ; bases of crowns with notches on distal direction ; bases of 1abial faces protruded
to radical direction ; bases of labial and lingual faces of crowns with basal processes ; roots
with medium labial hollow, rectangular, wide and thick.

Remarks : This species has the largest tooth among all living and fossil species of the
genus Squalus. The characters of this species are very similar to ones of S. serriculus from
the Miocene Formation in California (Jordan and Hannibal, 1923) by having large crowns
with serrations. Squalus sp. 1 from the Miocene Mizunami Group (Itoigawa et al, 1985)
has the same characters as those of S. serviculus. It may be identical with S. serriculus. S.
almeidae Antnes and Jonet from the Miocene Formation in Europe (Antnes and Jonet,
1970), S. sp. 2 and S. sp. 3 from the Miocene Mizunami Group (Itoigawa ef al., 1985) have
smaller teeth with no serrations. Therefore, these three species are specifically different
from this S. cfr. serviculus.

Teeth of S. serriculus are large and bear the serrated cutting edges. These characters
are quite identical with those of Megasqualus orpiensis (Winkler) from Upper Paleocene to
Focene in Europe. Phylogenetic relationship may exist between S. serriculus and M.
orpiensis. S. cfr. serriculus occurs in the Early to early Middle Miocene deposits in Northern
Pacific region, including Japan and California.
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Occurrence : The Suso Formation and the Higashi-innai Formation.

Order Pristiophoriformes
Family Pristiophoridae
Genus Pristiophorus Muller and Henle, 1837
Type species : Pristis cirratus Latham, 1794
Geologic range : Cretaceous-Recent.

Pristiophorus sp.
(Plate I, Figure 5)

Materials : One rostral tooth specimen (KUE0061) from Loc. 3, three rostral teeth specimen (KUE0212
-0214) from Loc. 7.

Decriptions : Rostral teeth lack roots ; crowns slender, elongate, and thin ; apexes of
cusps rounded ; mesial margins with sharp cutting edge, slightly convex and distal margins
with very weak cutting edge, slightly concave ; bases of crowns rounded ; both of faces
nearly flat.

Remarks : The crowns of the specimens described above have parallel margins. This
character is closely related to that of P. /Zneatus from the Oligocene Poronai Group, P. sp.
from the Miocene Mizunami Group and the living species, P. japonicus but in our collec-
tions imperfect specimens are available and the further discussion is difficult.

Occurrence : The Miocene Sekinobana Formation and the Miocene Suso Formation.

Superorder Batoidea
Order Rajiformes
Family Rajidae
Rajidae, gen. et sp. indet.
(Plate I, Figure 6)

Materials : One tooth specimen (KUE0063) from Loc. 1.

Descriptions : Imperfect tooth material remains only crown, very small ; occulusal face
round pentagon, slightly concave ; lingual part of occulusal face protruded to lingual
direction.

Remarks : As the specimen is preserved imperfectly, further discussion is difficult
though the crown shows the Rajid tooth character. Two indiscriminated species of
Rajidae has been reported from the Miocene Mizunami Group (Itoigawa ef al, 1985). In
these species, the crown bears the occulusal surfaces strongly protruded to coronal direc-
tion. In this respect, the species from the Wajimazaki Formation differs from the species
from the Mizunami Group.

Occurrence : The Miocene Wajimazaki Formation.

Family Rhinopteridae
Genus Rhinoptera Cuvier, 1829
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Type species : Myliobalis marginata Gaint-Hilaive, 1809
Geologic range : Eocene-Recent.

Rhinoptera sp.
(Plate I, Figure 7)

Materials : Two fragmental teeth specimens (KUE0080, 1000) from Loc. 3.

Descriptions : Teeth wide and thin ; crowns wide, hexagonal and thin ; occulusal
surfaces nearly flat or slightly convex ; labial and lingual faces with many striae slightly
concave ; cervical bands clear and thin ; roots with parallel grooves, wide, rectangular and
thin.

Remarks : Although the specimens at hand are imperfectly preserved, they exhibit
diagnostic characters of the genus Rhinoptera. They are very similar to R. studeri Agassiz
from the Miocene formations in Europe (Leriche, 1927 and Cappetta, 1970) and Rhiinoplera
sp. from the Miocene Formation in Italy (Menesini, 1969), and R. sp. from the Miocene
Mizunami Group (Itoigawa ef al., 1985).

Occurrence : The Miocene Sekinobana Formation.

Superorder Squatinomorphii
Order Squatiniformes
Family Squatinidae
Genus Squatina Dumeril, 1806
Type species : Squalus squatina (Linnaeus, 1758)
Geologic range : Jurassic-Recent.

Squatina sp.
(Plate I, Figure 8)

Materials : One tooth specimen (KUE0400) from Loc. 3 ; three teeth specimens (KUE0062, 1288-1289)
from Loc. 6 ; one tooth specimen (KUE1290) from Loc. 7.

Descriptions : Teeth lack roots, small, slender, thick, erect and elongate ; crowns
having weak cutting edge ; distal and mesial margins nearly straight ; labial faces
moderately convex and lingual faces strongly convex ; crown bases wide ; bases of labial
faces with basal processes.

Remarks : These teeth are imperfect in preservation but coincide with the teeth of the
genus Squatina in the characteristic of crowns. They are similar to those of well-known
Miocene species, S. subserrata and S. sp. from the Miocene Mizunami Group (Itoigawa et
al., 1985) and it is difficult to make a clear distinction among them.

Occurrence : The Miocene Hannoura Formation.

Superorder Galeimorphii
Order Lamniformes
Family Odontaspidae

11
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Genus Eugomphodus Gill, 1862

Type species : Carcharias taurus Rafinesque, 1810

Remarks : The genus Odontaspis was divided into three genera (White, 1931) ; namely,
Paradontaspis White with type species O. platenensis, Odontaspis Agassiz with type species
Carcharias ferox and Synodontaspis White with type species C. taurus. After that, it was
classified that Paradontaspis platensis, the type species of Paradontaspis, was synonymous
with Synodontaspis taurus (Gurr, 1962). Menesini (1969) and Schultz (1971) applied the
divisions of White (1931) to the Miocene fossil species and they included Odoniaspis
acutissima and O. cuspidata in the subgenus Synodontaspis. Cappetta (1970) recognized two
species groups in recent species of Odontaspis, the O. taurus group and O. ferox group. The
Miocene fossil species can, also, be classified into the two species groups. He included O.
acutissima and O. cuspidata in the O. taurus group and O. mallosica in the O. ferox group.
Recently, Cappetta (1987) adapted Synodontaspis White as the genus. The living species,
Odontaspis taurus and the Miocene species, O. acutissima and O. cuspidata were transferred
by him from Odontaspis to Synodontaspis. According to Compagno (1984), the genus,
Odontaspis was divided into two genera ; one is the genus Eugomphodus Gill with type
species Carcharias laurus and the other is the genus Odonlaspis Agassiz with type species
C. ferox.

I agree with the opinion of Cappetta (1970). In my opinion, O. acutissima and O.
cuspidata constitute to an evolutionary linearge of the faurus group and the both species can
be transferred from Odonlaspis to FEugomphodus which includes Synodontaspis as the
synonym, following Compagno (1984). In the meantime, the Miocene species, O. mallosica
and O. volax, were included in the ferox group in the genus Odontaspis.

Geologic range : Cretaceous-Recent.

FEugomphodus acutissima (Agassiz, 1843)

(Plate I, Figures 11, 12)

1843  Odontaspis acutissima Agassiz, p. 294, pl. 37a, figs. 33, 34.

1927  Odontaspis acutissima Agassiz : Leriche, p. 57, pl. 8, figs. 1-8.

1969  Odontaspis (Synodontaspis) acutissima Agassiz : Menesini, p. 10, pl. 1, figs. 7-14.

1970  Odontaspis laurus Rafinesque : Antnes and Jonet, p. 133, pl. 4, figs. 5-11.

1970  Odontaspis acutissima Agassiz : Cappetta, p. 29, pl. 2, figs. 1-16.

1983  Odontaspis acutissima Agassiz : Karasawa, p. 35, pl. 53, figs. 18, 19.

1983  Odontaspis sp. Uyeno et al., p. 30, pl. 4, figs. a-i.

1985  Odontaspis acutissima Agassiz : ltoigawa et al., p. 35, pl. 12, figs. 5, 6, 14 ; pl. 13, figs. 1-28.
Materials : Three anterior teeth specimens (KUE0024, 0025, 1716) from Loc. 1, fourteen anterior teeth

specimens (KUE1676-1690) from Loc. 3 and two anterior teeth specimens (KUE1481, 1482) from Loc. 4.
Diagnosis : A species of Eugomphodus characterized by having striae on lingual face.
Descriptions : Teeth lacking roots, very similar between jaws, and large ;‘crowns with

sharp cutting edge, slender, elongate, erect or oblique, and strongly reflexed in lingual side
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; apexes of cusps slightly reflexed in labial side ; labial faces nearly flat and lingual faces
with some fine striae, strongly convex.

Remarks : Antnes and Jonet (1970) reported the occurrence of Odontaspis taurus
Rafinesque from the Miocene Formation in Portugal. This species is assignable to
Eugomphodus acutissima Agassiz having the crown with striae. Case (1980) described O.
acutissima from the Miocene Formation in Georgia but the teeth of them correspond well
to O. mallosica by the characters of crowns that bear one or two pairs of lateral cusplets
and no striae. O. sp. from the Oligocene Ashiya Group (Uyeno ef al., 1985) and O. sp. from
the Miocene Chichibumachi Group (Uyeno et al., 1983) can be identified with Eugomphodus
aculissima by having the crowns with striae. Fugomphodus acutissima ranges from
Oligocene (the Ashiya Group, Uyeno ef al., 1984) to Middle Miocene (this paper) in Japan.

Occurrence : The species occurred in the Miocene formations as the Sekinobana
Formation, the Wajimazaki Formation and the Higashi-innai Formation.

Eugomphodus cuspidatus (Agassiz, 1843)
(Plate I, Figures 13-17)
1843 Odontaspis cuspidata Agassiz, p. 290, pl. 37, figs. 45-49.
1921 -Carcharias cuspidatus (Agassiz) : Ishiwara, p. 10, pl. 7, figs. 12-21.
1969 Odontaspis (Synodontaspis) cuspidata Agassiz : Menesini, p. 13, pl. 1, figs. 15-16.
1970  Odontaspis cuspidata Agassiz : Cappetta, p. 32, pl. 3, figs. 6-10.
1971 Odontaspis cuspidata cuspidata Agassiz : Schultz, p. 319, pl. 1, fig. 6.
1974 Carcharias obliqua (Agassiz) : Hatai ef al., p. 20, pl. 2, figs. 1, 7, 10-12, 17-19.
1983 Odontaspis cfr. volax Le Hon : Karasawa, p. 188, pl. b3, figs. 12-16.
1984 Odontaspis sp. Uyeno and Uematsu, p. 37, pl. 5, figs. B-F.
1985  Odontaspis cfr. cuspidata Agassiz : Itoigawa et al., p. 36, pl. 12, figs. 18-22.

Materials : Three anterior teeth specimens (KUE0030, 1581, 1582) from Loc. 5, two anterior teeth
specimens (KUE0026, 0027), two lateral teeth specimens (KUE0028, 0029) and twenty fragmental teeth
specimens from Loc. 7 ; eleven fragmental teeth specimens (KUE1666, 1692-1702) from Loc. 3, one frag-
mental tooth specimen (KUE1719) from Loc. 8, ten fragmental teeth specimens (KUE1247-1257) from Loc.
6.

Diagnosis : Teeth large and very similar between jaws ; crowns with sharp cutting
edge, slender, and elongate ; bases of crowns bear one pair of lateral cusplets.

Descriptions : Teeth large and lack roots ; crowns with sharp cutting edge, slender,
elongate and oblique, and strongly reflexed in lingual side ; apexes of cusps slightly
reflexed in labial side ; bases of crowns conical and having a pair of small and wide lateral
cusplets with cutting edge ; mesial and distal margins slightly concave ; lingual faces
strongly convex and labial faces moderately convex ; lateral teeth with crowns wider and
much thinner than anterior teeth.

Remarks : This species is distinguished from E. acutissima by having wide cusps with
no striae. Hatai et al. (1974) described Carcharias obliqua from the Miocene Moniwa
Formation and Uyeno et al. (1984) reported O. sp. from the Miocene Bonjigawa Formation.

13
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Both species can be identified with E. cuspidatus in having wide crowns with no striae.

Occurrence : This species is known to occur in the Miocene formations as the
Wajimazaki Formation, the Sekinobana Formation, the Maenami Formation, the Han-
noura Formation, the Suso Formation and the Izumo Member of the Horimatsu Formation,
and the Nanao Member of the Akaura Formation (Kuga and Nomura, 1987).

Genus Odontaspis Agassiz, 1843
Type species : Carcharias ferox Risso, 1810
Geologic range : Cretaceous-Recent.

Odontaspis volax Le Hon, 1871
(Plate I, Figures 9, 10)
1871  Odontaspis volax Le Hon, p. 5.
1975  Odontaspis volax Le Hon : Bosch et al., figs. 4, 5.
1985 Odontaspis cfr. volax Le Hon : Itoigawa ef al., p. 36, pl. 12, figs. 7-13, 15-17.

Materials : One anterior tooth specimen (KUE0090) from Loc. 3 ; one lateral tooth specimen (KUE0091)
from Loc. 3.

Diagnosis : A species of Odontaspis characterized by having some pairs of lateral
cusplets.

Descriptions : Anterior tooth remains crown, and large ; crown with smooth cutting
edge, slender, elongate, conical and erect or slightly oblique to distal side ; base of crown
with no cutting edge, conical ; crown strongly reflexed in lingual direction ; apex of crown
reflexed in labial direction ; mesial and distal margins slightly concave ; labial face slightly
convex and lingual face strongly convex. Lateral tooth smaller and much thinner than
anterior tooth ; base of crown bear two pairs of lateral cusplets.

Remarks : The crowns of O. volax are more thick and conical than ones of O.
mollasica. The cutting edge of the species is weak as compared with ones of O. mollasica.

Occurrence : The Miocene Sekinobana Formation.

Family Alopidae
Genus Alopias Rafinesque, 1810
Type species : Squalus vulupinus Bonnaterre, 1780
Geologic range : Eocene-Recent.

Alopias superciliosus (Lowe, 1840)
(Plate II, Figure 2)
1840  Alopecias superciliosus Lowe, p. 18.
1958 Alopias acutidens Casier, p. 38, pl. 1, fig. 20.
1970  Alopias cfr. supertiliosus (Lowe) : Antnes and Jonet, p. 150, pl. 8, figs. 28, 29, 40, 41.
1980 Alopias supertiliosus (Lowe) : Case, p. 85, pl. 3, figs. 1-5.
Materials : One tooth specimen (KUE0032) from Loc. 3.

Diagnosis : Teeth small and very similar between jaws ; crowns with sharp cutting
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edge, slender, elongate, and strongly oblique to distal side ; roots with central ridge wide.

Descriptions : Tooth small ; crown with sharp and smooth cutting edge, slender,
elongate and strongly inclined to distal side ; mesial and distal margins slightly concave ;
labial face moderately convex and lingual face strongly convex ; base of crown wide ; base
of labial face protruded to radical direction ; cervial band clear, thin and wide ; labial face
of root nearly flat and lingual face with central ridge, strongly convex ; apexes of root
protruded to radical direction.

Remarks : Casier (1958) described A. acutidens with slender and elongate crown
inclined to the distal direction from the Miocene Bissex Hill Formation in Barbados. In
the characters, it is quite identical with the living species, A. superciliosus. Therefore, A.
acutidens can be synonymous with A. superciliosus. A. superciliosus has been reported from
the Miocene Formation in Portugal (Antnes and Jonet, 1970), America (Case, 1980),
Barbados (Casier, 1958) and Japan (this paper). It lives in the present-day oceans.

Occurrence : The Miocene Sekinobana Formation.

Family Cetorhinidae
Genus Cetorhinus Blainville, 1816

Type species : Squalus maximus Gunner, 1765

Remarks : Cetorhinus maximus, a living species of the Genus Celorhinus is a plankton
feeder in epipelagic waters of worldwide distributions. Leriche (1908) described the gill
raker’s fossil, C. parvus from the Oligocene Formation in Europe. After that, the teeth of
this species have been known from the Oligocene to Miocene formations in Europe (Her-
man, 1979 and Bosch, 1984).

Bosch (1984) recently rexaminated the living and the fossil Ceforhinus. He recognized
two unnamed living species (Ceforhinus sp. 1 and C. sp. 2) and one unnamed Pliocene to
Miocene species (C. sp. 3), and indicated that C. parvus may belong to the other genus.
Certainly, two living species figured by him can be distinguished each other in the teeth
characters and the gill raker’s dimensions. However, these difference in the teeth and gill
raker’s dimension may merely represent variations caused by the stage at the step of
growth because the growth ratio between body length and the teeth dimension significantly
varies ontogenetically. Therefore, the writer does not agree with the opinion of Bosch
(1984) and includes C. maximus in Cetorhinus. In addition to this, C. parvus can also be
included in Cetorhinus as stated by Cappetta (1987).

Cetorhinus is known to occur from the Oligocene and the later deposits. C. parvus
occurs in the Oligocene and Miocene deposits and C. maximus from the Miocene to Recent.

Geologic range : Oligocene-Recent.

Cetorhinus maximus (Gunner, 1765)
(Plate II, Figure 1)

1765  Squalus maximus Gunner, p. 33.
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1974 Cetorhinus maximus (Gunner) : Herman et al. : p. 23, pl. 1, fig. 7.
1977  Cetorhinus maximus (Gunner) : Landini, p. 111, pl. 7, figs. 18, 19.
1984  Cetorhinus sp. type 3, Bosch, p. 214, figs. 23-39.

Materials : One tooth specimen (KUE(0033) from the Maenami Formation at Loc. 4.

Diagnosis : Teeth small and very similar between jaws ; crowns with sharp cutting
edge, hocklike ; labial face with fine striae.

Descriptions : Tooth imperfectly preserved and small ; crown with sharp cutting edge,
triangular, wide, thick, and reflexed strongly in lingual direction ; apex of crown oblique
to distal side ; mesial margin strongly convex and distal margin gently concave ; labial face
with many fine striae gently convex and lingual face moderately convex ; base of crown
with no cutting edge and rounded ; remaining root wide, thin, high and conical.

Remarks : The fossil tooth of the genus Ceforhinus is the first record from the
Japanese Miocene formations. It is identified with the living species, Cetorhinus maximus
in having the above-mentioned characters. It differs from the fossil species, C. parvus by
having slender crown and the wide root. Ceforhinus sp. 3 illustrated by Bosch (1984) from
the Early Pliocene to Middle Miocene formations in Europe has similar characters and can
be identified with C. maximus. C. maximus appears at the Miocene time although
Cappetta (1987) indicated that C. maximus occurred the Pliocene deposits.

Occurrence : The Miocene Raenami Formation.

Family Otodontidae
Genus Carcharocles Jordan and Hannibal, 1923

Type species : Carcharodon auliculatus Blainville, 1818

Remarks : Casier (1960) divided the genus -Carcharodon into the three genera,
Palaeocarcharodon, Procarcharodon and Carcharodon. Based on tooth morphology, he
considered that each genus constitutes an evolutionary lineage ; Paleocarcharodon was
differentiated from Crelolamna appendiculata during the Paleocene time ; Procarcharodon
was derived from Ofodus obliqua subserata during the Eocene time, and Carcharodon from
Isurus estheri during the Miocene time. According to Cappetta (1987), Procarchardon with
type species Carcharodon angustidens is the subjective synonym with Carcharocles with
type Carcharodon auliculatus. In this paper, the writer follows the opinion of Cappetta
(1987) and used the genus Carcharocles.

Geologic range : Paleocene-Pleistocene?.

Carcharocles megalodon (Agassiz, 1843)
(Plate 1V, Figure 11 ; Plate V, Figure 1 ; Plate VI, Figure 1)
1843  Carcharodon megalodon Agassiz, p. 7, pl. 4, figs. 1-6 ; pl. 5, figs. 1-3.
1921  Carcharodon megalodon Agassiz : Ishiwara, p. 5, pl. 10, fig. 33 ; pl. 11, figs. 1-8 ; pl. 12, figs. 1, 2.
1970  Procarcharodon megalodon (Agassiz) : Cappetta, p. 26, pl. 6, figs. 2.
1982  Carcharodon megalodon Agassiz : Goto and Akahane, p. 3, pl. 1, figs. a-c.
1984 Carcharodon megalodon Agassiz : Uyeno and Sakamoto, p. 49, pl. 1, figs. 1-4 ; pl. 2, figs. 1-3, pl. 3,
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figs. 1, 2 ; pl. 4, figs. 1-3, pl. 5, figs. 1-4. pl. 1, figs. a-c.
1987  Carcharocles megalodon (Agassiz) : Goto and Goto, p. 126, pl. 1, figs. 2.

Materials : One upper anterior tooth specimen (KUE(0034) and one lower anterior tooth specimen
(KUE0035) from Loc. 12 ; one lateral tooth specimen (KUE(0095) from Loc. 9 ; two fragmental teeth
specimens (KUE1677, 1642) from Loc. 3 ; one fragmental tooth specimen (KUE1709) from Loc. 1 ; one
fragmental tooth specimen (KUE1286) from Loc. 7 ; one fragmental tooth specimen (KUE1287) from Loc.
6 ; one fragmental tooth specimen (KUE1068) from Loc. 5.

Diagnosis : Teeth with no lateral cusplets, large to very large : cutting edges with
serrations.

Descriptions : Upper anterior tooth (KUE0035) large and triangular ; crown with sharp
cutting edge, triangular, wide, and thick ; cutting edge with serrations having 12 to 15
identiations in 10 mm distance ; labial face nearly flat ; lingual face gently convex ; mesial
and distal margins gently convex ; cervical band clear and wide ; root wide and thick ;
apexes of root protruded to radical direction. Lower anterior tooth (KUE(0036) acute
triangular and narrower than upper anterior’s. Lateral tooth (KUE0095) triangular,
strongly oblique, and wider than anterior tooth.

Remarks : The specimens (KUE0034, 0035) are the largest among the specimens of C.
megalodon from Japan.

Ttoigawa et al. (1985) reported C. megalodon from the Early to the early Middle
Miocene Mizunami Group. Specimens from the Mizunami Group are small and a large
majority of the specimens has small lateral cusplets. These teeth are morphologically
similar to ones of C. megalodon from the Miocene Formation in Italy (Menesini, 1969 ; 1974)
and C. megalodon var. chubutensis (Amegino) from the Miocene Formation in Suisse
(Leriche, 1927). Recently, Cappetta (1987) regarded C. chubutensis teeth with lateral
cusplets in the Miocene age as a variety of C. megalodon and discriminated C. chubutensis
as a distinct species.

Occurrence : The species occurs in the Miocene formations as the Wajimazaki
Formation, the Sekinobana Formation, the Maenami Formation, the Suso Formation, the
Kurahara Formation and the Hannoura Formation.

Genus Parotodus Cappetta, 1980

Type species : Oxyrhina benedeni Le Hon, 1871

Remarks : This is a monotypic genus including only P. benedeni. P. benedeni had
been included in the genus Isurus until recently Cappetta (1980) erected the new genus
Parotodus with Oxyrhina benedeni Le Hon (1871) as the type species. Parolodus was
probably derived from the genus Ofodus (Cappetta, 1987). Ecologically, species of Par-
otodus seems to epipelagic dwellers because it is rarely found in the shallow deposits (Kuga,
1985 and Cappetta, 1987).

Geologic range : Miocene-Pleistocene?

Parvotodus benedeni (Le Hon, 1871)
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(Plate II, Figures 3-5)
1871  Oxyrhina benedeni Le Hon, p. 6.
1942 Alopias grandis Leriche, p. 73, pl. 5, figs. 21, 22.
1974 Isurus benedeni (Le Hon) : Menesini, p. 134, pl. 1, figs. 10-17.
1974 Isurus moniwaensis Hatai, Masuda and Noda, p. 19, pl. 2, figs. 20, 22.
1975  Isurus sp., Itoigawa et al., pl. 22, fig. 11.
1977  Isurus benedeni (Le Hon) : Landini, p. 108, pl. 5, figs. 15-17.
1979  Isurus cfr. benedeni (Le Hon) : Nishimoto and Ujihara, p. 60, pl. 9, fig. 11.
1985  Isurus bemedeni (Le Hon) : Itoigawa et al., p. 41, pl. 20, fig. 14.
1985  Uyenoa benedeni (Le Hon) : Kuga, p. 14, pl. 10, fig. 3 ; pl. 11, figs. 1, 2.

Materials : Two anterior teeth specimens (KUE0036, 1608) and one lateral tooth specimen (KUE0038)
from Loc. 1 ; three lateral teeth specimens (KUE0037, 1284, 1285) from Loc. 7.

Diagnosis : Teeth large and similar between jaws ; crowns with sharp cutting edge very
thick ; lingual faces strongly convex and labial faces nearly flat ; both margins of anterior
teeth nearly straight but laterals strongly arched.

Descriptions : Anterior teeth remain crowns and large ; crowns with sharp cutting
edge, acute triangular, and markedly thick ; apexes of cusps slightly oblique to distal
direction ; mesial margins nearly straight at base to central part and convex at central part
of apex ; distal margins nearly straight ; labial faces slightly concave and lingual faces
strongly convex. Lateral teeth large ; crowns with sharp cutting edge, triangular, and
markedly thick ; apexes of cusps strongly oblique to distal side ; mesial margins strongly
convex and distal margins strongly concave ; labial faces nearly flat and lingual faces
strongly convex ; bases of crowns wide ; cervical band clear, wide, and thick ; root wide
and thick ; apexes of roots protruded to radical direction.

Remarks : Leriche (1942) described Alopias grandis from the Miocene Formation in
America. The teeth are wide, thick, large with arc-curved margins and these characters
are identified with ones of lateral teeth of P. benedeni. Therefore, A. grandis is consid-
ered to be synonymous with P. benedeni. Hatai et al. (1974) described I. moniwaensis from
the Miocene Moniwa Formation. The tooth of the species has the same characters as the
lateral tooth of P. benedeni and I. moniwaensis is regarded as the synonym of P. benedeni.

Occurrence : The Miocene Wajimazaki Formation and the Miocene Suso Formation.

Family Lamnidae
Genus Carcharodon Smith, 1838
Type species : Squalus carcharias Linnaeus, 1758
Geologic range : Pliocene-Recent.

Carcharodon carcharias (Linnaeus, 1758)
(Plate 1V, Figures 9, 10)
1758 Squalus carcharias Linnaeus, p. 235.
1843 Carcharodon sulcidens Agassiz, p. 259, pl. 30, figs. 3-7.
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1956 Carcharodon carcharias (Linnaeus) : Gherardoni, p. 35, pl. 1, figs. 1-14.

1975 Carcharodon carcharias (Linnaeus) : Itoigawa ef al., p. 96, pl. 20, figs. 1-26 ; pl. 21, figs. 1-7 ; pl. 22,
figs. 1-10.

1975  Carcharodon carcharias (Linnaeus) : Uyeno et al., p. 53, pl. 5, figs. a-c.

1977  Carcharodon carcharias (Linnaeus) : Landini, p. 105, pl. 2, figs. 1-3.

1987  Carcharodon carcharias (Linnaeus) : Goto and Geto, p. 127, pl. 1, fig. 4.

Materials : Four teeth specimens (KUE0101, 0102, 0110, 0111) from Loc. 14.

Diagnosis : Teeth large and similar between jaws ; crowns with sharp cutting edge
triangular ; cutting edges with very coarse serrations.

Descriptions : Teeth lack roots and large ; crowns with sharp cutting edge, wide, thin
and triangular ; cutting edges bear many coarse serrations ; mesial and distal margins
slightly concave ; labial faces nearly flat and lingual faces moderately convex.

Remarks : Once Ishiwara (1921) described C. carcharias from the Miocene Hannoura
Formation but his specimen is quite identical to the lateral tooth of Carcharocles
megalodon. Uyeno et al. (1975) reported the brain fossils of C. carcharias from the
Pliocene Nobori Formation.

Occurrence : The Pleistocene Zukawa Formation.

Genus Isurus Rafinesque, 1810
Type species : Isurus oxyrhinchus Rafinesque, 1810
Geologic range : Eocene-Recent.

Isurus desori (Agassiz, 1843)
(Plate II, Figures 6-9)
1843  Oxrhina desori Agassiz, p. 282, pl. 37, figs. 8-13.
1970 Isurus desori (Agassiz) : Cappetta, p. 19, pl. 2, fig. 17.
1980 Isurus oxyrhinchus Rafinesque : Uyeno ef al, p. 127, pl. 2, figs. e, g-k.
1980  Isurus oxyrhinchus Rafinesque : Case, p. 82, pl. 2, figs. 4-6 (non figs. 7, 8).
1983 ?lsurus desori (Agassiz) : Karasawa, p. 18, pl. 51, fig. 3.
1985 Isurus desori (Agassiz) : Itoigawa et al., p. 42, pl. 17, figs. 8-10 ; pl. 18, figs. 18-23 ; pl. 19, figs. 4-16
; pl. 20, figs. 7-9, 11.
1985 Isurus desori (Agassiz) : Kuga, p. 7, pl. 1, figs. 1-3 ; pl. 2, figs. 1-7 ; pl. 3, figs. 1-8.

Materials : One lower anterior tooth specimen (KUE0039), one upper first anterior tooth specimen
(KUE0040), three anterior teeth specimens (KUE1532-1534) and ten lateral teeth specimens (KUE0042, 1535
-1549) from Loc. 1 ; one upper second anterior tooth specimen (KUE0041), four anterior teeth specimens
(KUE1635-1638) and three lateral teeth specimens (KUE1639-1641) from Loc. 3 ; two lateral teeth speci-
mens (KUE1574, 1575) from Loc. 5 ; one lateral tooth specimen (KUE1279) from Loc. 6 ; four lateral teeth
specimens (KUE1280-1283) from Loc. 7.

Diagnosis : Teeth large and similar between jaws ; crowns slender.

Descriptions : Upper first anterior tooth (KUE0040) remains crown and large ; crown
with sharp cutting edge, slender, elongate, thin, and strongly inclined to distal side ; mesial
margin nearly straight and distal margin gently concave at base to central part, convex at
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central part to apex and concave at apex ; labial face nearly flat and lingual face
moderately convex. Upper second anterior tooth lacking root, similar to first anterior’s
; base of mesial margin without cutting edge, and rounded. Lower anterior tooth
(KUEO0039) lacks root and large ; crown with sharp cutting edge, slender, elongate, thick,
and oblique to distal side ; mesial margin nearly straight and distal margin gently convex
at base to central part and concave at central part to apex ; labial face nearly flat and
lingual face moderately convex. Lateral teeth large ; crowns with sharp cutting edge,
slender, acute triangular, thin and oblique to distal side ; mesial margins gently concave
from base to central part and nearly straight from central part to apex, and distal margins
nearly straight ; labial faces nearly flat and lingual faces moderately convex ; root with
strong central ridge, thick and wide ; lingual face of root with central groove ; apexes of
root protruded to radical direction.

Remarks : Uyeno et al. (1980) described I. oxyrhinchus from the Miocene Ichishi Group
and Case (1980) reported I. oxyrhinchus from the Miocene Trent Formation in Georgia.
The teeth specimens from the two localities mentioned above are nearly identical with
those of I. desori in main teeth characters.

Occurrence : The species is found in the Miocene formations as the Wajimazaki
Formation, the Sekinobana Formation, the Maenami Formation, the Hannoura Formation
and the Suso Formation.

Isurus hastalis (Agassiz, 1843)
(Plate III, Figures 1-7)
1843 Oxyrhina hastalis Agassiz, p. 277, pl. 34, figs. 3-17.
1921 Isurus hastalis (Agassiz) : Ishiwara, p. 2, pl. 1, figs. 19-26.
1977  Isurus hastalis (Agassiz) : Landini, p. 107, pl. 1, figs. 4-6 ; pl. 5, fig. 18.
1983 Isurus hastalis (Agassiz) : Karasawa, p. 186, pl. 51, figs. 2, 9-11 ; pl. 52, figs. 3, 4, 13.
1984  Isurus hastalis (Agassiz) : Uyeno and Uematsu, p. 36, pl. 4, figs. h-m.
1985  Isurus hastalis (Agassiz) : Kuga, p. 36, pl. 5, figs. 2, 3 ; pl. 6, figs. 1-4 ; pl. 7, figs. 1-3 ; pl. 8, figs. 1-6
;pl. 9, 1-3, 1-8.

1985 Isurus hastalis (Agassiz) : Itoigawa el al., p. 43, pl. 17, figs. 5-7, 11-15 ; pl. 18, figs. 13-17, 15-27.

Materials : Three anterior teeth specimens (KUE0045, 1545, 1546) and two lateral teeth specimens
(KUE0047, 1547) from Loc. 1 ; one lateral tooth specimen (KUE0098) from Loc. 2 ; twenty lateral teeth
specimens (KUE0048, 1629-1634, 1648-1664) from Loc. 3 ; one anterior tooth specimen (KUE1568) and five
lateral teeth specimens (KUE1569-1573) from Loc. 5 ; ten lateral teeth specimens (KUE0048, 1201-1209)
from Loc. 6 ; one anterior tooth specimen (KUE1210) and eight lateral teeth specimens (KUE1211-1218)
from Loc. 7 ; two lateral teeth specimens (KUE0041, 0047) from Loc. 9.

Diagnosis : Teeth similar between jaws and large for the genus ; crowns with sharp
cutting edge which has no serrations.

Descriptions : Anterior teeth large and acute triangular ; crowns with sharp cutting
edge, elongate, wide, thin, acute triangular and erect or slightly oblique to distal direction
; distal and mesial margins nearly straight ; labial faces nearly flat and lingual faces gently



Late Cenozoic Elasmobranchs from

convex. Crowns of lateral teeth more oblique than anterior’s to distal direction ; cervical
bands clear and thin ; root wide, thin and rectangular.

Remarks : I. hastalis commonly occurs in the Oligocene, Miocene and Pliocene deposits
of the world.

Occurrence : It is commonly found in the Miocene sequences as the Wajimazaki
Formation, the Andaibara Formation, the Sekinobana Formation, the Maenami Forma-
tion, the Hannoura Formation, the Suso Formation, the Izumo Member of the Horimatsu
Formation, the Kurahara Formation and the Takakubo Formation.

Isurus planus (Agassiz, 1856)

(Plate III, Figures 8, 9 ; Plate IV, Figures 1-7)
1856  Oxyrhina plana Agassiz, p. 275.
1907 Isurus planus (Agassiz) : Jordan, p. 107, fig. 9.
1921 Isurus hastalis (Agassiz) : Ishiwara, p. 2, pl. 10, figs. 1-14.
1983 Plsurus desori (Agassiz) : Karasawa, p. 187, pl. 51, figs. 3, 6-8 ; pl. 52, figs. 2, 5-7, 9-14.
1984  Isurus planus (Agassiz) : Uyeno and Uematsuy, p. 37, pl. 4, figs. N-W.
1985 Isurus planus (Agassiz) : Kuga, p. 9, pl. 4, figs. 1-5 ; pl. 5, fig. 1.

Materials : Twelve lateral teeth specimens (KUE0051, 1524-1531) from Loc. 1 ; one lateral tooth
specimen (KUE0070) from Loc. 2 ; twenty lateral teeth specimens (KUE1609-1628, 1665) from Loc. 3 ; one
anterior tooth specimen (KUE0050) and twenty lateral teeth specimens (KUE1548-1567) from Loc. 5 ; eight
lateral teeth specimens (KUE0091-0093, 1219-1224) from Loc. 6 ; eight anterior teeth specimens (KUE1225-
1232) and eighteen lateral teeth specimens (KUE0052-0054, KUE1233-1246) from Loc. 7 ; four lateral teeth
specimens (KUE1714-1717) from Loc. 8 ; one lateral tooth specimen (KUE0052) from Loc. 11.

Diagnosis : Teeth large and similar between jaws ; crowns with cutting edge ; crowns
of anterior teeth thick, and erect ; crowns of lateral teeth arched and thin.

Descriptions : Anterior teeth large ; crowns with sharp cutting edge, wide, thick, acute
triangular, and reflexed in lingual direction ; apexes of cusps erect or slightly oblique to
distal side ; mesial and distal margins gently concave at base to central part and nearly
straight at central part to apex ; labial faces nearly flat and lingual faces moderately
convex. Lateral teeth large ; crowns with sharp cutting edge, wide, thick, acute triangular
and reflexed in labial direction ; apexes of cusps strongly oblique to distal side ; mesial
margins strongly convex at base to central part and slightly concave at central part to apex
; distal margins strongly concave at base to central part and nearly straight at central part
to apex ; labial faces slightly concave and lingual faces slightly convex ; cervical band clear
and thin ; root wide, thick and rectangular.

Remarks : Isurus planus is similar to Isurus hastalis from the Early Miocene Mizunami
Group (Itoigawa et al., 1985). The margins of the teeth of Isurus planus possess more
much strong curved than ones of . hastalis. Therefore, the former species can be distin-
guished from 1. hastalis. Ishiwara (1921) and Hatai et al. (1974) regarded 1. planus as a
variety of 1. hastalis.

The distribution of this species is restricted to the Middle Miocene of the northern

21
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Pacific region, California and Japan.

Occurrence : This species occurred in the Miocene sequences as the Wajimazaki
Formation, the Andaibara Formation, the Sekinobana Formation, the Maenami Forma-
tion, the Hannoura Formation, the Suso Formation, the Izumo Member of the Horimatsu

Formation and the Kurahara Formation.

Isurus oxyrhinchus Rafinesque, 1810
(Plate 1V, Figure 8)

1810 Isurus oxyrhinchus Rafinesque, p. 12, pl. 13, fig. 1.
1954  Isurus cfr. glaucus (Muller and Henle) : Hoijier, p. 482, pl. 2, figs. 15, 16.
1956  Isurus oxyrhinchus Rafinesque : Gherardoni, p. 37, pl. 2, fig. 15.
1977  Isurus oxyrhinchus Rafinesque : Landini, p. 110, pl. 3, figs. 1-8.
non 1980 Isurus oxyrhinchus Rafinesque : Case, p. 82, pl. 2, figs. 4-8.
non 1980 Isurus oxyrhinchus Rafinesque : Uyeno ef al. p. 127, pl. 2, figs. E, G-K.
non 1981 Isurus oxyrhinchus Rafinesque : Case, p. 57, pl. 2, figs. 3-5.
1985  Isurus oxyrhinchus Rafinesque : Kuga, p. 13, pl. 10, fig. 1.

Materials : One lateral tooth specimen (KUE0103) from Loc. 14.

Diagnosis : Teeth large and similar between jaws ; crowns slender for the species of the
genus.

Descriptions : Tooth large and lacks root ; crown with sharp cutting edge, slender,
acute triangular, thin and oblique to distal side ; mesial margin gently concave from base
to central part and nearly straight from central part to apex, and distal margin nearly
straight ; labial face nearly flat and lingual face moderately convex.

Remahks : Case (1980) reported I. oxyrhinchus from the Miocene Trent Formation in
America but his specimens obviously belong to the teeth of I desori. Case (1981) also
described I. oxyrhinchus from the Eocene Formation in America. However, in main tooth
characteristics, his specimens are quite identical with the specimens of 1. praecurusor. I.
oxyrhinchus may be a descendant of 1. desori and fossil records of it can be go back to the
Pliocene time (Landini, 1977 and Kuga, 1985).

Occurrence : The Pleistocene Zukawa Formation.

Order Galeiformis
Family Scyliorhinidae
Genus Scyliorhinus Blainville, 1816
Type species : Squalus canicula Linnaeus, 1788
Geologic range : Cretaceous-Recent.

Scyliorhinus kasenoi, nov. sp.
(Plate VI, Figures 1-4)
Materials : Three anterior teeth specimens (KUE0002, 1316-1317) and eight lateral teeth specimens
(KUE0003-0005, 1318-1322) from Loc. 7 ; one lateral tooth specimen (KUE1720) from Loc. 8.
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Holotype : One anterior tooth specimen (KUE0002) from the Suso Formation at Loc.

Paratype : Two lateral teeth specimens (KUE0003 and KUE(0004) from the Suso
Formation at Loc. 7.

Type locality : Hannoura, Notojima-machi, Kashima-gun, Ishikawa Prefecture [37° 7’
N, 136" 56" 50"E] .

Formation : The Middle Miocene Suso Formation.

Etymology : Named in honor of Professor Emeritus Yoshio Kaseno of Kanazawa
University, an eminent geologist.

Diagnosis : Teeth very small (1.5-3.0mm) and similar between jaws ; crowns elongate,
conical towards apex, depressed with development of weak cutting edges, and reflexed in
lingual direction ; labial faces moderately convex and lingual faces strongly convex ; beses
of crowns with many fine striae, broad, and possesses no or some pairs of very small lateral
cusplets with striae.

Descriptions : Holotype (IKUEQ0002) ; -nearly perfectly preserved anterior tooth with a
length of 3.0mm ; crown with weak cutting edge, elongate, slender, conical towards apex
and reflexed in lingual direction ; apex of cusp oblique to distal side ; mesial and distal
margins slightly concave ; labial face with coarse striae moderately convex and lingual
face with many fine striae, strongly convex ; base of crown broad and developed one small
lateral cusplet at distal side ; lateral cusplet with weak cutting edge, conical toward apex
of cusp ; both edges of base at labial side protruded to radical direction ; root wide and
thick ; labial face nearly flat and lingual face of root with strong central ridge and deep
central groove, and strongly convex ; apexes of root protruded to radical direction.
Paratype (KUE0003) ; -nearly perfectly preserved lateral tooth with a length of 2.0mm ;
crown with weak and smooth cutting edge, slender, elongate, and conical toward apex ;
apex of cusp strongly oblique to distal direction and reflexed in lingual side ; mesial and
distal margins slightly concave ; labial face with fine striae slightly convex and lingual face
with fine striae strongly convex ; bases of crowns broad and possess single pair of very
small lateral cusplets ; lateral cusplets with smooth margins and some fine striae, conical
toward apex of cusp ; bases of distal and mesial edges at labial faces protruded to radical
direction ; root wide and thick ; labial face of root nearly flat and lingual face of root with
central groove strongly convex ; apexes of root protruded to radical direction. Lateral
tooth of Paratype (KUE0004) lacks root, very small (tooth length of 1.5bmm) ; crowns with
weak cutting edge, slender, elongate, conical toward apex and slightly oblique to distal
direction ; mesial and distal margins slightly concave ; labial face with fine striae
moderately convex and lingual face with fine striae strongly convex ; base of crown board
and bears one pair of small lateral cusplets ; lateral cusplets with weak cutting edge and
some fine striae, conical toward apex of cusp. Referred specimens (KUE0005, 1316-1322,
1720) very small (tooth length of 1.5-3.0mm) but show diagnostic characters of the species.

Remarks : The present new species is the first record of the Scyliorhinid from the
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Japanese Miocene formations.

The well-known Miocene species, Scyliorhinus distans has the crown with large lateral
cusplets and rough striae. S. kasenoi is clearly distinguished from S. disfans in having
small crown with fine striae. S. kasenoi is similar to S. joleaudi Cappetta from the
Miocene Formation in France (Cappetta, 1970) and S. coupatezi Herman et al. from the
Early Pliocene Formation in Belgium (Herman et al, 1975). However, the teeth of S.
joleaudi and S. coupatezi are slender, reflex strongly in distal direction and possess small
and slender lateral cusplets as compared with ones of S. kasenoi.

Occurrence : This species occurred in the Miocene Suso Formation and the Miocene
Izumo Member of the Horimatsu Formation.

Family Hemigaleidae
Genus Hemipristis Agassiz, 1843
Type species : Hemipristis serra Agassiz, 1843
Geologic range : Eocene-Recent.

Hemipristis serra Agassiz, 1843
(Plate VI, Figure 5, 6)
1843  Hemipristis serra Agassiz, p. 237, pl. 27, figs. 18-30.
1970 Hemipristis serra Agassiz : Cappetta, p. 28, pl. 11, figs. 1-18.
1985 Hemipristis serva Agassiz : Itoigawa el al., p. 29, pl. 6, figs. 1-15.

Materials : One upper tooth specimen (KUE0065) from Loc. 11 ; one upper tooth specimen (KUE0070)
from Loc. 3.

Diagnosis : Teeth moderate in size and very different in upper and lower jaws ; crowns
of upper teeth with serrated cutting edge, triangular ; crowns of lower teeth with cutting
edge, slender and elongate.

Descriptions : Upper teeth remain crowns and moderate in size ; crowns with cutting
edge, triangular, wide, thin and reflexed in labial direction ; apexes of crowns oblique to
distal side ; mesial margins with fine serrations strongly convex and distal margins with
very coarse serrations at base to central part, strongly concave ; labial faces slightly
concave and lingual faces gently convex.

Remarks : Hemipristis serra has many fine serrations as compared with H. cruvatus.
The upper tooth of H. elongatus has finer serrations than that of H. serra.

Occurrence : The Miocene Sekinobana Formation and the Miocene Kurahara Forma-
tion.

Family Carcharhinidae
Genus Galeocerdo Muller and Henle, 1837
Type species : Squalus cuvier Leusueur, 1822
Geologic range : Eocene-Recent.
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Galeocerdo aduncus Agassiz, 1843
(Plate Vill, Figures 8, 9)
1843  Galeocerdo aduncus Agassiz, p. 231, pl. 26, figs. 24-28.
1970  Galeocerdo aduncus Agassiz : Cappetta, p. 50, pl. 12, figs. 1-21.
1985  Galeocerdo aduncus Agassiz : Itoigawa et al., p. 30, pl. 5, figs. 1-24.
Materials : Two teeth specimens (KUE0065, 0098) from Loc. 3.

Diagnosis : Teeth very similar between jaws ; crowns with main cusp and many lateral
cusplets, moderate ; main cusp slender for the genus ; cutting edges possess fine serrations.

Descriptions : Tooth remains main cusp and one lateral cusplet (KUE0065) and tooth
remains main cusp (KUE0098), moderate in size ; crowns with cutting edge, wide, thick and
strongly oblique to distal direction ; cutting edges with many fine serrations ; mesial
margins moderately convex and distal margins slightly concave ; labial faces nearly flat
and lingual faces moderately convex.

Remarks : G. latidens (Agassiz) (including G. alabamaensis Leriche as the synonym)
from the Eocene beds is distinguished from G. aduncus by having small teeth with coarse
serrations and small subcusps. G. cuvieri (Leusueur) differs from G. aduncus by having
large teeth with fine serrations and large main cusps.

Occurrence : The Miocene Sekinobana Formation.

Genus Carcharhinus Blainville, 1816
Type species : Carcharhinus melanopierus Quoy and Gaimard, 1824
Geologic range : Eocene-Recent.

Carchavhinus acanthodon (Le Hon, 1871)
(Plate VI, Figure 16)

1871  Carcharias acanthodon Le Hon, p. 9, pl. 1, figs. 17-23.
1969  Carcharhinus (Hypoprion) lusitanicus Jonet, p. 67, pl. 1, figs. 1-8, 10-16 ; pl. IV, figs. 26, 27.
1969  Carcharias (Hypoprion) acanthodon (Le Hon) : Menesini, p. 28, pl. 7, figs. 17-19.
1970  Hypoprion acanthodon (Le Hon) : Antnes and Jonet, p. 168, pl. 15, figs. 100-108.
1974 Negaprion sp. Itoigawa and Nishimoto, p. 250, pl. 83, fig. 48.
1985 “Negaprion” cfr. acanthodon (Le Hon) : Itoigawa et al., p. 34, pl. 7, figs. 1-22.

Materials : One upper tooth specimen (KUE0023) from Loc. 3.

Diagnosis : Teeth very different between upper and lower jaws, small to moderate ;
crowns of upper teeth with cutting edge, slender, elongate and possess some very coarse
serrations at base ; crowns of lower teeth with cutting edge, slender, erect and bear no
serrations.

Descriptions : Imperfectly preserved upper tooth moderate ; crown with sharp cutting
edge, slender, elongate, thin and oblique to distal direction ; base of crown with some very
coarse serrations, board ; both margins nearly straight ; labial face nearly flat and lingual
face moderately convex ; cervical band clear and thin ; root rectangular, wide and thin.

Remarks : Hasegawa and Uyeno (1967) and Itoigawa and Nishimoto (1974) included C.
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acanthodon in the genus Negaprion. However, the living Negaprion aculidens has no
serrations at the base of the crown and N. breviostris has very fine serrations at the base
of the crown. These two species have comparatively wide cusps and large crowns.
Therefore, C. acanthodon does not belong to the genus Negaprion. On the other side, the
living species, Carcharhinus hemiodon and C. macloti which may be included in the genus
Hypoprion have comparatively small teeth, narrow cusps, and very coarse serrations at
bases of crowns of upper teeth. Those teeth characters are quite identical with those of
C. acanthodon.
Occurrence : The Miocene Sekinobana Formation.

Carcharhinus egervtoni (Agassiz, 1843)
(Plate I, Figures 9-12)

1843  Corax egertomni Agassiz, p. 228, pl. 36, figs. 6, 7.
1942 Prionodon egertoni (Agassiz) : Leriche, p. 80, pl. 7, figs. 1-11, 13-22.
1942 Sphyrna (?) americana Leriche, p. 86, pl. 6, figs. 6-8.
1970  Carcharhinus egerioni (Agassiz) : Antnes and Jonet, p. 189, pl. 15, figs. 110-111.
1974 Carcharhinus egertoni (Agassiz) : Menesini, p. 114, pl. 7, figs. 7-15.
1980 Carcharhinus aff. egertoni (Agassiz) : Nishimoto ef al, p. 214, pls. 12-13.
1983 Carcharhinus sp. Karasawa, p. 187, pl. 53, fig. 9.
1985  Carcharhinus egertoni (Agassiz) : ltoigawa el al., p. 31, pl. 11, figs. 11-29.

Materials : Two upper teeth specimens (KUE0010, 1721) and one lower tooth specimen (KUE0013) from
Loc. 3 ; eight upper teeth specimens (KUE1401-1408) and two lower teeth specimens from Loc. 4 ; one lower
tooth specimen (KUE1583) from Loc. 5 ; twelve upper teeth specimens (KUE1001-1012) from Loc. 6 ; twenty
-six upper teeth specimens (KUE0011, 0013, 1046-1069) and nine lower teeth specimens (KUE1070-1078)
from Loc. 7.

Diagnosis : Teeth small and dissimilar between jaws ; crowns of upper teeth with sharp
cutting edge, acute triangular ; crowns of lower teeth with sharp cutting edge at apex to
central part, slender, and elongate ; cutting edges developed fine serrations.

Descriptions : Upper teeth moderate ; crowns of upper teeth with sharp cutting edge,
acute triangular, wide, thin and oblique to distal side ; cutting edges with fine serrations
from apex to base and with rough serrations at base ; mesial margins moderately convex
and distal margins slightly concave ; labial faces nearly flat and lingual faces moderately
convex. Lower teeth small to moderate ; crowns of lower teeth with sharp cutting edge,
slender, elongate and slightly oblique to distal side ; crowns with fine serrations at apex to
central part and round at central part to base ; both margins nearly straight ; labial faces
nearly flat and lingual faces moderately convex. Roots of upper and lower teeth with
weakly central ridges and central grooves on lingual faces, rectangular, wide and nearly
flat. Apexes of roots moderately protruded to radical direction.

Remarks : This is well-known from the Miocene formations in the world and the
occurrence of C. egerfomi in Japan was reported by Nishimoto and Itoigawa (1977).
Sphyrna americana is considered to be synonymous with C. egerfoni, because Sphyrna
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americana Leriche are merely large forms of C. egerfoni.

Occurrence : It is known to occur in the Miocene sequences as the Sekinobana
Formation, the Higashi-innai Formation, the Maenami Formation, the Hannoura Forma-
tion and the Suso Formation.

Carcharhinus priscus (Agassiz, 1843)
(Plate VI, Figures 13-15)
1843  Sphyrna phisca Agassiz, p. 234, pl. 24, figs. 35-49.
1927  Sphyrna prisca Agassiz : Leriche, p. 85, pl. 16, fig. 18.
1969  Cestracion priscus (Agassiz) : Menesini, p. 35, pl. 6, figs. 10-16.
1983  Carcharhinus sp. Karasawa, p. 187, pl. 53, fig. 11.

Materials : eighteen upper teeth specimens (KUE0007, 1501-1517) and six lower teeth specimens
(KUE1518-1523) from Loc. 1 ; thirty-three upper teeth specimens (KUE0009, 1668-1673, 1803-1821) and eight
lower teeth specimens (KUE0008, 1674, 1675, 1822-1826) from Loc. 3 ; fifty-four upper teeth specimens
(KUE1411-1464) and sixteen lower teeth specimens (KUE1465-1480) from Loc. 4 ; ten upper teeth specimens
(KUE1584-1593) and twelve lower teeth specimens (KUE1594-1607) from Loc. 5 ; twenty-nine upper teeth
specimens (KUE1013-1041) and four lower teeth specimens (KUE1042-1045) from Loc. 6 ; ninety-three
upper teeth specimens (KUE1079-1171) and twenty-nine lower teeth specimens (KUE1173-1200) from Loc.
7 ; ten upper teeth specimens (KUE1721-1730) from Loc. 8 ; ten upper teeth specimens (KUE2500-2509) from
Loc. 10.

Diagnosis : Teeth small and dissimilar between jaws ; crowns of upper teeth with
cutting edge, triangular ; crowns of lower teeth with cutting edge, slender ; cutting edges
bear fine serrations.

Descriptions : Upper teeth moderate ; crowns of upper teeth with sharp cutting edge,
acute triangular, wide, thin and oblique to distal side ; cutting edges with fine serrations ;
mesial margins moderately convex and distal margins moderately concave ; labial faces
nearly flat and lingual faces moderately convex. Lower teeth small to moderate ; crowns
of lower teeth with sharp cutting edge, slender, elongate, thin and oblique to distal direction
; cutting edges with fine serrations ; both margins nearly straight ; labial faces nearly flat
lingual faces moderately convex. Roots of upper and lower teeth, rectangular, wide and
thin.

Remarks : The occurrence of this species in Japan were first recorded from the
Miocene Mizunami Group by Itoigawa and Nishimoto (1974). The upper tooth of Carchar-
hinus priscus with equal and fine serrations is easily distinguished from ones of C. egertoni
which the crown has equal and fine serrations near apex and unequal and rough serrations
at base. The lower tooth of C. priscus with fine serrations differs from ones of C. egertoni
with fine serrations at apex to central part.

Occurrence : The species occurs in the Miocene formation as the Wajimazaki Forma-
tion, the Sekinobana Formation, the Higashi-innai Formation, the Maenami Formation,
the Hannoura Formation, the Suso Formation, the Izumo Member of the Horimatsu
Formation, the Kurahara Formation and the Takakubo Formation.
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Carcharhinidae gen. et sp. indet.
(Plate IX, Figures 1-3)

Materials : Three vertebrae (KUE0019-1921) from Loc. 12.

Descriptions : Cranial and caudal surfaces with scripted ring groups, nearly round and
concave ; canals of haemal arches at dorsal surface and neural arches at ventral surface
clear, and rectangular : wall faces of canals of neural arches at ventral surface slightly
convex and that of ventral surface nearly flat ; canals of neural arches wider than ones of
haemal arches ; lateral faces nearly flat ; vertebrae plate 1.5 to 1.8mm in thickness.

Remarks : These vertebrae were collected from the same locality and are considered
to come from the same individual.

These vertebrae belong to the vertebrae of the family Carcharhinidae because the
cranial and caudal surfaces are round with ring groups, the canal of haemal arch at the
dorsal surface and the canal of neural arch of the ventral surface form rectangular grooves,
the lateral surfaces are nearly flat, and the notchoral foramen does not open. The
features of these specimens are also similar to ones of Carcharhinus egerion: from the
Higashibessho Formation (Nishimoto ef al., 1980 as C. aff. egertoni).
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Figure 1. Map showing the fossil localities of elasmobranchs in the Hokuriku district
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Table 1.

Faunal Hst of clasmobranchs from the Late Cenozolc formatlons in the
Hokurlku district.

Age Miocene Plio-Pleistocene
Area | royama Noto Kaga |Toyama| Noto |Kaga
CE e
Formation | ™ —E . g : o o o S o
S oMl E 2R S m g =} o ™ I .
S8 o|lLw S8 E ™8 algagd p g S
BicligeigiEelwE|lEE82 E |mEE .
Species Eho| PO EEE SR ESEIEE g % |5EY E
N T olmzwzE<E<mal@|8e 8T Q Z w a| O
Hexanchus gigas (Sismonda) + + + o+
Dalatias licha (Bonnaterre) + + +
Squatis (CJfgidzir?rf;h}lxsannibal) * * * *
Pristiophorus sp. +
Rajidae), gen. et sp. indet. +
Dasyatis sp. + +
Aetobatis sp. +
Rhinoptera sp. + + +
Squatina sp. + + o4+
Eugomphodus acutissima (Agassiz) + + + o+ + o+ + +
E. cuspidatus (Agassiz) + o+ + 4+ o+ o+ o+ o+
Odontaspis volax (Le Hon) + +
Alopias superciliosus (Lowe) + +
Cetorhinus maximus (Gunner) +
C. sp. +
Paratodus benedeni (Le Hon) + + o+ 4+
Carcharocles megalodon (Agassiz) + + o+ o+ + o+ o+ o+ o+ |+ +
Carcharodon carcharias (Linnaeus) + + o+ o+ +
Isurus desori (Agassiz) + + o+ + o+ o+ o+
I. hastalis (Agassiz) + L S e S N S + o+
I. planus (Agassiz) + o+ o+ o+ o+ o+ o+ +
I. oxrhinchus (Rafinesque) +
Scyliorhinus kasenoi nov., sp. + +
Hemipristis serra Agassiz) +
Galeocerdo aduncus Agassiz + + +
G, cuvieri (lesuer) +
Carcharhinus acanthodon (Le Hon) + +
C. egertoni (Agassiz) + o+ + + O T S
C. priscus (Agassiz) + + + + o+ + o+ o+ 4+ o+ o+ + o+ o+
C. spp. + +
Carcharhinidae, gen. et sp. indet. +
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Table 3. List of elasmobranch assemblages from the Hokuriku district

Age

Formation

Assemblage

Dominant species

Subdominant species

Early Pleistocene

Omma F., Suginoya F.,
Zukawa F.

Carcharodon - Carcharhinus

Carcharodon carcharias

Carcharhinus spp.

Late Pliocene Nozaki F., Sakiyama F. Carcharodon Carcharodon carcharias
Late Takakubo F., Otogawa F.| Carcharhinus Carcharhinus priscus
Carcharhinus priscus
Hannoura F., Suso F., Carcharhinus - Eugomphodus Eugomphodus cuspidatus | Scyliorhinus kasenoi
Horimatsu F. Isurus Isurus hastalis Isurus desori
Isurus planus
Middle and upper Carcharhinus priscus Eugomphodus acutissma
: . Sekinobana F., . B . .
Miocene Middle Kurahara F., Maenami F., Carcharhinus - Isurus Isurus hastalis Eugomphodus cuspidatus
Wajimazaki F. Isurus planus Isurus desori
14 Ma
Carcharhinus priscus
Lower Sekinobana F., Isurus - Carcharhinus Eugomphodus acutissima Isurus desori
Eugomphodus cuspidatus Odontaspis volax
Nanao F. - Eugomphodus Isurus hastalis Carcharhinus egertoni
Isurus planus
15 Ma

Higashi-innai F.,
Kurosedani F.

Carcharhinus - (Eugomphodus)

Carcharhinus priscus

Eugomphodus acutissima

9¢




Table 4. Associations of elastmobranch assemblages from the Late
Cenozoic forma tions in the Hokuriku district.

Assemblage 1

I3+
[45]
=Y
(2]
[=2]
~

Species

Hexanchus gigas VR
Dalatias licha

Squalus cfr.serriculus R

fox JN= s B oS
jas}
jas}

Pristiophorus sp.
Dasyatis sp. R R
Aetobatis sp. VR

Rhinoptera sp. R VR

Squatina sp. VR R
Eugomphodus acutissima F C F

(@]
o]
(@]

E. cuspidatus
Odontaspis volax F

Alopias superciliosus VR VR

Cetorhinus maximus VR

C. sp. VR

Paratodus benedeni VR R R
Carcharocles megalodon R R R R R VR
Carcharodon carcharias c C
Isurus desori ¥ F F

I. hastalis R
I. planus c C C

I. oxyrhinchus R

(@]
(]
o]
jas]

Scyliorhinus kasenoi VR
Hemipristis serra VR VR

Galeocerdo aduncus R R

G. cuvieri R
Carcharhinus acanthodon VR

C. egertoni R

O =
0w
o+
o]

C. priscus C
C. sSpp. C

C; Common, F; Frequent, R; Rare, VR; Very rare.

1; Carcharhinus-(Eugamphodus) ass., 2; Isurus-
Carcharhinus-Eugamphodus ass., 3; Isurus-Carcharhinus
ass., 4; Carcharhinus-Eugomphodus-Isurus ass., 5;
Carcharhinus ass., 6; Carcharodon ass., 7; Carcharodon

-Carcharhinus ass.



Table 5. The climatic and bathymetric distribution, and the modes of life of the
recent elasmobranchs.

Climate [Bathymetry|Mode of life

Genus

Tropical
Subtropical
Temperate
Neritic
Epipelagic
Mesopelagic
Benthos
Nekton
Plankton

+
+

Hexanchus
Dalatias

Squalus

+
+
+ 4+ o+ o+

Pristiophorus

+ o+ + o+ o+
+

Dasyatis
Aetobatis
Rhinoptera

+ 4+ o+ +

Squatina

Eugomphodus

+
+ 4+ 4+ 4+ o+ o+ o+ o+ o+ o+

Odontaspis
Alopias

-+

Cetorhinus

Isurus

+ 4+ o+ o+

Carcharodon

+ 4+ 4+ 4+ o+ + + o+

+ 4+ 4+ o+

Scyliorhinus

Hemipristis

+

Galeocerdo

+ O+ + + + F o+ + o+ o+ o+ o+ o+ o+ A+ o+ o+ o+

+ O+ 4+ o+ o+ o+ o+ o+ o+ o+

+ 4+ 4+ o+ o+

Carcharhinus




Table 6. Late Cenozoic Elasmobranch Assemblages and Inferred Paleoenvironments of the Hokuriku District

Age

Formation

Assemblage

Environment

Early Pleistocene

Omma F., Suginoya F.

Zukawa F.

Carcharodon-Carcharhinus

neritic to epipelagic

environment
Late Pliocene Nozaki F., Sakiyama F. Carcharodon
Late Takakubo F., Otogawa F.| Carcharhinus shallow sea with high
temperature
Hannoura F., Suso F., Carcharhinus-Eugomphodus . . .
neritic to epipelagic
Horimatsu F. -Isurus .
environment under
Middle and upper warm sea-water
Sekinobana F. .
Middle Kurahara F., Maenami F., Carcharhinus-Isurus temperature
M Waiimazaki F.
iocene
14 Ma subtropical to temperate
Lower Sekinobana F., Isurus-Carcharhinus g.hallow environment
influenced by epipelagic
waters having high sea-
A F. - .
kaura Eugomphodus water temperature in the
upper layer
15 Ma
Higashi-innai F., ' tropical to subtropical
Kurosedani F. Carcharhinus-(Eugomphodus) cp 110y seq

6¢
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Explanation of Plate I

All figures x 1.5 otherwise stated.

Figure 1. Hexanchus gigas (Sismonda, 1861).
KUEO0001 : Lower lateral tooth. Loc. 6.

Figure 2. Dalatias licha (Bonnaterre, 1788).
KUE0057 : Lower tooth. Loc. 3.

Figures 3, 4. Squalus sp.

Figure 3. KUE0058 : Upper tooth. Loc. 4.
Figure 4. KUE0059 : Lower tooth, Loc. 7.
Figure 5. Pristiophorus sp. KUE0061 : Rostoral tooth. Loc. 3.
Figure 6. Rajidae, gen. et sp. indet. x 15.
KUE0063 : Tooth. Loc. 1.
Figure 7. Rhinoptera sp. KUE0080 : Tooth. Loc. 3.
Figure 8. Squatina sp. KUE0062 : Tooth. Loc. 6.
Figures 9, 10. Odontaspis volax (Le Hon, 1871).
Figure 9. KUE0091 : Anterior tooth. Loc. 3.

Figure 10. KUE0092 :

Lateral tooth. Loc. 3.

Figures 11, 12. Eugomphodus acutissima (Agassiz, 1843).

Figure 11. KUE0024 :
Figure 12. KUE0025 :

Anterior tooth, Loc. 1.
Anterior tooth, Loc. 1.

Figures 13-17. Eugomphodus cuspidatus (Agassiz, 1843).

Figure 13. KUE0026 :
Figure 14. KUE0027 :
Figure 15. KUE0028 :

Figure 16. KUE0029

(a : Lingual view, b :

Anterior tooth, Loc. 7.
Anterior tooth, Loc. 7.
Lateral tooth, Loc. 7.

: Lateral tooth, Loc. 5.
Figure 17. KUE0030 :

Anterior tooth, Loc. 6.
Labial view, ¢ : Lateral view)
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Explanation of Plate II

All figures x 1.5 otherwise stated.
Figure 1. Cetorhinus maximus (Gunner, 1765)
KUEO0033 : Tooth, Loc. 5.
Figure 2. Alopias superciliosus (Lowe, 1833).
KUE0032 : Lateral tooth, Loc. 3.
Figures 3-5. Parotodus benedeni (Le Hon, 1871).
Figure 3. KUE0036 : Lateral tooth, Loc. 1. x 1.0.
Figure 4. KUE(0037 : Anterior tooth, Loc. 1.
Figure 5. KUE(0038 : Lateral tooth, Loc. 7.
Figures 6-9. Isurus desori (Agassiz, 1843).
Figure 6. KUE0039 : Lower anterior tooth, Loc. 1.
Figure 7. KUE0040 : Upper first anterior tooth, Loc. 1.
Figure 8. KUE(0041 : Upper second anterior tooth, Loc. 3.
Figure 9. KUE0042 : Lateral tooth, Loc. 1.
(a : Lingual view, b : Labial view, ¢ : Lateral view)
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Explanation of Plate III

All figures in natual size otherwise stated.
Figures 1-7. Isurus hastalis (Agassiz, 1843).
Figure 1. KUE(0044 : Anterior tooth, Loc. 3. x 1.5.
Figure 2. KUE0043 : Lateral tooth, Loc. 9.
Figure 3. KUE0098 : Lateral tooth, Loc. 2.
Figure 4. KUE0047 : Lateral tooth, Loc. 9.
Figure 5. KUE0048 : Lateral tooth, Loc. 3. x 1.5.
Figure 6. KUE0046 : Lateral tooth, Loc. 6.
Figure 7. KUE0045 : Anterior tooth, Loc. 1.
Figures 8, 9. Isurus planus (Agassiz, 1856).
Figure 8. KUE0053 : Lateral tooth, Loc. 7.
Figure 9. KUE0050 : Anterior tooth, Loc. 5.
(a : Lingual view, b : Labial view, ¢ : Lateral view)
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Explanation of Plate IV

All figures in natual size otherwise stated.

Figures 1-7. Isurus planus (Agassiz, 1856)

Figure 1. KUE0051 :

Figure 2. KUE0049
Figure 3. KUE0054
Figure 4. KUE0093

Figure 7. KUE0055

Lateral tooth. Loc. 1.

. Lateral tooth. Loc. 6. x. 1.5.
: Lateral tooth. Loc. 6. x 1.5.
: Lateral tooth, Loc. 7.

Figure 5. KUE0052 :
Figure 6. KUE0094 :

Lateral tooth, Loc. 11.
Lateral tooth, Loc. 6.

: Lateral tooth, Loc. 7. x 1.5.

Figure 8. Isurus oxyrhinchus Rafinesque, 1810.
KUEO0103 : Lateral tooth, Loc. 14.
Figures 9, 10. Carcharodon carcharias (Linnaeus, 1758).

Figure 9. KUE0101 :

Loc. 14.

Figure 10. KUE(0102 : Loc. 14.
Figure 11. Carcharocles megalodon (Agassiz, 1843).

KUE0095 : Loc. 9.

(a : Lingual view, b : Labial view, c : Lateral view)
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Explanation of Plate V

Figure 1. Carcharocles megalodon (Agassiz, 1843). x 0.8.
KUEO0034 : Upper anterior tooth, Loc. 12.
(a : Lingual view, b : Labial view, ¢ : Lateral view)
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Explanation of Plate VI

Figure 1. Carcharocles megalodon (Agassiz, 1843). x 1.0.
KUEO0035 : Lower anterior tooth, Loc. 12.
(a : Lingual view, b : Labial view, c : Lateral view)
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Explanation of Plate Vi

Figures 1-4. Scyliorhinus kasenoi, nov. sp. x 15.
Figure 1. KUE0002 (Holotype) : Loc. 7.
Figure 2. KUE0003 (Paratype-1) : Loc. 7.
Figure 3. KUE0004 (Paratype-2) : Loc. 7.
Figure 4. KUE0005 : Loc. 7.
Figures 5, 6. Hemipristis serra Agassiz, 1843. x 1.5.
Figure 5. KUE0070 : Upper tooth, Loc. 3.
Figure 6. KUE0022 : Upper tooth. Loc. 11.
Figures 7, 8. Galeocevdo aduncus Agassiz, 1843. x 1.5.
Figure 7. KUE0065 : Loc. 3.
Figure 8. KUE0098 : Loc. 3.
Figures 9-11. Carcharhinus priscus (Agassiz, 1843). x 1.5.
Figure 9. KUE0007 : Upper tooth, Loc. 1.
Figure 10. KUE0008 : Lower tooth, Loc. 3.
Figure 11. KUE0009 : Upper tooth, Loc. 3.
Figures 12-15. Carcharhinus egertoni (Agassiz, 1843). x 1.5.
Figure 12. KUE0010 : Upper tooth, Loc. 7.
Figure 13. KUE0011 : Upper tooth, Loc. 3.
Figure 14. KUE0012 : Lower tooth, Loc. 7.
Figure 15. KUE0013 : Upper tooth, Loc. 3.
Figure 16. Carcharhinus acanthodon (Le Hon, 1871). x 1.5.
KUE0023 : Loc. 3.
(a : Lingual view, b : Labial view, c : Lateral view)
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Explanation of Plate Vil

Figures 1-3. Carcharhinidae, gen. et sp. indet. x 1.0.
Figure 1. KUE(0019 : Vertebra, Loc. 13.
Figure 2. KUE0020 : Vertebra, Loc. 13.
Figure 3. KUE0021 : Vertebra. Loc. 13.
(a : Cranial or caudal view, b : Dorsal view, ¢ : Vental view, d : Lateral view)
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Plate VIII






