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Vertebrate remains from the Nakaminato and Futaba Groups:

The faunal turnover of predators of Northwest Pacific Ocean

during Late Cretaceous
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Abstract

Vertebrate fossils very rarely occurred from the Nakaminato and Futaba groups are taxonomically
and paleogeographically examined to advance the knowledge of the turnover of marine vertebrate
predators in the Late Cretaceous. The Nakaminato Group is the Upper Cretaceous (Campanian—
Maastrichtian) offshore-marine mudstone and sandstone turbidite exposed along the Pacific coast
in Ibaraki Prefecture. The Futaba Group is the Upper Cretaceous (Coniacian—Santonian) fluvial to
shallow-marine sandy deposits overlying the Lower Cretaceous granite and the Paleozoic deposits
located about 100 km north of the Nakaminato Group in Fukushima Prefecture. The vertebrate
paleobiodiversity and coexistence of marine predators (sharks, plesiosaurs, mosasaurs, and turtles)
in the Northwest Pacific Ocean during the Late Cretaceous are discussed based on the analytical
data of the examined specimens and the vertebrate fossil records from the other Japanese Cretaceous
deposits.

1. Sharks

At least three species of Cretalamna (C. aff. gertericorum, C. aff. deschutteri, and C. aff.
catoxodon), and another three species of Cretalamna (C. cf. borealis, C. cf. hattini, and C. cf.
catoxodon) coexisted in the Northwest Pacific during the Coniacian and the Santonian, respectively.
Their morphological difference of teeth could be evidence for multiple Cretalamna species to
coexist by segregating their diet of preying.

Carcharias gracilis is supposed to be a shark species that survived the Cretaceous—Paleogene
extinction event, but its occurrence has been limited to Europe. The present study confirms the
occurrence of Carcharias cf. gracilis from beach gravel which appears to be derived from the Isoai
Formation of the Nakaminato Group and indicates that this species was distributed in the Northwest
Pacific Ocean during the Maastrichtian.

A tooth of cf. Squalicorax sp. occurred from the Nakaminato Group as well as the Izumi Group
in southwestern Japan. The similarities between the Nakaminato and Izumi groups have been
pointed out in views of their structural positions, sedimentary facies, depositional cycles, and
molluscan fauna. But this study reveals that the genus Squalicorax was shared by the Nakaminato
and Izumi groups as a large predatory shark.

The range of the genus Johnlongia has been considered from the Albian to the Santonian, but the
occurrence of cf. Johnlongia sp. from the Nakaminato Group suggests that the range of this genus

may extend to the early Maastrichtian.
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In addition, fragmentary shark tooth fossils (Selachii ord., fam., gen. et sp. indet. type A—C)
occurred from the Isoai Formation of the Nakaminato Group. Therefore, it is expected that
continued investigation of the Nakaminato Group will provide more information on the shark fauna
in the Northwest Pacific Ocean during the Maastrichtian.

2. Plesiosaurs

The fossil records of Polycotylidae in Japan are limited from the upper Cenomanian to the upper
Turonian. However, the occurrence of a coracoid of polycotylid from the Ashizawa Formation of
the Futaba Group confirms that polycotylid was distributed in the Northwest Pacific Ocean in the
Coniacian. This specimen is the first described coracoid of a polycotylid from Japan. Furthermore,
the posterior part of the outer margin is equipped with a large, laterally developed sub-triangular
projection, characteristic of the subfamily Polycotylinae. Thus, it is suggested that a derivative
polycotylid member was distributed in the Northwest Pacific Ocean during the Coniacian.

3. Mosasaurs

The genus Plotosaurus has been known only from the upper lower Maastrichtian to the lower
upper Maastrichtian on the west coast of North America. However, two caudal vertebrae referable
to this genus occurred from the Nakaminato Group. These specimens indicate that "Plotosaurus-
type" mosasaurs with highly evolved tail fins to swim more efficiently were distributed in the
Northwest Pacific Ocean during the Late Cretaceous (Campanian to Maastrichtian). Most mosasaurs
are thought to have inhabited shallow seas, but the genus Plotosaurus may have preferred an
offshore environment far from the coast. Thus, it indicates that Mosasaurinae mosasaurs diversified
and pioneered deeper water off the continental coast in the Northwestern Pacific Ocean, at least in
early Maastrichtian.

4. Turtles

The Trionychidae was widely distributed from Asia to North America during the Late Cretaceous.
But there are few reports of large trionychids with carapace lengths exceeding 50 cm, limited from
the Santonian-Lower Campanian of Kazakhstan, the Lower Santonian of Tajikistan, and the
Campanian-Maastrichtian of North America. This study reveals that large soft-shelled turtles, with
a maximum carapace length estimated to have reached approximately 60 cm, were distributed in
the northwestern Pacific coasts during the early Maastrichtian. However, it is necessary to carefully

examine their habitats, whether they were in rivers, estuaries, or coastal waters.
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Figures and Tables

Figure 1-1-1. Cretaceous and Paleogene chronostratigraphy, geomagnetic polarity, isotopic
temperature, anoxic episodes, large igneous events, and global impacts. Generated by
TimeScale Creator v. 8.0 (https://engineering. purdue.edu/Stratigraphy/tscreator/index/index.
php). Note the isotopic temperature curves reconstructed from belemnites (blue), non-glassy
(black) and glassy (green) planktonic foraminifera (Grossman and Joachimski, 2020).

Figure 1-1-2. Paleogeographical maps (Scotese, 2016). A, Maastrichtian (70 Ma); B, Early
Campanian (80 Ma); C, Turonian (90 Ma).

Figure 1-1-3. Schematic phylogenetical relationships of Late Cretaceous marine reptiles modified
from Fischer et al. (2016) and Madzia and Cau (2020). Reconstructions of the ichthyosaur
Ophthalmosauridae from McGowan and Motani (2003), the plesiosaur Pliosauridae from
Peters (2014), Polycotylidae and Elasmosauridae from Motani (2009), the mosasaur
Tylosaurinae from Hartman (2015), Plioplatecarpinae from Lindgren et al. (2010),
Halisaurinae from Shinmura and Konishi (2018) and Mosasaurinae from PWNZ3R-Dragon
(2017). Reconstructions not at scale.

Figure 1-3-1. Upper Cretaceous strata bearing vertebrate remains in Japan. A, Stratigraphic
correlation of Late Cretaceous sediments throughout the Japanese Islands modified from Ando
and Takahashi (2017). B, Distribution map of Upper Cretaceous sediments modified from
Masukawa and Ando (2018).

Figure 2-1-1. Map of the study areas. A, map of Japan. Note the location of B (dashed box). B,
map of Ibaraki Prefecture and southern part of Fukushima Prefecture. Note the location of
Figure 2-1-2 (blue box) and the location of Figure 2-2-1 (red box).

Figure 2-1-2. Geological map of Pacific coastal area of Iwaki City, Hirono Town, and Naraha
Town in Fukushima Prefecture modified from Ando et al. (1995) and Kubo et al. (2002). Note
the study localities (red stars): F1-F5.

Figure 2-1-3. Stratigraphic column and vertebrate fossil horizons of the Futaba Group. Columnar
section modified from Ando et al. (1995).

Figure 2-1-4. Nonconformity boundary between the lowermost part of the Futaba Group and the
basement-rock granite. A, Outcrop at the upstream of Asami River. B, Basement-rock granite
and poorly sorted, subangular to subround conglomerate of the lowermost Asamigawa Member

(“facies 2” in Ando et al., 1995).



Figure 2-1-5. Erosional boundary as ravinment surface between the Obisagawa Member and the
Asamigawa Member. Locality F1 at Sakurazawa, Oriki, Hirono Town, Fukushima Prefecture.
A, Outcrop of locality F1. B, Calcareous rounded pebble conglomerate of the lowermost part
of the Obisagawa Member (“facies 8” in Ando et al., 1995).

Figure 2-1-6. Upper part of the Obisagawa Member. A, Outcrop at Ammonite Center, Iwaki City.
B, Hummocky cross-statified sandstone including many large-size ammonites (“facies 12” in
Ando et al., 1995).

Figure 2-1-7. Locality F3 at Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture. A, Outcrop of
locality F3. B, Calcareous rounded pebble conglomerate of the lowermost part of Obisagawa
Member (“facies 8” in Ando et al., 1995).

Figure 2-1-8. Locality F4 at Momonokizawa, Ohisa, Iwaki City, Fukushima Prefecture. A,
Outcrop of locality F4. B, Intervening rounded pebble conglomerate (“facies 9” in Ando et al.,
1995).

Figure 2-1-9. Locality F5 at Yamanokami, Ohisa, Iwaki City, Fukushima Prefecture. A, Outcrop
of locality F5. B, Massive fine sandstone including carbonized wood micro-fragments (“facies
13” in Ando et al., 1995).

Figure 2-2-1. Geological map of Pacific coastal area of Hitachinaka City in Ibaraki Prefecture
modified from Sakamoto et al. (1972), Masukawa and Ando (2018). Note the study localities
(red stars): N1-NS5.

Figure 2-2-2. Stratigraphic column and vertebrate fossil horizons of the Nakaminato Group.
Columnar section modified from Masukawa and Ando (2018). Silhouettes are drawn based on
illustrations of Apalone (Nakajima et al., 2017), Squalicorax (Shimada and Cicimurri, 2006;
Dmitry Bogdanov, 2008), Odontaspididae (Welton and Farish, 1993), and Plotosaurus
(Lindgren et al., 2007).

Figure 2-2-3. Locality N1 at Hiraiso coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of
locality N1. B, Siltstone of the unit HI3 of the Hiraiso Formation.

Figure 2-2-4. Locality N2 at Isozaki coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of
locality N2. B, Shark tooth occuring from the granule-pebble conglomerate of the unit Is2 of

the Isoai Formation.



Figure 2-2-5. Locality N3 at Isozaki coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of
locality N3. B, Trionychid costal occured from the sandstone of the unit Is3 of the Isoai
Formation.

Figure 2-2-6. Locality N4 at Isozaki coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of
locality N4. B, Shark tooth occured from the sandstone of the unit Is6 of the Isoai Formation.

Figure 2-2-7. Locality N6 at Isozaki coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of
locality N5. B, Shark tooth occured from the sandstone beach pebble. Photos supplied from
Teppei Sonoda.

Figure 4-1-1. Reconstructed dentitions of otodontid sharks. A, Cretalamna bryanti from Upper
Santonian or Lower Campanian, Dallas County, Alabama, USA (modified from Ebersole and
Ehret, 2018). B, Cretalamna cf. gertericorum from the Coniacian, Iwaki City, Fukushima,
Japan. C, Cretalamna gertericorum from Lower Turonian, Tourtia de Bettrechies, Northern
France (modified from Siversson et al., 2015). All tooth file designations are inferred.

Figure 4-1-2. Reconstructed dentitions of otodontid sharks. A, Cretalamna hattini from latest
Santonian or earliest Campanian, Logan County, Kansas, USA (modified from Siversson et al.,
2015). B, Cretalamna cf. deschutteri from the Coniacian, Iwaki City, Fukushima, Japan. C,
Cretalamna deschutteri from Lower Turonian, Tourtia de Bettrechies, Northern France
(modified from Siversson et al., 2015). All tooth file designations are inferred.

Figure 4-1-3. Reconstructed dentitions of otodontid sharks. A, Cretalamna cf. catoxodon from the
Coniacian, Iwaki City, Fukushima, Japan. B, Cretalamna catoxodon from Middle Cenomanian,
CY Creek, Western Australia (modified from Siversson et al., 2015). All tooth file
designations are inferred.

Figure 4-2-1. Cladogram of Leptocleidia plesiosaur modified from Fischer et al. (2018). A,
Leptocleidia. B, Polycotylidae. C, Polycotylinae. Coracoid of Mauriciosaurus is maybe
extracted from a juvenile individual. Coracoid skeches are based on Kear and Barrett. (2011),
Frey et al. (2017), Albright (2007), O’Keefe and Chiappe (2011), Sato (2005), Williston
(1903), and Schmeisser (2012).

Figure 4-3-1. Cladistic relationship of Plotosaurus and other mosasaurs. A, Skeletal
reconstruction of Plotosaurus reproduced from Lindgren et al. (2007) with permission of John
Wiley & Sons. B-C, Cladograms of Mosasauroidea and Mosasaurinae, respectively. These

cladograms are modified from Madzia and Cau (2017, 2020). D, Tail reconstructions with



hypothetical soft-tissue outlines of Mosasaurinae, reproduced from Lindgren et al. (2011) with
permission of Cambridge University Press. White triangles indicate the boundaries of the
pygal/intermediate caudals. Black triangles indicate the boundaries of the
intermediate/terminal caudals.

Figure 4-3-2. Computed-tomography-based virtual sections of caudal vertebrae of cf. Plotosaurus
sp., INM-4-17907 (A, B) and INM-4-15694 (C, D): Transverse (A, C), and mid-sagittal (C, D)
sections. Note that the cavity-filling matrix is darker gray in color than the bone tissue in (A)
and (B) whereas the opposite is noted in (C) and (D). Abbreviations: 1.(r.)hap, left (right)
haemal arch pedicle; r.hp, right hemapophysis; l.nap, left neural arch pedicle; l.tp, left
transverse process; nf, nutrient foramen; vf, vertebral foramen. Scale bars: 10 mm.

Figure 4-3-3. Comparative dimensional changes (relative centrum length) through the vertebral
column of the mosasaurines, showing a gradual decline in relative length, modified from
Lindgren et al. (2011). White triangles indicate the boundaries of the pygal/ intermediate
caudals. Colored triangles indicate the boundaries of the intermediate/terminal caudals.

Figure 4-4-1. INM-4-15300 (A-B, 3D images; C, virtual cross section at the growth centre; E-F,
longitudinal sections), a humerus of Amyda cartilaginea (D, cross section at the growth centre;
G-H, longitudinal sections). In CT-image sections, bones are displayed in white or light gray,
cavities and matrices in black or dark gray. All scales: 10 mm.

Figure 4-4-2. INM-4-15300 (A, 3D image of the epiphysis region with nutrient foramen; B, 3D
image of the epiphysis region sectioned at the plane including the nutrient canal). The white
arrow indicates the nutrient canal and the gray arrow indicates the position of the growth
centre.

Figure 4-4-3. Comparison of the right humerus of Trionychidae turtle and INM-4-15300. A-D,
Right humerus of Pelodiscus sinensis; E-H, Left humerus of Amyda cartilaginea
(horizontally-flipped image); I-L, Reconstructed image of INM-4-15300 as a right humerus of
Trionychidae in dorsal (A, E, I), ventral (B, F, J) posterior (C, G, K), and anterior (D, H, L)
views. All scales: 50 mm.

Figure 4-4-4. Comparison and position examination of the Trionychid remains from the Isoai
Formation. A, INM uncatalogued soecimen, a possibly right 2nd costal. B, INM-4-16737, a

possibly right 3rd costal. C, INM-4-16738, a possibly right 6th costal. D, INM-4-15695, a



possibly left 8" costal. Note: reconstruction of the carapace is that of Trionyx triunguis (extant
African softshell turtle) modified from Vitek and Joyce (2015). All scales: 50 mm.

Figure 5-1-1. Cretalamna appendiculata-like taxa (sensu Ebersole and Ehret, 2018) distribution
during Late Cretaceous. A, Stratigraphic correlation of Cretalamna appendiculata-like taxa
remains. B, Distibution of Cretalamna appendiculata-like taxa fossil localities. Note: data
compiled from Siversson et al. (2015), Ebersole and Ehret (2018), and this study. The same
numbers in (A) and (B) correspond to each other.

Figure 5-1-2. Carcharias distribution during Late Cretaceous and Paleogene. A, Stratigraphic
correlation of Carcharias remains. B, Distibution of Carcharias fossil localities. Note: data
compiled from Cappetta (2012), Cappetta and Corral (1999), Case and Schwimmer (1988),
Siverson (1995), Adolfssen et al. (2014), and this study. The same numbers in (A) and (B)
correspond to each other.

Figure 5-1-3. Johnlongia distribution during Late Cretaceous. A, Stratigraphic correlation of
Johnlongia remains. B, Distibution of Johnlongia fossil localities. Note: data compiled from
Cappetta (1973), Siverson (1996), Shimada et al. (2004, 2015), Cook et al. (2008, 2013),
Hamm and Cicimmuri (2011), Kaneko et al. (2019?), and this study. The same numbers in (A)
and (B) correspond to each other.

Figure 5-2-1. Stratigraphic correlation of plesiosaur remains from Japan. See Table 5-2-1 for each
data.

Figure 5-2-2. Polycotylidae plesiosaur distribution during Late Cretaceous. A, Stratigraphic
correlation of Polycotylidae plesiosaur remains. B, Distibution of Polycotylidae plesiosaur
fossil localities. Note: dashed lines indicate the occurrance of unindeterminable Polycotylidae
remains. The same numbers in (A) and (B) correspond to each other. The data compiled from
Sato and Storrs (2000), Druckenmiller and Russell (2009) and the Paleobiology Database
(https://paleobiodb.org).

Figure 5-3-1. Mosasauridae distribution during Late Cretaceous. A, Stratigraphic correlation of
Mosasauridae remains. B, Distibution of Mosasauridae fossil localities. Note: dashed lines
indicate the occurrance of unindeterminable remains for genus level. Stars indicate the
occurrence of Plotosaurus remains (white, Plotosaurus; red, cf. Plotosaurus). The same
numbers in (A) and (B) correspond to each other. The data compiled from Bardet et al. (2014)

and the Paleobiology Database (https://paleobiodb.org).



Figure 5-3-2. Mosasaur remains from the Upper Cretaceous strata in Japan. See Table 5-3-1 for
each data. A, Stratigraphic correlation of mosasaur remains from Japan. Mosasaur silhouettes
are drawn based on skeletal reconstructions of Tylosaurus (Hartman, 2015), Platecarpus
(Lindgren et al., 2010), Phosphorosaurus (Shinmura and Konishi, 2018), Mosasaurus
(PWNZ3R-Dragon, 2017), and Plotosaurus (Lindgren et al., 2007). B, Distribution of
mosasaur fossil localities in Japan. Source: Map modified from Masukawa and Ando (2018).

Figure 5-4-1. Trionycidae turtle distribution during Late Cretaceous. A, Stratigraphic correlation
of Trionycidae turtle remains. B, Distibution of Trionycidae turtle fossil localities. Note:
dashed lines indicate the range of possibile horizon. The same numbers in (A) and (B)
correspond to each other. The data compiled from Vitek and Joyce (2015), Georgalis and
Joyce (2017), Hirayama (2006b) and the Paleobiology Database (https://paleobiodb.org).

Table 5-2-1. Plesiosaur remains from the Upper Cretaceous in Japan. Note: Specimen data
compiled from Sato et al. (2012, 2018), Sekiguchi and Sato (2020), Utsunomiya (2019), and
this study. Private collections are excluded for reproducibility. Abbreviations: HMG, Hobetsu
Museum (geology collection), Mukawa City, Hokkaido Prefecture; HPMHN, Museum of
Nature and Human Activities, Sanda City, Hyogo Prefecture; IMCF, Iwaki Museum of Coal
and Fossils, Iwaki City, Fukushima Prefecture; KGU, Kagoshima University, Kagoshima City,
Kagoshima Prefecture; KPM, Kagoshima Prefecture Museum, Kagoshima City, Kagoshima
Prefecture; NFL, Numata Fossils Laboratory, Numata Town, Hokkaido Prefecture; NM,
Nakagawa Museum, Nakagawa City, Hokkaido Prefecture; NSM, National Museum of Nature
and Science, Taito Ward, Tokyo Metropolis; OM, Obira Museum, Obira Town, Hokkaido
Prefecture; SMAC, Sapporo Museum Activity Center, Sapporo City, Hokkaido Prefecture;
UHR, Hokkaido University Museum, Sapporo City, Hokkaido Prefecture; UMUT, University
Museum of University of Tokyo, Bunkyo Ward, Tokyo Metropolis.

Table 5-3-1. Mosasaur remains from the Upper Cretaceous in Japan. Note: Specimen data
compiled from Sato et al. (2012, 2018), Konishi et al. (2015), Kurosu et al. (2015), and this
study. Private collections are excluded for reproducibility. Abbreviations: GCM, Goshoura
Cretaceous Museum, Amakusa City, Kumamoto Prefecture; HMC, Hidaka Mountain center,
Hidaka Town, Hokkaido Prefecture; HMG, Hobetsu Museum (geology collection), Mukawa
City, Hokkaido Prefecture; IMCF, Iwaki Museum of Coal and Fossils, Iwaki City, Fukushima

Prefecture; INM, Ibaraki Nature Museum, Bando City, Ibaraki Prefecture; IPMM, Iwate



Prefectural Museum, Morioka City, Iwate Prefecture; KCU, Kochi University, Kochi City,
Kochi Prefecture; KSNHM, Natural History Museum, Kishiwada City, Osaka Prefecture;
MCM, Mikasa City Museum, Mikasa City, Hokkaido Prefecture; NFL, Numata Fossils
Laboratory, Numata Town, Hokkaido Prefecture; NSM, National Museum of Nature and
Science, Taito ward, Tokyo Metropolis; OMNH, Osaka Museum of Natural History, Osaka
City, Osaka Prefecture; OTBE, Obira Town Board of Education, Obira Town, Hokkaido
Prefecture.

Table 5-4-1. Trionychidae remains from the Upper Cretaceous in Japan. Note: Specimen data
compiled from Hirayama (1998, 2006a), Hirayama et al. (2012), Kishimoto (2014), Komatsu et
al. (2014), Nakajima et al. (2017), Umetsu et al. (2013), and this study. Abbreviations: FPDM,
Fukui Prefectural Dinosaur Museum, Katsuyama, Fukui Prefecture; INM, Ibaraki Nature
Museum, Bando City, Ibaraki Prefecture; MDM, Mifune Dinosaur Museum, Mifune,
Kumamoto Prefecture; SBEI, Shiramine Board of Education, Hakusan City, Ishikawa
Prefecture; OSD, Osawada River specimens (temporally restored in Waseda University,

Tokyo).



B1E R

KETIE, EPHRYATELOENECEZ = BEEHIC W THERT 5. KiC, B8H
HALOWEEIC BT 5 B RE SOV TR T 5. RBIC, BAO L HEROWEMRE D
AL, ZIUEITE T D FHEB LA OB IR B S W CHRIE L, AFEO B &R~ 5.
BE, ABFETIE, BAAEROWNECAR LEERHBRE L LT, BEEREES LV
BB DAL E RN FEIM T 5 “fdiE” , WEE, THY UM, AoV TR
51E M, FAR~IIRECOAERNMBES NS A v B UHICOWTHH I 2L LT 5.

1-1. R EEALDOEBEICB T IREELEE

R &%, HUE R RIS 1T 2 FAERKRZEORRTH Y, 9 1 1K 4500 T4 T2 5K 6600
FERTE COMMB AL, N VEFTZRICAT I Afk L B Ao 20Ic KI5,
B A E AL OK 3400 TAEMIZIHIZ 6 2OMICK S, TAbIEEWENG, B/~
=7 MW, Fa—m=7 MW, a=7 7 UM, YU =T W, huR=T UH, v—
ANV eFT oM EMT TS (Figure 1-1-1) .

FAEAC I ABAE LV BT 220TEBE T, BIEX Y LilEKE2Y 200m ~250m & &V E
MAKEH Ch o7& &N d. FlCHHEA 7 (AT A G O % 15 & 5351 [ 3R o Rl
T ) TR K (CTM: Cretaceous thermal maximum) Toh o7z & Sh, i+
THEE~BOE HEE Y TH m B O K ERE PN REAE L Tl LRI NTND (e g,
Hagq, 2014, Gradstein etal., 2020) . Z D%, %W AHALADOKYIZA D & =B EB B E -T2 2
ENHF LB OEFEFRMKL DO SHFER NSRRI TS (e g, Miller et al., 2005;
Bornemann etal., 2008) . Z D X 5 2K BEAEIL L OKEBEICL Y, BEROSAMmITRR D
L&k LTz (Figure 1-1-2) .

¥z, AEAICBW T, WAKPOBEFEREREDAFHE TR T 285 Th 2 e i
#95% (OAEs: Oceanic Anoxic Events) 2NEEEIFEAL Tl LRmbn TS (e g,
TBF - 22, 2006) . B AR IZ BV Tk 2 v =7 > HIIZ MCE (Mid-Cenomanian Event)
MFEAE L 721Eh (e. g., Cocccioni and Galeotti, 2003) , ¥/ ~=7 VMo F2—n=7
HWIZ 17 T OAE2 (e. g, Arthur et al., 1987; Damste and Koster, 1998) , =2 =7 7 " #in 5
B b =7 I T T OAE3 (e. g., Arhur and Schlanger, 1979; Jenkyns 1980) 233/ L 7=
ZEnmEIRTWL. B, B/ ~v=7 v/ Fa—u =T UERTIE, WEREEY O
ZEERMEDME T L7222 2S OAB2 ICEN L THRAELLEEZEZLNTEY (e g. Jarvis et

al., 1988; Freymueller et al., 2019) , fEH O & ORE & /R ST %  (Fischeretal.,



2016) . ZAUH OWFFRFEOEBIIMNAZ T, AEALORAIITITERLN 10km L HEE SN
DINRIEDHIERIZHEZZ L, ZDOFERE L THEEM DB L Z 75% ORI L 72 & HEGE &
NDEMERFO REMBEFEENE o722 Lo TD (e g, Alvarez et al., 1980;
Jablonski and Chaloner, 1994) .
ZOXRICRKRERBREEDHN IO ORA LB AHELOWEEICB N TIE, AERO
MR EEOKRBRERL ANEDY BB ELEZZ DML TWD (Figure 1-1-3; e. g.,

Fischer et al., 2016; Madzia and Cau, 2020) .

1-2. B BHEALOHEREICRIT IHBERERE

WA R ORI RE L, BUE TR VT ECEMEZ & Ol AR ILEC Y A i L
CE o TR STV DA, %I A HAAOHEICES O TIREARBES Y AR LT ko
TR STV, WARIEITE T AFEICHEIC LSS SERRBEORHETHY, H
ETHEYITARYIANE, UIA T T FREBFETS. FARICBOTEBAELY b
BB AETCRIED /N — T REEL, BMATELICIRERESCyREE, )
AR EBRAR LTz (e. g., Motani and Vermeij, 2021) .

1-2-1. REH

fa#i¥H (Ichthyosauria) (%, #8J& L 72V AENCHIHO —FET, BAEDOA LV HFHD X 5 725
oMz, ZAARCEELLZRBEORBHICE > THRWHEEDZH TV
(Buchholtz, 2001)

FEBEIT B OWEEH LTV 2 TRICHICER LEDS, #ARLop»E (&
J = =7 UHIR) ICHABk L7z (Bardet, 1992) . £ s EEIE AT B ML B TS ERME 23 D
L, B/ ~=T7 VHIZITRHNBHEOHBEE CHO A T HINETINANRARTZT 4 7TV
X 7 A i £t (Ophthalmosauridae, Platypterygiinae) DA 231Ffke L T\ 722y, © ./ ~=7
MHFa—a =T T CTORREEICL > THIE LI EBZZ LN TWD (Fischer et
al., 2016) .

1-2-2. ERESH

T R®EME (Plesiosauria) %, #@M L 72RO —#F T, RBEEIIHETT, IR
ELAEB L% L - THEE ) 25 Tz (e. g. Carpenter et al., 2010) . =7 A ¥E
7 v A F (Elasmosauridae) 72 EDOEH DO EWERB O N L Mo Tnb— 5T, 7V
F Y 7 AF (Pliosauridae) 3 LR Y 27 1 /L ZF}L (Polycotylidae) & Vo 72 B DFLV VA
DR NERIMALIZFE A LT D (Carpenter, 1996) .



TIAEVUNLART, FEFICRVEEZRES TP ~KA (6-12m) OEREHT
by, 7TTXFT U ~—A NI e TF T UOHAKRETERLE (e g, Ketchum and Benson,
2010) . RWEIZ BN EM T mAR IR S TR Y, MR < LR P o/ S 7
Y (CHKE, BH, R ) 2B T2EEThHo7EBEX LN TVED (e g, Nod
etal,2017) , —MOBBEIXIEBEETH-ZLEEZX BN TS (0O’Keefe et al., 2017) .

TVFF T AARE, REREMICOKGOREL - =AROBLFOBMNEMEDOE R
BT, P2 IR0 TFa—u =T U T AF TAEE L7 (Ketchum and Benson,
2010; Madzia, 2016) . #KL7ZJRK DO 1 2L LT, KU aFs L AREREEHD HWVILE
YO ZFEHEFES LTV AR R S 1TV 5 (Madzia and Cau, 2020) .

RY a7 4 VARHT, WEO R WEEBICH S > 7R WISk O 2 Fo B EEE T,
TAET b~ —A M) e FT MR ECTAHER L (Fischer et al., 2018) . HOARE
Mt s, TUoEF A NEEHAEL TV Z &85> T b (Sato and Tanabe, 1998) .
— 5T, EYHIALZREOHEONEME LTARY a7 4 VAROBENE2NDZ ERdH
L1280, TV UL ZEIHAE SN TN Z E 305 Ty b (Everhart, 2004; Einarsson et
al., 2010) .

1-2-3. YV UL AR

EH 7L 2HH (Mosasauroidea) 1%, #ik LA REO —FE T, BEOLTA N H 7
HOLWIEAEVHICERTHLEEBEZ LN TWD. RGN RFEEITA A N F R o R T
EE L RLHETEHKWED, B EEII=HFABICHKZELZREORENC L - TRV
# %% Tz (e. g, Lindgren et al., 2011) . ¥EICH#EH L7z AT AAZ MO PO EIZIZ/NE
Tholen, VAV IOV RERRERLETFa—u =7 M oaiib o _"=7 #ET
X7 4 v ¥ UL X R (Tylosaurinae) 7%, 7 4 2 UV AMEB N ZIBR LB A =7
YN BIXE S UL AHE (Mosasaurinae) 2SHA RO AH L LT, WELAEROHE
R EZ BN TS (Madzia and Cau, 2020) .

1-2-4. Y AHH

# A ¥H (Selachimorpha or Selachii) 1%, /LA H BELEICNT TAHEE LTV % 80 A5
(Chondrichthyes) ®—F£TdH v, B OM 5T 5 Xt OMFLE FF> T\ 5 Z & Thligk o =
A ¥ (Batoidea) & KBlEND. P~KEONEBHEOH AFHE LT, BEEA Y Y AH
(Carcharhiniformes) 73%J 290 fi & £ <, ®* X I ¥ X H (Lamniformes) (X 15 fE & D 7e\
2, AWAICIEAXITAAOZ) NEETH-TZ &AL O TWVD
(Condamine etal.,2019) . XX ¥ A H OZARMEIIRTH B #H AL HMN L T A 3 A0 1)



DEICE—7 2%, WARKIROET L & bICEERENEA L TWo7 (Condamine et al.,
2019) .

AARAIP AR AENWEERBELZHAELFEFE LT, HRAOMERBREELE (v
F=T U o= T REF A AREREEE LFE L2 D" Cretalamna appendiculata”
OibA (9, BRZIEESEEOFICHE > TW2) RME SN TS (Shimada et al.,
2010) . 7C. appendiculata”l%, HFALHN S &8 =42 T THRS M OMEEIZAER L H
BORBEFAIFAHE L TMONTVDA, ¥ A THEAREEMNFZITEER O dkf AR
ColcalbZiaryThololn®, FEICIFIEBSLOMBEOEILARZHEINDS “<F
T OYEERE” L 72> T\ /2. Siversson et al. (2015) 2 XV, €3k C. appendiculata & X
T X2 WALA T R TERE DE W EESW TR B & 4, BUTE Tl Cretalamna J& O 5 O F
BLOBIE (Kenolamna J&) 2y STV 5.

1-2-5. 2 vy R U3

2w R M (Trionychidae) 1%, fE OERAE(L Lz h AT, ARLHTHICHET ¥ 7
THEb L, A HAC ORI~ & AT 2 KT 72 2 &3> TV (B, 2014;
H 5 1E 2, 2015; Nakajima et al., 2017) .

BADOR vy RBIL, —RICWITMBEICHER T 2 KEDRBFTH Y, (bAaFED X
YR CFHIZBWTS, VIAABEICALND KD IR LR OEBREEIRICZE(L L
T2 72 & O & BE 7e g A2 s O FEHL (Hirayama, 1998) (3B S LTV, LavL, B4
DF AN A R (Trionyx triunguis) &~V A v R (Pelochelys cantorii) O 2 f&1%, —
RFA I VIR~ K CHIEEN 5 2 L 3 BTV 5 (Taskavak et al. 1999, Corsini-Foka
and Masseti, 2008; Das, 2008; Turtle Taxonomy Working Group, 2017) . Z D72, {LfAFED
A IR DN —EROBAERE &[RRI A~ Vg CIEE) L2 aTee R i E T vy, f
ZAE, BFAERDO KR 2 R M Drazinderetes tethyensis 1%, /3% A2 & v O O i bk JE
WOALANERT D Z AR L TV Z E2VURER SN TV 5 (Headetal., 1999) .
7272 L, D. tethyensis VXL < AZA R LT 72 R 23 K7 CHE~E il S 7= aTREME & f5
STV (Georgalis and Joyce, 2017) , VEAENHFEH T 5 A v R B bA O AL LR
BElZOWTIE, I~ A~ EREEHEO TN THEEEICHEH I VELND 5.

1-3. BA®D LB R OWERE D54 & bAmEHRI
AARIZ A9 % H#i% (Figure 1-3-1) 1%, &= — 7 7 KEHEO BEILN-—#HTE R CTHEK
ST R EEMEHEREY) 2> & BTN HERE 2 O )1 ~ F g ~ R RHERE Yy, T HHicFEIND



kR Eic X > TR S TV D (L - miF,2017) . ZHBDOHERICBNT, KK
iba B X Ob A I X DR R EWRE TiThivTE Y (e g, Matsumoto, 1942;
ARFIED, 1993) , HIEKEF & bllAGLEL Z L THABBE TORBER I TWVD
(e.g., FIEIEA, 1995) . D=, HAKLHO AH R D FEH T 2 A TE BECH A 5
DALAIZ DN, I AEY B RN S OREETIT) 2E N AR L > TS (Sato
etal.,2012) . T 2 TiX, AR CTHAEZIT - - BEERE RIS KOOI ENEERE D12 ), EAEE
HEB L O ABEARHE SN TOD BRSO EATRIC OV TR T 5.
1-3-1. #RHEER

REJEREL, ALMEE O TS DAY T AT AR T ST T U~ —
ARV e FT UMEOHERKE TH D (Takashimaetal.,2004) . 22O TiX, FAL LV FHIRHE
JERE, MR ERE, LR RE, WIHERICX S S TE A (e g, Okada, 1983) ,
Takashima et al. (2004) 2LV, Zh b OMEITIRREEIC—FE Sz, DAIEAILFE Th
HZLE L DILAEMDISHES AN TWASZ NG, I UL 2 (e. g., Suzuki,
1985; Sakurai et al., 1999; Caldwell et al., 2008; Konishi et al., 2015) , HEEHE (e.g., /NEIZT
7%; 1972; Nakaya, 1989; Sato and Storrs, 2000; Sato et al., 2018) , X A I W XA Hiz L DH A A
(e. g., Tomita and Kurihara, 2011; Kanno et al., 2017; &+1EA>, 2019) Db N L s &
nNTn5.
1-3-2. AFEH

IKZEBRE, BFRICHATH EHMAHRY v h=7 UBE~T 2 X=T RO~
W ETHh 5 (HEHED, 2013) . EHHF UL ZEOEA 2 SAEREShTwD1En U
FIEN,1985) , HREEOMA (FALERH) PEH LT 2R& H L (BH - Rik,
1995) . F RAIYP A BV AHHE LTIL, Cretalamna J&AREFE, Scapanorhynchus raphiodon 3T
WFE, 44U =% AF (Odontaspididae) O —FENME SN TWD (& HIEH, 2019) .
1-3-3. WESEH

WEREEEL, WBRCHMT D EMAERI =T 7 VB~ b =T BT~
Mg CTh D (LHEIEN, 1995) . EFH T AL RO EE LOFHOIA 1 AT oNHE S
T sd I EiEd, 1985; AL, 1991) . HE®EIEICOWTIX, Futabasaurus suzukii O 4
HE DI (e g, Sato et al., 2006) , ZEHOT T XEH VAR EEBEEOM AL
ARWESNTND (e.g, 88K - BR)I,1988) . AU a7 ¢ L AR E R EEO ATREN A
ok LT, HEFHEL T ORHRESIN TS (Satoetal,,2012) . RFAIPF X H Y A

& L<TIX, Cretalamna J&, Cretoxyrhina J&, Scapanorhynchus J&, Cretodus J&7% E NG



SNTWD (EHRIEN,2018) . F7=, Jeib L7="Cretalamna appendiculata” b L CTHE S
= O WAL DS F. suzukii D FHE L HPEL TV 5H A (Shimada et al., 2010) , Zh 5D
WX C. borealis 3 XY C. hattini \Z 53 S35 Al RetE 23 f5 i S 40T % (Siversson et
al., 2015) .
1-3-4. FRE(EEERE
IEEERE, KIRRICHMT 5 EMAERD =T VE~~—A NI e F T D
Wi E CTd % (Saito, 1958, 1959, 1961, 1962; Masukawa and Ando, 2018) . FHEE LA D
WEIFZLL, ZNETICRAIFABY A B [surus” nakaminatoensis D WA A 1 1503
HENTWLDOHRTHD (Saito, 1962) .
1-3-5. fnRfE#
FOSRJEREIX, VERE H A
kg (B L O 72k E) T&h 5 (Hashimotoetal., 2015) . EHH 7L ZIHDHEIHY
RERNEERE SN TS (e g, BAIEMN, 2004; Tanimoto, 2005) . £7=, =7 AT
VLAREREHOMOEAR (e g, HEHEED, 1995) , KU a7 4 VAR EREHO
ATREMEDS B D RERE b (fh4 - H48,2010) ARG TnD. XX IHF X B A,

Cretalamna J&, Cretoxyrhina J&, Scapanorhynchus J&, Odontaspis J&72 EWNWE I TV 5D

i+ D EHMEATERD R =T U~~~ —A M) EFT UED

(e. g., JFUEM, 2018) .
1-3-6. #HFTIH @R

PR ERL, RRARROREEGICHMT D EHEHERT Ve Ui~k ) ~=T7 U
O ~YERE T 2 CUMRIEA,2006) . =T AEH UL AR EREEOE O EHKILA
AR HRESH TS (FHE, 2019) .
1-3-8. HE I B AE

I ERE L, REARROEESSIZHoMT 5 EHMAEEY Y h=7 v E~~—A MU bTF
T U BEOW R ~ERE Th D UNRIED, 2011; WMMRIED, 2014) . SV FTTT AT
AP O REOW 1 mARE SN TS (BEIEHN,2015) . X XIFAHH AH
I%, Cretalamna J&, Protolamna &, Squalicorax J&, Cretodus J&7¢ £ 345 & TV 2 (Kitamura,

2019) .

1-4. XBFEO BB
BIE X 0 &R 72 @K EIIZH > T, OAE 2 EO KRB R BRIEEH N K Z - 7214
HEAEELICBNT, WBEABROSREEEOLEELMT 22 &%, HAEWHEYE X



UL RIC BT D EERT—~D 1 25Th 5. BHABLOWEEICE T 5 mKkilias
ELT, BREBESCEN VU ARE R EOWAERREDIZ)N, FAITFAHYT AFREN
MHENTBY, LIZLIEZENLOENEMLAIC L > CTHEDEHEERICBET 2 #2315
54TV 5 (Sato and Tanabe, 1998; Shimada et al., 2010) . JT4E, ZH 5O EmKIEH O &
U E R 2 VT, REZHICHSTI2EIGICNA T, SREEERLICBT2HE
S HEEBEROHABERICOVWTERL, ThETnOSEEO S L ZIRICE L TH
ITHORBENBITHON TV D (e. g., Madzia and Cau, 2020; Condamine, 2019) .

HAR O X # R O WERE 138 xS @RS AT b TR Y, dblERERERIC B S
MR REEOEELMY T HI2H720, HFELHEXNERICEEA TSI E VRS, L
UG, WA BB X O X I A B A O 0 H E TR 5 B0 R R
REwm-TERY, WERERR EEIFHESW L aOERRICZLWERIZSS. £2T
AWFZETIE, IENEERR K OBEERE 2 AR L L TRERHELS L OEFEROTE 2 F
f L, FHEBI (LA OFREHE LOBEPN R 2Ty, a2 =77 v i~~—ZX Uk
F 7 O AT KT O m IR IR E OB BIZOWTH 2R MR 25T, oD 24k
LEEBRICHLTELRT LI LAAMNLETS.



F2F HREMEBOME

ARFETIE, PFRICHWIAL AR EL Lo S L OE o fE (585 RICom 7 2 WEE
JEBE, RIRBIZAAT DIMEEBRE) (2O Tk (Figure2-1-1) . 7238, AT TH
IMEAIEARDFE I D WT, WIERRE O A T Locality F1~F5 (Figure 2-1-2) ,
TR E 2 J8 e oAb PE H HiIT Locality N1~N6 (Figure 2-2-1) & MFFRT 5.

2-1. WEEH

2-1-1. WEEHOHE

WEERBREIY, 85 RBEERT KA S Wb X UART £ L2 T, B 15 km, B
2~3 km (Zbleo THRREICHMT L AR TH D (Figure 2-1-2) . MO Wik TIE,
A AL T O B AL A B (126~97.4 Ma @ AfR - (LT, 1990) % RES THE S A, FERK
T~V A ROE A LERE (Yanagisawa, 1967) # R RS TE S . Mx T, Y Fikr
J& CE4& - f2JF,1961) 2B LTHAERLBELTWD. KT, &H =% LIHAHHTE~
THECWETE O HAKBRICMBER A ESIC Lo CTEbNS. Sfillofidecix, 5
EREESOHIFERHRL, FIOMENORET LS. 2EETRERH350m & REL 5
NTWD (ZREIED, 1995) . EMIL NNE—SSW T, HIZ 10~20°HA T 5.

WERERIX, EHMAEZRTHLZ MBI LYY, DHEERTAE] & LTHE s
7= (187K, 1923a, b; Tokunaga, 1926) . = D%, €O FRE [BEER ) (FHF,1938) , [Futaba
Group OWIEREHRE) | (Matsumoto, 1943) LRI NTE /. £z, T kv T'FE) - [
#Wyo- T EFES) (f85Kk, 1923a,b) & X I7eh, Zhbid [EEmEE) - [EREE
JE1 - TEINEE] (HHEF, 1938) L8RS, SORDIUMICK > THRIETIT RRE] -
Mg - TELE) IR TV d (GLEIE2, 1953; HEIE ), 1957) . MIEEBREIC
B2 b3@oMBERE, BIEBHAKLE LTHRLNDIEMERIED DUERE~D 3
YA I NVOREFE S — v ABER %G LTV D (Figure 2-1-3; Z#EIE >, 1995) .
BREIE, BEROVOEHRAET AR (H#4 @ 2iR) I TE#EmaE) &L
THnd S (FFEF,1938) , ZHEIED (1957) 12X -» T TRRE) k&, i
LV EAIIEE, RAEE D 2 SIZX s Gk, 1960) . EAEJIEEIZ, Ao [
MidfbaEHE A EASTEY, BAEZREIKET 52 L2320 (Figure2-1-4) . &I )E
ERMNETE DOBEFRNZHONWT, BYNTHE B AR E2< 22 BUEL VD BN &2 KA E &
EFR L= (GERE, 1960; Saito, 1961) , AR CIIifp S 8 2 (F S MR8 D E » 2 K
DS D FEE & L THER L TV D (LRI, 1995; AR, 2002) .



CREE, BER VD E T RART G 2 U TR EEE) & L Tmb I nzn (i
B7,1938) , JLHIE2 (1953) (k- T Mg Iz, FALORREDOILR DJE
BRI A 7RV LI E 2V M a2 HI D A A TR — RIS 8 (7272 L, A Tk
BEREES) NHEREL TRV, ZoREEMNERBORKEIND. ZOERAPEHLARVWE
Ak, HALOAE ST AT E LS B EREIZ L > TERBLZRHTE D (ARIEHD,
2002) .

FEEIE, Wb & AR L 2RI E @A E & L Tad S s (GIFEF, 1938),
FEIEH (1957) [Z&k-oT TEWLE] [Cdanie. FTALOEREO MW EE vk
o AJEE — R A L CEWHA — AR S N ER D0, TOMEI IV MEERERVE
WIDEBOMEY Z EBOKEE L T 5. TE-PE GIE) Z2/0A00EE, B Gk
) Z AMIGEE S LT203n Tl (ARIEN,2002) , RAEHOIEE L IEEMED
BAE A T ORBHOER L LTS (LD, 1995) .

2-1-2. ZRIIEE

S E (B - 1@ 5 ROBUERR A B R 1) 13, BEERE AR OMAIEE TH 5.
BIE @ FE D Sy A DO VE A E AT HIIZ 04 L TR Y, EMTIEIE NNE—SSW, AL 13°~
16°E D [FIFMEE 2 729, FIZIKEAOBCE PR SN Be D (APRIED, 2002) . JEEE
IERBEETH Y, LI TIFELS (ERITH 20m, BRTHR 30m) , F~FEETIENRD
< (RANTIER 2m) , MM THOELS (BEATH 30 m) HFELTWD (DX
72,1995) . Wb E HRANT BEAETIIARIE 2 R &, BBRALRAS 2 LALo KAJHEE O
KW ERN T Ny M35 (ALRIZD, 2002) .

RIRITHES CHRE D BTN L WA, dei ki), BARE)) TR R 2 a2
B O . RIS ECS O BRI R IR T A IERAE N Z <, TOMICEE, MEDE
A, s, Ty — MR ETHkENDS (Figure2-1-4) . FJEESS O EALICE, DAL
— RIS AR B E AR BACHERE L, & I ERAESRER A . 2L, A
JIEBJE O Jg JE A3 R IS RO TUE, BRERHCs &2 B4 AL O RANEE 238 5 (ARIED,
2002) . HERTFHZALICE A TERY, TICRERZ Mo 2 RRH — @RI L Z 2 60T
W5 (2, 1995) . LavL, HAAEILE CIE—EICWEICELRERADHALND Z & h
5, 77 —=rOX5 B OMRBRE bAESND (ARIED, 2002) .

AREEIZB T 2 bA OERIZZ Ly, L)l T RE VRS IS RO AR A A
FHHID (ARIZD,2002) . DT, KEJEOEE» LEIEEIMIL AN ZET D & S



2 (e.g., WHE 1960) , Z OECATEIZBAEDER T O KRANREIZIRET S (LR,
1995) . HEMba & LCIX, BiEOW MY (Esgueiria futabaensis) DAE{bA MR HE 4T
W% (Takahashietal.,, 1999a) . ZOMIZ, 7 ) I AT, v XEOBR T8 ERHE S
N T % (Takahashi et al., 1999b) .

KN SRR EZHEE TEDLAEFEL L2R2WR, EAORAJIEEOX HIZ LY, #i
Ha=7vT7 o MefEIng.

2-1-3. KAJIEE

RONESTE (M 2 B R o E i RARTR AN 1%, TALORRBICEGICERD.
RN E O FRNT IR > THREICM L TR Y, EMILZNNE—SSW T, #AHT 10°~23°E
O FRFHERE 2 727, EIAEWBELIC X o THARIT 22 o 72 KA — B IR 0 Ve B KLY 45 — 1
B bENbR5. BEIFAEHO LALE)I TR H#E <K 60m TH Y, T D KA T
HE LA 170m, BB O PO AR RS/ TITH 80m &R0 72 5.

FRMTIIAEDBEEALFE LS, LBV PTEHDEAORZEHRL L EINEY Y
RBIZEH N B LN DD, SRERT 52 ENE W (ARIEN,2002) . AHEOK T
BRI TR B L T OB L - AR E O PSS BN B 5 (Figure 2-1-5) . Z OHUEE O
EALZEACEy ZVIRBIREENE R D2 20D, ZOBEEED A N —LHEEMTE LB %
S5 (APRIED, 2002) . PEUSITERE T cm~1miEEDORERar 7 ) — g U»
2L GEN, TORICA VBT LADZPRLONDZ ENHDH. Fio, B — EHICH A
MEBEBNGFEEL, Zho0 EEHICb AV Ey VIR BHENERS Z L NH D (Figure
2-1-6) . HEREARIZ AR L LC EHMALT DWEEIEDERIEMA CTH Y, R~ TR
MOIEY, NWREM~EB TS (ZEEIZD, 1995) .

REEN DL OBPILABEE SN TEY, K& FEOAKE TEEEE» O X KA
HOT oA MEOIED, WAERBESCREE, VA8 CoFHamIREIhTn
% (e. g., Tokunaga and Shimizu, 1926; Ohashi et al., 2015; FH%EIEA>, 2018) . HE — Lf

X, TEEESOBRE, MR, TS A MEEEPREI N TWD (e g, BHEIED,
1995) . HIEIZB W TITRFIC AR TRAELT 54 MbA (Matsumoto etal., 1990) % % &

(CPEH T 2 BHE A M S, LA EHSI R O MR (Wb & T 'S A e X —)
ELTEINTWD. Zofth, £IE{bA & L CTiX Ophiomorpha (ZREIZ D>, 1995) DIED,
te & EWRAIR Anchonicus, RE DOREMW/N R (AIRIZD, 2002) SALND.

WARBI LA K Db AH RS (R, 1995) ICH-S &, KB ORMRILATH & 2 Vi
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Wa=7 T HeMEIND (APRIEN, 2002) .

AR TIE, JREAT T ARLR (Locality F1; Figure 2-1-5) (2@ 3 2 KAJIELE i F o
FIKEBEETE D BEREHO WS L OHEAR DL (FM-N202000842, 202000844) 73 PEH L
ToAE Dy, JREFHTE DR (Locality F2) 36 &L OV o = i KA 2R (Locality F3; Figure 2-1-7)
CBHT 2 RANMER THOAIREESENO 2ROV A HO WL A BNERL L7
(SCST-029 1E%%) . F7z, Wb &l KAETHEAIR (Locality F4; Figure 2-1-8) (25
THRANERE THICHKT DL /AoNdlia00, RY a7 VAREREHEOL O
fEARTFOLNTEY, ZOERTVDEHARICAEIZHE I TNS.

2-1-4. EWFE

MR E A REROD X T RARIER) (X, TMHORRBEZEAGICEY. BRE
DHFRITIR > THALICRKRIZAMm L TEHE Y, EMITNS 2V L NNE—SSW T, AT 12°
~24° D RIAHEE Z 72T, AR BEIO R E L2 7V o — R EHLRL — MHDRLRS & & Iy K (4
DWE N MEDOHEENLR D, EIRIZRIN, R, EEIITE 100~120 m TH 5
23, ABPJITIEA 200m & JEL 2 5.

FLJE TR AN JE O SR OB MBI S R W LIBE v MEEZDHI VAT X DI
L, Wz GBI O MR S NHERE T 5. Whia & 2L MaDEJEIX 20~25 BFE(E
L, Z0bid 5~6 MO EHMEALOF 2 ka=y & LTELDbN, JEHRMEKYE
EEEIRL TWD ERRIND (LRRIEN, 1995) . HEREFR IZHELT I FH — REHRAT 1 FE >
OILERAE 2”9 (ZHRIE D, 1995) . HEREAH 3K 0 IR LAT T 2 02 THE K 2SI A D JA 7,
—RHIC T 7= DRI RBERIC o B2 BND (ARIEH, 2002) .

KEPSIXBW A OERITZ LD, BAEPTICAEVBEILSEENALNLD. DA
ELTIE, 2L W - b anmiE S Tunbd (2K, 1972; Miki, 1977; Takahashi, 1973,
1988) .

AR DITERE R T ADRER L20D, FTMNORREL IO Mo EILEOLA)E
FRiCE» T, RMima=7 7 o HodEMLEEL LN TS (AIZ), 1982) .

2-1-5. INRJIER B

ININERRE (BEECH - @ B IRV o i RARDNAIND 1%, FAEOEREE L REL T
HR D (ARIED,2002) . SR JE ORI > THAi L, &ML NNE—SSW, #HT 12°
~20°E O FIAMEEZ 729, FICHRTE EBVAIRBEO /A 61 5 ok — HLRL S A 20 b
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7%, BEIZKANTIEAR 200m, AFRTIER 240m, DMAJNTIEH 185 m THD. i
oA TIXBENHEL 20 RET 5.

RIECTIE FLOMREOMETREEE LY —MER L, THEEE AL — DR
ELTERD., PFEIE, LiZLEdh—KEER N7 78 PR E BN 2 545
b — MBIV EH TH O, SRFIFEE B T D (LHEEN, 1995) . LarL, AT
BWTIE, AEEO FEHOBEPICERE T cm OFRRAKRE ) V2 —ARBEL Abh,
ZOELICERDIBIE S mIE L OHTE 2L b — RE AR A 8 TIXE A 15—20 mm
DEWREENROND T, REEEO THIZITO R b —HBICHRER DL EEX BN
D (ABRIEH,2002) . ESIERE GRS 2B, REMBRORHE G 2 L0, ok
EECIXERZ 10— 15mm OFREERRSND 2 b, Wk (77— 8K OHREEE
PHEESIND.

REJE S OB A DOBRE XL < 720D AR, 2002) , B & TeBREI 0w I E
DWALAZRERFEL LTS (K260 A vy E—UREZES, 1988) . hifba e LT
1%, Z2< O - BT obanHE SN TWDIEDL (2K, 1972; Miki, 1977; Takahashi, 1973,
1988) , #¢ MY Esgueiria sp.OTEAL A D345 STV % (Takahashi et al., 1999) .

A O R Z R I AIEEL L2y, TALORANNEE I & O AL o AR
BoOlKABFICL > T, ®BMa=7 7 VHOHERY & #E STV D (ARIED, 2002).

2-1-6. AFREE

ARIPUINES R (BUHE - 8 5 IR o & i RAET AR R I) 1%, NALO /NI E (28
BAWCERD . INANEE O F P AT <R A L, EMiE NS H 50 E NE—
SW T, fHAEHL 10°~16°E O RIAMEE Z 73, KOO EEZ EERE T 5. JBEITK
JINT60m LA E, ABIRT8Om UL ETH DD, M -RDOAKBHICOORAL L TR
BB ERIFAHTH D,

FIE TR A OS2 Uit rE o PIEEOE MIE N B ET L (LHEIEA,1995) . £ D
TSI A ORZ R D 2 0 IE N E y ZIRRI R ER O JEEE L - R A T S E AR D,
UIE IR — B s 08 2 et (A4R1370,2002) . KA TR TR N AEEO
T, ORERMBIE LY, REMLIEH, AKEDOY 2—LEETIE), AKX
B Va—NVEETDH. HEREBEETREE LT EFMELT 2lEEOERBMHETH Y, B
S~ TEHMENDIEE Y, AR ~EE TS (ZHEIEN, 1995) .

KEBOR— E#»O1X, VA8, BV oL, sREHRE, 2L oFMBMb
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APEHL TS (Table 2-2) . $iZ, KHMBHH»L 327 2AEF VAL AR EEEH
Futabasaurus suzukii D EH FAGADRKANTERLENTEY UNEIED, 1970; Sato et al.,
2006) , AR b BEREHOMIERNDZHEET L TVD (e g, 8K EAI, 1988) .
WAREML AL, F— LEoSLRL BB 2R S SEH T 52, BOW T =LA 5
£\,

RIN~ABPRTIE EBR XY 65 m fHiT1C Inoceramus mihoensis ZFEHI L, LR XY 5m
FFIE A B 1% Inoceramus (Platyceramus) amakusensis %545 Z L6, KB IX%EYH 2=
TT N GHIEY =T UM EHEES D UG - 8K, 1969) .

AL TIX, Wb E T RART L # o KAJNE R (Locality F5; Figure 2-1-9) (544 %
AR JE T OMBLAD 5 26, AFHDO B kA (FLST-001, 002, 003, 004) 73EEH L 7-.

2-2. MIEREH
2-2-1. BIZEBHOME

BRI, KIRBROT bR tiO RFEFERBWT, Mk 3~4km, HEHE miZH
oo THIREIZHMmT 5 LM BAMERTH D (Figures 2-2-1, 2-2-2) . &k & L TEMIZ
NW-SE T, 30~40°dL IR 3 2 Bl RAMIEL 2 LT D (LHE, 2006) . 2EEI
#1900 m L HEE SN TV 5 (Masukawa and Ando, 2018) . FRRIZZBEEREELE (P
M) LWEBMRICH D EE B, LI TICET 202 EERERIE (TR &
BREFRICHDLEBEZ LN THD (KARIED, 1972) .

IREEE L, BRI - 5 (1955) B R OUFHE (1956) ICX > T EMAERTHL Z L
MDHERINDETIE, —RITITHFE =ReAREIN TS (LA, 1888) . HDHWIE, TS
HHATHD HAKZAEWERE] L ShizZ b H D (Shimizu, 1926) 23, & ORHLIL
To& 0 Ly GEg, 1956) . 1954 FICHIRKFDOFAETH > TeRRIBHENT o EF A
MeAZFRR LI LICED, 2o FAERASMT 0 2 ENMEN L o7 (GF
k. 1956; HHEL3C, 2005) .

IRETRERE T DO FEIC I W T TIRERE ] LIRS TR Y, RIEE L HOET IR
R LIz (Saito, 1958, 1959, 1961, 1962; Oyama, 1960, 1961) . FRHE[ZEE X T
kv, THEEHE) , EEETME) , [EmE) 3 XKaank. RERICHONT
13 1960 AEARLLRICHERDO RE L2 ED b1, Mwiba okt (IR, 1964) , 166 i
DOFFFAR CNEF,2000) CHUE AT 572 EORBEEIIC LV, REBICHE =R E AR S
NTWolo (K, 2006) . &2 CTHTP (1970) 1%, BROMENEEEEOLFRZFEL, HK
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ORENERE A IRBNERRER ) LML LD, TOXRS%E T L0 TEER), EEE,
G WP Lz, 72720, R ITEEEMIC XL > TRAERBRHAFEET, Wi
MARFRETH D Z & (ZHE, 2006) , TN E TI/LADEHITRESNA TRV EnD
(RAIED, 1972) , AW TITERY Fblaw.

2-2-2. B
EREE (BCH - KRB O B i EREET) 1, RN EET S B LB T
BRICH D70, TIRIZFAHTH S GRARIED, 1972) . JBEIZH 740m TH Y, #hEMED

WK e E 2 ERE LTERY, EfIENW—SE T, dLHIC 30~40°H A4 2 R EZ 72 L
TW5%.

THEE O FEIX IS NENGRY, 2HOBERDERE X 7~9m) ZIES AT
L (WARIZEN, 1972) .« FEBEE TEIEL, FAELY HU~HIB O3 50H 7=y MMy S
T % (Masukawa and Ando, 2018) . k& O EEIE, wba - WiaT v hMaAJE - 2L
NEOHENGRY, BRIKE LTIV MEDIEI BAE LD EST, G LEEDL L
TEEEEND AT, 1972) . FBE EEIE, FTALEY Hul BEXOHu2 © 2 204
Ta=y MY SR TWS (HF,1970) . Hul FEBO /L MEFICHAET 5% 20cm O
AT T REPIIRARIAEEL TE Y, Hu2 EFICIFE SR 5 cm OK H R K 5
PIRAET 2 (RARIED, 1972) .

HEREARIE, HT (1970) (2 & 5 & FRETE TEBASMAIEEM, SFERE A3 KR & R
SN TW5. —F T, Masudaand Katsura (1978) 35 & O Katsura and Masuda (1978) TId,
VR E R T (HID) & GRYEES, SEREJE T (HI2~HI3) Z ¥ Emikih T, “FiE B

(Hul~Hu8) #VIEERH A~ L ORI EHE L T 5.

fbA OPEHIE, FE TEHOIE I 28 B I 2 <, KR HI3 20 b Z AR i R
ENTWD. Bfbas LT, 7TrEF4 MAS TKEER & oKD A »HE S
NTWDIEH, v=EOALBE D #®E ST D (Saito, 1961,1962) . fEM{bA & LT
X, BB LIOEmolban®Es ST bd (Oyama, 1960; Saito, 1961) . HFHEENV (LA D
FEHIE, ZhETicmbinTinzu.

R JE i (HI2~HI3) 72> 5 1% Didymoceras awajiense NEHT 2 Z L6, WR B AN
HOFREREVERIE O T &kl STV D  (Morozumi, 1985; %k, 2006; Masukawa and
Ando, 2018) . FUREEEICHS T D D. awajiense i 1x X H =T Ut I CTH D & Hip &
o572 (e g, Shigetaetal., 2016) , VG T I L O EEIX LSBT o "=T D L
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ThdLBH 255 (Masukawa and Ando, 2018) .

AW T, FHEE==> b HI3 288 3 5 # (Locality N1; Figure 2-2-3) D5 D #x
HEY, TV IAREORMACADER L. oA i3 Rs s L OEHN D, T
BEIBICH R T 2T REMEN S W EHEE SN DA, AlREtkicE EoTE<.

2-2-3. BETE
WA A KRR O b liRIGETES) 1, THOFHEEICESICERD.
FRRIFMETICELTEY AP TH S, WAEOESET I ERAAES L IXEBD S 2L
KELTHY, EMIZNW—SE T, dLHIZ 30~40°M T 5 FAHEEEZ 2L TN 5.
BARBITET (1970) 2LV, TMHEYVISINDH I8 ETTHDEHDOHTa=y MKy
SNTWD. Is2~1s3 FHE T LA mHEREY, X7 7@, 27077 vy 77 8Ol
JEHLE O HEREW & B A TR Y, Is3 HiEi~Is4 T CTILRET ~ 60°~80°MHA 3 5 JEUEMN 7 & 4L
5. Isl 2B Is7T (2 2o THAHEREM A 2k & LT LT < &5 7 1 -5 0 HERS i 1 A3
WO DAL, Is8 1272 % LMK HEREW 2SN O L THlE o 1 Sl OB 2RO b b .
fbAaDOEHIZY LV MEFNDLEZ R bIL, FIC 1s6 B Is7 1B 2 HEgHE N L
N B Baculites 132 < FEH LT D (BARIEDY, 1972) . Zofh, @h¥ba L LTk
AT AAELT =, AHBREOM, P ABEOEAN Is7T H 1 ARESNTND
(Saito, 1961,1962) . £ 7=, AFEALADBWERBORBHEHSLHNEICA BN D (RAIZH, 1972) .
Is7 VX “Inoceramus” kusiroensis O pE T K o THR P JEEEE N E O EEELJE e FE0 5 F
KESIRE G R E C st an, FTE~—A NI e FT7 o EH~EH~—A NI ETFT
VHETEHTH D ERREIND (L, 2006) . WL R=T VRS~ —A RN BT T UREER
(X, Hu2 22 5 Is2 (223 TOHFPAICFTET D & & X H 4 TU % (Masukawa and Ando, 2018) .
ABFzEClE, #AE~=> F Is2 (Locality N2; Figure 2-2-4) O ALV, ¥ AHED
ELaNEH L. HAE= = b Is3 (Locality N3; Figure 2-2-5) O HLURIHb/E 35 K VLA
XV, 2y RO EERB IR, VUL RBEORME, b ABOELAPEL L
7o. BEA B = b Is6 (Locality N4; Figure 2-2-6) DML Kifiba LV, Y AFHOE A M EE
H U7, BAJE ==y I Is8 (Locality N5; Figure 2-2-7) ([CH KT 2 L E S5 A LV,
T AFOwALABPER LT,
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HIFE FIk
AETIE, BRI ALAEAOIUERR & 7 O 5, LEEROHMTFE, %58
BEDAL A PE HEBAL O i 5 F HFEIZ D W TR B .

3-1. {LFRER

RO G LR BbAIE, S 2—T7 A= 27 KA RIEWEE, WhEHAR - b
FEEDOFTHIEAR L, FEBLIOCHNIE ATERBIOELRRK) ORBUEATH 5.
72k, WL KORBUEAITREEREWEICHFE TETH 720, &SR EWEE O
REZHERBITLTND,

2= VT A= KRR B R OPFTEAE AT, IRETRE R L Lo A
i 7 R, BV UL REORHGA 2 R, B ABEO EREA 1 R KOkt 3
REMA L., WhEiliak - ALAHOFTEIEAL, SREHORFNALA 1 RE/fAL
7o, ENERFEMEEOREARIL, YAFA I REEH L. SR TERRORBUEARIL, W
ARUEA 32 RAEMMA L., EUARRKORIUEAL, GREHOE 1 S8 JOHE 1 8z
A L.

3-2. EARPRSEICEYT DS

FLST: Futabasaurus Locality Shark Tooth (7 # NZA XXV o UEHM CTERE L7V 2 D)
FM: Fukushima Museum (/& W7 BE Tk 70, 1834 F- FCEE )

IMCF: Iwaki Museum of Coal and Fossils (V0 & i f1 i « {b A fE T k)

INM: Ibaraki Nature Museum (3 = — 7 A N— 7 R0 R B SRS 5 T k)

NSM: National Museum of Nature and Science ([E 37 &} 7 18 % fig Fif j#)

SCST: Suzuki Chisato Shark Tooth (&5 ARKT EHEKEID Y X D)

3-3. Bt

AW THEH Lok a3l & LT, 7Y # L/ ¥ X CD-15CPX (Mitutoyo Corporation)
EFRAOVWTEMMOREESZRELEZ., ZhICEks THEITERVWKRE SOEA (FREHE
DF/EAE) o0 TE, IRV TRESEZR[ELE.

3-4. fREIEHRRE
3-4-1. 8 (FAHF)
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3-4-2. BOB

PAEOWIZEATDHEEICHONT, KK - % (1980) , KEB - & (1999) &EEITH
(2020) (ZHSW=.

58, crown WOTF A A NiZEDI, 00 AN T 5 H 5

MR root WO L, ALY, BEOBICHAT LY

1 $6; neck e & IR OBATY D5y

SFE#L: cervical line

I

5 $H 7 ; cervical band

Et-

WMEGH; cusp
WZHH R ; apex

F:IZHH; main cusp

E

fil|KEBH;; lateral cusp
T 0 RIIEEA; profile cusp
ix8 U @Il FH; distal cusp
/INPZEH; cusplet

BI#%; cutting edge

UT L §%; profile margin
150> % distal margin
5 ; serrae

% fold

25 striae

IT LR ; profile root

3= O R distal root

IR L ; lingual burge

/1.0 fL; central foramen

(BERER)
B0

& coracoid

BEHfi & ; glenoid

FEHE; caudal vertebra

i SE O E T D AR,
i SEIT < CHE O BT BT 555y

EER RO i e BB IS

5

IREED R > TWDHEAD, RoTWDHEY

IR EE D D2 % a D, b K E IR WE.

BN EE H 256 D, &b RERH DL DOKEE.
VT ORI 0D R I EE .
B0 0D

WEHE 10 /N & 7 ek oD 22 .

WHHIZHEET D Z &0 H 2B HD &5 el kil &6,
AT O g

R O B %

Ukl b2 End 5 /7 2x U RoER.
DD Z E BN D Y TIRORIR. B
Wi D 2 & 2N B EMRI 7R LR,
RN X T 28560, Lo ER.
WIRR X T 5560, EOMOHER.

AR O E RN HZET 5 2 LD DI,
BAR DR IASIT I D Z & D D fL.

FHEE ) D JF B
e

ThHHED1 .

OFHENEE T 5 < IX A

3-4-3. B (VUL RE)

B DOHER .
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HE{A; centra
#P#% = neural arch

FE 22 kL ; transverse process

MM.7E = ; chevron

3-4-4. g
e

; humerus

R o

HeH 2 R4 2 R O F .
PREE & P Te & 512 L CTHER OB A
HeH 2 D ZEG T ITHO S 22

R ILE & T & D

(R v M)

(2 L CHER D B

R DB D S5 5, LBEOF .

BT 5.

i BH; caput humerus - JiE O U0 756 12 3 2T D A A & A OV B A A

PRI Z2 L ; profile process of humerus

A1 ZE L ; lateral process of humerus

A 8 FL; ectepicondylar foramen

3-4-5. PR (R v R H)

A ; costal

JiZ A1, sculpturing

RO OB, WE &

P AN o0 PUARINS S D 2Rk
P ATAL B O SN FE T D R
e i 3z A 0 SN i 5 D FL.
AR D B DS E L7zl

BROELEIZAH DI DK,
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Ba4E HTEMFERLR

ARETIE, FRICHWTAEAIZHOWT, 28, aREH, V3 UL, 1 AHED
NEWZ AR ZTT 5. 2B, AKUEICEW TR, BEOHEKZERT L RBEPE
D= DRAF ORI E e & THEBTE T, HZEE TE WAL, Tef. (confer
D) | 2N (b LIEEA) oFficfA L, mpfE (b L<dialE) & LTERET
5. Fl, REOHEMZERT DRMIPEA 2RO, THLUAOREIZL > TRElSh
L% aicix, Taff. (affinity OWg) | fli/h4 (b L<I3EA) ORncfH L, HEEmE (b L<
THEPE) L L TERETS.

4-1. ¥ AH
#H Ffil Class Chondrichthyes Huxley, 1880
M # i  Subclass Elasmobranchii Bonaparte, 1838
¥ A X Division Selachii Nelson, 2006
A A IH# AH Order Lamniformes Berg, 1958
4 b v A% Family Otodontidae Glikman, 1964

7 V27 AT JE Genus Cretalamna Glikman, 1958

Cretalamna borealis-group Siversson et al., 2015

R Cretalamna borealis-group (C. borealis, C. gertericorum, C. ewelli, C. bryanti) O Fii8 &
LT, LFMRZETF 512 (Figure4-1-1; Siverssonetal., 2015) . OEWATHENHEEL TH
O, LBEE3ETHEICE WD TIERENE O MmN, SR~ 5. © FHATHE
B EMABIT L. OMZIRIT UIX UIXEREE CHERAUAET, hIWRE<H
MOEREEZHRZ D (RELERLTWDZERH D) . @LFAMBZEORINOMEIZ
BWTH L —m O HFA~DJAN Y (X E TH Y, C appendiculata-group X° C. hattini-group
CERIT DIF L — LT IR ASIE IR S 7R DR,

Cretalamna gertericorum Siversson et al., 2015

¥ &: Cretalamna gertericorum O & LT, LATFRZET 545 (Figure 4-1-1C: Siversson et

al.,2015). OFTHE ITME WV ERBHZH 2 THE Y, BEmBICB W TERN =AFTH 5.
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@ L5t D % 7 O I RENERT Rl LTV DL @ RSN # o> 32 RER R
IR, LA~ RS . @R OREIEEITE LB KO LR A~AR D K9 1Tm
<, MZ ORI IEIL B ENL LTV 5. O B 12 35 W) T AR H 9358 oo 78 A/
&, bFEnicnoTVD.

Cretalamna aff. gertericorum
Plates 1-5
A LFARIH#: SCST-029, SCST-093; F3HATH : SCST-009, SCST-010, SCST-018; L FH A4
B : SCST-079, SCST-087; " #ifl{% p: SCST-012, SCST-075.
PE M w5 IR VWb &R IR
PE HH R HE: DI e B U R AN T8 o 4 PRSP B e 70> & BRI
FHAE: SCST-018: FEMIAEILIRK 17 mm, 5K AE 21 mm, FREME 8 mm, HEME 16
mm, WEHE 4 mm.

SCST-075: ElHWEEE 12+ mm, B F K AE 18+mm, EWHAIE 10 mm, #HIRIE 16

FE#k: LRSS 1 AieE (PL1A-B) ([ZHBW\WT, ERFHITEM, SMmE cME <, 1IZITE L
TW5., EREOUZKIIHEHRBICB O CFIFEERTH D, /SR A O RIKEN
IO MM DV, Tl EHOFRAFEET L. WRITEN SRSV TIE
EXRFPRT, MEED b IT A, AR O R O RO AL P REF TR ELS VT
BT FTe. WARERMEE T I CHEEL, BEBEEBLICEWTHE =ARIZEY 25,

EEEMI#Z I (PL2A-B) 1B WTC, EREITEMN HRmBIcs W TMES, ®=OHm
AR RSB LTV D L BAIEEMA TWS . BIRIIZEHRKE <, BN E
T2, L s O ASFEHT S, WARIEMA ERE SIS B W TIEFRT, dTbEE
VDEOELD b REWV. FIROELELO P RO AT TR0/ S, AR E I 1
HEVREZELRVD, EEBUIZBWT/NSSEY ERs.

THE AT (PL3A) ICBWT, EREIIEM EFAEE CITMEWV=AF T, B
LTW5., EREOEMAEIZFHETH D, wAEOBEMEOLEIX, KEFMIZV FIZ<
Fte. BIMIBIZ LIS RS =ZATBTH L. WROEELO P IO AT ITRE EW
VFERZ LTV, R EMMEEIIBEEEBICS W T A Th D, NHEE 2 Al (PL
3B,PL. 4A) ITHBWT, ZLALORMIITHE LATELFL THDH0S, FEWEHITE D
Ha~th3 0, ZOBMEILEMSm~EHL TS,
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R CALE T 5 FRAMI% 8 (PL4B) IR\ T, EWEEIZEM, FREB TORME N
“AET, BLOFRMAMENTWS ., ERIEO BRI EM T m S LT D, RBIREA
TSR ZMET, TOBIKEEITIZIFES L TWAHDS, B0 &I BEEE 1 150 07 [~ T
WD AR DL O FRE O~ T AT BRI .

BFIALET D FHEMEE (PL5) ICBWT, EREFELFm~#A>TnD. &
IR OB IEOCE LT v, BEmBlc s W OB MM & S MmAm G Rz 5. F
EHITRRRE <, EOEIREITD TN ZHF O =ZATET, HLIZIT2OD%R-
7o BIWMEEA DM 0 5

g: LFLD Cretalamna borealis-group DFFHO~D%Ex T\ 5. 72721, QIZ2W\WT
IR AL (RBEEE 3 RitE) AW OICHEE TE 2. £z, EFEO Cretalamna
gertericorum DFFEIZHOWVWTIE, O~@% 2 TWD. 7272 L, Atk D FEMIAD Siversson
et al. (2015) @ C. gertericorum 1Z EIIREFEEL TRV, ZOREDOENITONT
X, BONTOVDRIEDOY A XB/NI N, BEBRBICI2EANERTH D ATREMEN
Exobhd. EDOY, Z Z Tl Cretalamna aff. gertericorum & 3 % .

FEH L7t b B e S5 41 % Figure 3-1-1 12789, C. borealis-group Ot O F&
LT oL, LTFORTRBIEINS. C borealis L%, LFAI X ONTEO[FIHE ORI
BRIV ROTWVDZ LR, EEOEMEITHEN RN LR ETKIIEND. C ewelli

Lix, EFAORIEO EREN S N TR TN £, EFADOMIEE ORIREEE N <
O T 6T, BRI LEOHF M~ T S & TRAESND. C bryanti &%, i

EWOWMRMNHE VKL 2L, WREEFHOPREONZ AP UFHTERNI &0, i
TALET 2R EOWEN VAR TIRNWI &R ETKI SN D.

Cretalamna borealis (Priem, 1897)

¥ Cretalamna borealis DR & LT, LLFRZF 5415 (Siversson et al., 2015) . DH
ORISR TN E <, AEZHERTWDL Z EnE <, EhEOHm~iR < FH L
TWo., QL DMZEICHE VT ERBEOEMAE L, HFRHEEFE L HWEY ER3osT
WD, @I o EREHO BT O RKEEICIE, KRERBELTHOWEMNHDL L. @Mk
WORIIIIRE <, 2L OB, AIOUKEAELATEBY, MIOUKZESMA T
W5, ®ZL OfI%BE TIEREEBICE VT, WRITDLDEO T IS ER K TH S
23, AR EMIFEE2 /NS SR TS,
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Cretalamna cf. borealis
Plate 6A

A L7EMIEL H: FLST-001.

BEH M 47 5 IR b & T RN

PEHJE 8 PO A 1L N [T RN B g o 58 oD Hoki i 2 70~ & £ H

FHBE: FLST-001: BMIHEMEAR 11+ mm, M HEAE 16+ mm, EREHE 9 mm, #EHRIE
17 mm, WEHAE 3 mm.

FEE: LHMIE S (PL6A) ICBWT, EREIIEM,/ FMEBIZS N THE S, ELHmn
SRV RSB L TWD . ERBEOBAE I E MR E A CREICES A TEBY, FKEE

CHEREARFEEGFANOBPNMED D, HOBKEITERAOKLE S, mOFm~mL . I
DREIEBEIIRAE S TWARWA, HORIREEIZRE LS, NUlotlxEsEL A TEY, 4t
HOPFIELLMA TS, ERITEN, FUEBICS W TIZENHRTH L. HIRO K
JEF O RFR D AXTHIFA < EV. IR ERIFEZIIRERH 200, EKEBIZHE W T
RREY ER o TS,

W& LFLD Cretalamna borealis-group DFFHO@~DE 2 TV 50, O~@IZ >\ TiX
SIS HEAL (BT RNV TX 2. LD Cretalamna borealis 0412
SONTIE, @~@EHEATNDE, ®IZ OV TITHMROKIBEL L OBEFEDO - D IZ R T
X/, ZDY, ZZTIiX Cretalamna cf. borealis &3 5.

C. borealis-group DL OFEL L+ 5 &, LTFTOR TR SN D, C gertericorum &
i, EHOMBEICESONTERAEAEALTELT, BEFMOMHENH L L0, RINE
WL LELT AT 52 LR ETRBISND. Cewelli &1, LEAORAIE R O RIKE
B O THE BT, BIKEHNT DELF M ~RET 5 2 & TRAEND. C bryanti k
i, R ORI EL K RN &R, WARDEER N EIT 2202 L En b XS
ns.

Cretalamna hattini-group Siversson et al., 2015

K8 Cretalamna hattini-group (C. hattini, C. deschutteri) DOFi# & LT, LFBRET 6N 5D
(Figure 4-1-2: Siverssonetal., 2015) . O FEARHIZEEHBICBWNTHE U HINL,
BT O T ISR A < B ET 5. @ L5 X OVT 5AO A 135 8L 35 v C AR
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PEEn el RET L. @LEOMBZHEITEA S, RKEEBIZI W THRE MM
BIZTHFEVRELRY., @WLEFEE FTHOBHEOBEmBIZIS VT, R EMMEEEIXEA
< R—2ARTHEYEH LAV,

Cretalamna deschutteri Siversson et al., 2015

¥4 Cretalamna deschutteri DFsf &L LT, LT % T 545 (Figure 4-1-2C: Siversson et
al.,2015) . O LB L O FHOATH T EICREIHEEL TS, @ LEBIOTFHD
fBEDO L ITHB VT, EREIXETHFEICHEEICHE . Ol TIXEROF o5
AR UFHCTHD. OWUHE TIEERO T RMOBAREL TR, EHEALWL VT
MTH 5.

Cretalamna aff. deschutteri
Plates 7—11

BEA: LRI : SCST-004, SCST-160; FHHH(It: SCST-030, SCST-071, SCST-169; - %1%
th: SCST-032, SCST-139, SCST-140, SCST-142, SCST-170; T %Al #% th: SCST-145.

FEHM: @ERVDETER.

PEHH e OOCHE B U KN T8 o PR B A T s © B

FHHME: SCST-169: BMIMEMEIR 17 mm, MK KE 23 mm, ERHIFE 10 mm, R
17 mm, FEHE 5 mm.

SCST-145: EMIE M EHE 10+ mm, M Km 17+ mm, ERCEAME 11 mm, H#ERIE 19
mm, MEHE 4 mm.

FEER: BB 1 AT#E (PL7A) ICBWVWTC, EREITEM/ SMHBICEOTHELS, 1ZIFHE
MLTWS. iz, ERBITEEFICHE S, BEEHBICHS O TIERT T 5.
INE 7R AT O RIBEEE S ERH O BN 0, T - RO RASEET S. wiRIE
B/ E BB TUIIEH AT, mEOERIT. ERO LD PR <1F
FITIES RS UFRNZ 1T e, R EMIMEEILEEICIHEL, BERBIZBWVNT F—24
WY By, BEmBUZIBWTHERETEY B85, EBE 26T (PL7B) 2BV
T, &< ORHIT EBEE 1At & BICTW D28, BARIZEM &M m Bl B CIEHT
HY, WLENLD KE V.

LB # (Pl. 8A-C,PL.9A-B) 2B W\C, EMEHITEM HRmEE ISV THE <,
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EOHRAER > TWD . 7o, ERBIIEEHMICEFICES, BUHEIZFHETHS.
RIMSEEIT LR K & < ZATB T, WEICITOEOHTMA~FERL TV D. wRIZERM &
MBI BV THRICE LS, BV, RO EEH O P REBO AT HES AL, THEBA
MWV FERTH L. wIREFMEE IS E DV RBEET, BAFIAET D OM%E TITEE
HEIZBWTIZE A BN 0.

THE 1L AET#E (PL10A) ([ZBWT, EREFEM HEMEEICHS TR, 1ZIFE
SNLTWD. Fe, ERBEITEEmBICES O TIEEM S mICE I 5. FINEEITH =M
BT, il » mELGTMAFET 5. RBIEDO LRI, FHRO O F R < 1F
FITIE RS UFRIC < T, R EMFELITEEICHEL, BEEBICEVT F—2A
WY L3y, BRERBICISWTHRIBCEY EAL. THE 2878 (PL10B) 2k
WT, ZL ORMIT TEE LA LTV D28, WRITER &0 w8 R ) TR R
Thy, mOLENRLD KT,

RIS 5 TERMZE (PL11A) (2B WT, EWFEITEM,/ FRmEmes 0T
BWEART, @EOHR~MENTWD. EREED BN X ER 7 M~ T M IZiEdh LT
W5 RIEEIT/N Al AT, D - mO TSI S, B AR o JE ) o H g
DANFAIFELSIAL, THEN AW VERTH L. R EMFELILH F 0 BEE T, B
HEIZBW T F—=2RTHEVZRHE LV,

BT ICALET D FHEMEH (PL1IB) 2B W T, EMEITELFH~MENTEBY, §
MIE X ER A ~BE L TWD. BIREHIT /NS R oo = AT, Tl - 307 ~%
BT 5. EROEEHLOFREO T EFESIELS, HER LWV FRTH L. WIRE
MR ITH EV BEICHZEL, BERBICBONT F—aRITNS<SEB T 5.

& EFCD Cretalamna hattini-group DR O~D%F 2 T\ 5. £72, LFLO Cretalamna
deschutteri DFHBO~DEMHZTV5D. Lo, FHEOMBEICE W CRIKEEN LY R
STWVWAHATHENROOND I LD, Z I TlE Cretalamna aff. deschutteri &3 5.

BEH LA bEITLIN D85 % Figure 3-1-2 IZ7~F . C. hattini-group DO FE
LT DL, UTFTORTRANEND. C hattini & 1%, AR & OV O EREHN L
DIV &0, IO ERNER T ~hRN > TnD 2 & TRl D.

Cretalamna hattini Siversson et al., 2015

¥ Cretalamna hattini DR L LT, LLTFAZF 545 (Figure 4-1-2A: Siversson et al.,
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2015) . O LEFAICB W THIE ZRAEOER TIIEORE SOFPITR LRV, Ok
2 F B ORIHE O BMEITHT T, ERER»D RIZRBOFEI R ICELTS. O
EH2FAONIBOBEX, EHEIEFAORBORBELY b, BT 5 EHEEMEOR
RBIZT R TOMH TIEV. @WFIOPIC, ERENKY K-> TWAHEIERN. @FTXTO
EIZRBWT, EWBEOITLEOEN 3 750 21 3H L NTMRTH 5.

Cretalamna cf. hattini
Plate 6B

BEA: LA 8 : FLST-002.

PEH M 47 5 R o X TR R

PE HH R #E: PO e B (L g AN RTURUN B o 58 oD Hoki b 2 7> B BRI

FHAME: FLST-002: BMIEMER 12 mm, 84K K& 15mm, EREHE 9mm, #EEE 16
mm, WEHE 3 mm.

FR#k: EHI%ME (PL6B) [2BWTC, EMEITEM EMEEIC BV CHE <, =LK
~HIA S TWD . Fe, ERBEIIBEEFMICHEFICES, BT EETHS. RIKEE
TR E = AT, WD LELFIA~REHRL TV, @RIZEM, &0
BUCBWTHFRNCIT S, FV. WROZEHOFRFO IFHEE AL, HEHSLN
VFRTHD . mIREMMEE XS E BEET, KEmEICB N TIZEA TR,

W8 L2 D Cretalamna hattini-group DK@ %2 CTE Y, Cretalamna hattini O FF{E@
BLUOOZEMA TN, ZOMOFE (D~®) 1FHETE AN R 72 DIT R
T&ERW., 2O, I ZTiE Cretalamna cf. hattini £ 3 5.

C. deschutteri & 1%, 1%t O FWRH O LENR W —T LTHEALRNI &, FIK
FHIEH Ro T AN LTRSS,

Cretalamna catoxodon Siversson et al., 2015

¥ Cretalamna catoxodon D & LT, L FRZF 515 (Figure 4-1-3B: Siversson et al.,
2015) . OATEO ERFITE SE S THE S, D0 (b LTI @00 M~
Hi23s. @ LEBEATHEICE W TRIREHD AN FIZREIZELY. @ LEBINTHEDO 1 FHO
Al T, BAlEESE X OEMERBICES W THEERLZIHTH 528, ERIEEHBIZHE W T
—HOWBRP L ENDIERAFTHD. @ LSHORE T, RERBLICISW CEIRES
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MFEEITIE L A E A2, BREE B TITBE ISR EL THHICA — = 7T
5. ©LFEOMELEE DS T, RIKBEOEHRNPRES>TELT, AAEZHFRTND.

H
i

Cretalamna aff. catoxodon
Plates 12-14

BEA: LA : SCST-064, SCST-065; T H[T#H: SCST-028; L%{ll#% #: SCST-008, SCST-
084, SCST-097; T %fill# thi: SCST-158.

PEHH: 2 5 IRo & T RAINN 5

PE HH R B PO e B (L g AN RTURUN B o 58 oD HRoki b 2 7> B BRI

FHHME: SCST-065: EMIAE M IR 22 mm, MK KE 28 mm, EREHIE 11 mm, #HRIE
17 mm, WHEJE 4 mm.

SCST-158: EMIEMEEE 16 mm, 8 i K& 20 mm, EWEANE 10 mm, #ARME 17 mm,
WEEHJE 4 mm.

FeEk: LBHATH (Pl 12A-B) 1B WT, EREHITEMHFMHEBICE N TESE S TME
<, BIFEMYLTWDLI LT MT@E O m~N L. /N7 =ATF ORI EREH O
WAL D 0, STl - EOFRASEET 5. BIKEOIMRIIEE TV, wRISEM
EFREBICB N TUZIERNRTH 22, EREHBICBW I —HFOWRPLLMH N0 I
K THDH. EROIEEHLO R IO AFHT)A TS UFRNZ T, s iR &R &
FBEEICHREL, BERBICBWTHESEICA— =7 L TEY, EEmEBIZEBNT
FRETEEY LA D.

ESMEE (PL13A-C) 2B WT, EMRBEITEM/ HFREBICEHN TR STRT
BY, mOHFBASHBAS TS, BIFOW CIHBEMmEIZEES LXEBEA TS, FHIIK
FHITHA R (HDWIEAAEZHN) =ART, MESIETEEICEY. FHRITEN S0
HBIZBWTIEMFRTH D, HROEEHLO P RILO XA IFES AL, THHEBHLW V
FRTH D, WREMFEEITEEICHKEL TBY, REmBIZISWTHRETOT NI
R 5.

TEEE L ATE (PL14A) (B WT, EREHITEM/ HMEE ISV TR, 1ZIFE
SELTWA. F£, EREIFBERSLICES W TIXEM S mICE B3 5. BIRERIE/N
SR AT, Tl @EOFMA~RRT D, WREOLEITIAV. FHEOKEHROH
PR D AXFTIE RS, A ZH O VRN T e, AR H A X B 1238 = L,
BB B W T RESEDY B2V, REmBICEWTHRETED Eins.
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THMI#% M (PL14B) ([2HBWT, ERETEM FRIEBLICH O THIE <, &OH M
NMEWTWD . ERFEOBMAIEILEM G M ~DF B LT 5. RBIRCEEIE A 722 =
AT, MEIETREEICEY. HROEEHOPIHMOESRDICUI VAL UFHTH
D, AR EMIMEA L CREL, BEEBICEWT R—2aRT, RERBICBVTH
REThELEHTS.

B ERLOD Cretalamna catoxodon DFiEO~Q@B L V@ zHA T\ 5. EL, @IZ>
WL, AR O H AR R PR 2 B B TR B Lo 2 &, BB 8L T AR AR
FEE DRI A — "= T LRI L2k, HEXRROLND. TOYH, ZIT
IZ Cretalamna aff. catoxodon &9 %.

FEH L7t a2 B8 c S5 41 & Figure 3-1-3 (2779, Siversson etal. (2015) 23 74
F—=AMZ VT O ) ~=7 UENGHE LT C. catoxodon L tE~% L, BB &
WFFDOHTE DA AR KE L, WRNS LD KRE S HWEREEZ FFDO 72 &0 S THEN R
HHND.

Cretalamna cf. catoxodon
Plate 15

A BRI FLST-003; T %A{11# #: FLST-004.

PE B A8 5 IR & TR

PE HH 8 8. DU E g B L A R RN g S o0 HORZ D 5 7> B BB

FHAIME: FLST-003: BMIEMEIRE 15+ mm, 84K K& 22+ mm, ERHE 17 mm, #RIE
26+ mm, MIAE 5 mm.

B ETEM%E (PL 1SA) 2R W, EREHIIEM/ EMEBICBVTHELS SR T
BY, HEOFEASEHNS>TWD, EREOEMEITFHCTH D, RAIMEILHA 22§ 72
SAFT, MXFEEICT. RO O P o AFAITELS KL, EHEA LW
VFERTHS. EREREEIEEICEEL TS, EERBICBWTHEMYZ2.

BT ICALE T % FRAMI% S (PL 15B) (23R T, EREHITRM, FH R E B\ TH
E<, IZFEMNLTVDR, EOHFMSHT IR > T D, ELEIRBEBRES
THEY, MARZART, MXITEEICTV. #RIOODERBMEEFESATERY, LKL
OHFIRITEELS , OV FRITH L. RGN ILIEE IR E L, MEnslic
BWTm LD, AEEBICEWTHRITRET 2.

s EFLOD Cretalamna catoxodon DG %2 TV 503, O~@DIZ 2N TITfIET D

b
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AL 72N T2 DICHERR CTE 2. L, E L7 EEEB L O THEOMI%L R O REX,
ZIEI C. catoxodon D37 % A 7 (Fig. 21F, 22B: Siversson et al., 2015) & L < —#&%7
. FD¥Y, ZZTIX Cretalamna cf. catoxodon & 3 5.

7 2Z 7 AR Anacoracidae Casier, 1947

A7 T U aZ s A& Squalicorax Whitley, 1939

B8 Squalicorax DFFE L L C, L2 505 (Cappetta, 2012) . O & ix =4 T,
Ao CTIRESLT 2 2%, MIEHE TIEE LG MAAMELS . QUIRICIEENFEEL TWD. Qi
DRI E LS, ERHUMGEMRICEOLATHNI2bOETHD. @EOFITELS, @O
DHHLGEIIIE O A TSR, BOENLWHEASICITEA TS, @WRIZIETOE
MRV, @R O BRI V FRICED. OEROBMEITITNANZED 5.

cf. Squalicorax sp.
Plate 16A
A INM-4-16768, M DRI 0 OB DRI SN Rl T 5.
PEHEE: LR A E == b Is3 T
FHAME: B R R 7.0+ mm, PEENE 6.9+ mm, PIE/E 2.6+ mm
FRE: #E X E ARSIV, mOF ST <. HRIEIEE S AT, EFRICm
TREAZZHET. BAEIIE ST, ZFFETH D, REICBW T - 3@ O0EITH
60 FETARD D, I ORIFFESLMHITH T 203, BOBITESIZEBAT D, b« &2l
OEVRIZIAME T, RORICERAE A2 72 39 2 Smm 12D X 16 [ERRE M 2 T\ 5. HK
TILB & 7 NS MG S A 72 PR o Wik 2 7297,
Bost: AREEARIT W E DI TR Y, URRICIERZMR 5 2 Lnb, AERNLET
L AHE L TIET F 27 7 AF Anacoracidae Td 5 & il S4v 5 (Cappetta, 1987; 1

Mo

B« $5K, 1995) . 7 =27 7 AR} Anacoracidae @ Ptychocorax J& ¥ & O Squalicorax J&
X, Tl - mOOURKICHE & i 2 5 (Cappetta, 2012) Z &b ARIEAREFHBT 5. K
FEAR O3 DRI AR DS AT D23, Ptychocorax J& D im Lix XTI H T2

(Cappetta, 2012) = &5 R BI S, Squalicorax J& D im DFIIHE & 2 72 WA IZE A
9% (Cappetta,2012) Z BB T 5. L7 o> T, AEARIL Squalicorax J& T & 5 Al
REMEDREmW. 7272 L, RERITERZ RS R EHOETH 5728, cf. Squalicorax sp. & L
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TH<.

44U =4 A F} Odontaspididae Miiller and Henle, 1839

v U =& Carcharias Rafinesque, 1810

Carcharias gracilis (Davis, 1890)

e Carcharias gracilis DR E LT, AR H4L5 (Davis, 1890) . O FMEHILAN
E o TEHTENED. QRIIHIZIE SR> TS, @RTHILS FRICEH T2
— 07, MBETHE 0 BT RN~ . OFT#E O & S1E 12mm FBREZR, A% E
DOEESIE 10 mm RETEIAEIEFEALSONTHD. ORIKIEEITFEE L TERED G
EDSHDILBNTHL. O@FRITHEL, wELY BMHM~HOD. @R &M
HIXEY ER-oTRY, BUEIZI~ZATEY, REMIIAS~ZATHS. OWILk
FIOFRDMEIZ L > TEDREEA Th HD, EWHA L RIMEA ORISR 2MBESH 58T
LBLTWD.

Carcharias cf. gracilis
Plate 17A

EAR:INM-4-16772, IZIERERICHRAFEIN TV D REOEF. EEH & 1 3t O RIREE N 5 72
Z. LRI OWR O AN RERH Y, EME T ICRERER~ N Y 7
ARMFE LTS, HAR O IO RSB R E A © 130 Bl WEE FE 01 20 CHRAE S 2 AT 0
IEEEL, ML TS,

PEHEYE: EEEEE WAE == b Is8 [CHRT D LHE SN DN S EREL

FEOUAE: EAE MR RE 14.3 mm, FAE KRR 11.5 mm, #RIE 13.3 mm, KWEHE 6.4 mm,
B o e K 19.1 mm.

BEl: EWEIIREL, MECR-,TED, ELOOM<. EOBLTKREIIZDLT 2T S
Faf < FAEITERICH2o TEAEZI L, EENLWIEHD 2450 1 {1k T
TONIRBEEDME D D . B X RERAICIZITEH T LN TH 228, EEIITAHEANZ
BOVBER SV, REEES TIXERICH > ThPPICEREHE L, FEEF R T A
5. EWEHOGZITIHARTHC, EREE TEREL T, RIKEHIEE SN 5. Il - =
DEIEEIL /NS < RER ZAF T, 2O, UHIEHER T8y, MEEics T,
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DT EMASEA D, BEHE AR ORI, FME CESEENRET D, ERITEL
CX LT @O RS, WTRORR S A, WIREMEE N ET L0, R
EHEOFEIIRBOLOAPTH D, BMmEITFRIZE»> THRATD.

B AREEARIE, EREEAN K E S ORBRIEIAE T, @m0 - mOFMIC XL TRY,
%< OF A IV A H Lamniformes & LB O A FF>. F7-, EWEHEITME < 208
TSFERERTZ LR, | MHORIKEEZFFSOZ L, HHEGEAMA D Z &, WREMME
MHEEST D L, WARITES ZX L TGERODRBHRTH D Z &, REBILN L0 b,
AU =4 A F Odontaspididae 247 %8 E 415 (Compagno, 2001; Welton and Farish, 1993) .

HE RO ET S 447 =% 2 F Odontaspididae & L TIL, Carcharias J& ,
Cenocarcharias J& , Hispidaspis J& , Johnlongia J& , Odontaspis J& , Roulletia J&,
Pueblocarcharias J& A 5T % (Cappetta, 2012; Bourdon etal., 2011) . AIEA D &
BRREIX 19.1mm TH 5, Cenocarcharias J&1X 8 mm % #8 x 3, Johnlongia J&1% 7.5 mm
Z 272\ (Cappetta, 2012) T EMBXBIESND. 7o, AREEARITFEBEEO FMHE I )
TN Z A A TV D DY, Odontaspis JBIXEREHOE MEIZZERIZHESNTH D

(Cappetta, 2012) Z &M BLRBIEND. £, REARORKEIL 1 kL7, REAR
SAFTH Y, AL - EORIEE & ISR < 2, Hispidaspis 8% 250 BIREIE &
ZHUMEHINZE L & i 2 (Cappetta, 2012) , Pueblocarcharias J& 1 EWMEEIZ [0 2> > THE <
2 xF ORI % i 2 5 (Bourdonetal., 2011) Z&MNHXBIEND. S HIT, REARITK
BHO BRI O EEITE W Z 2 525, Roulletia BOBMHIIZERIZELNTHD

(Vulloetal.,2007) Z B RBIEND. L7 -> T, AKEKIX Carcharias J&TH 5 &
HErEn 5.

KREEARIL, LR D Carcharias gracilis DR O~®D 5 b, QLN EHZ TWD. @DIT
DU TIE, Siverson (1995)I2 X » CTHL# & 7= Carcharias gracilis D 25 & 16 mm LL L
ThdRE, HEVA XL STHIBEOERENRBROOND. ZD72), Z I T
Carcharias cf. gracilis £ T 5.

72%, Carcharias J&D 5 ©, BB D E i O FERIZH WBEE 2 2 5 b DX, C. gracilis
B X O C striatula 7350 51T % (Cappetta and Corral, 1999; Cook etal., 2013) . AHEA
O A KEIE 19.1 mm TH D2, C striatula 1IKEL EH 10 mm BBETH D (e g,
Cook et al., 2013; Siverson, 1997) Z &b KBIENS. C. gracilis O R O &R 1 & <
2, FMEITEISCEZEL RO THY, REmITINLAZH VS (Cappetta and Corral,
1999) Z &R EDRFEMNAIERL — 8T 5.
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cf. Carcharias sp.
Plate 17B

A INM-4-16773, KRBEOWF TH Y, FERIHREI KO0 - HORIBE, S0 - 50
DIRERZE XKL RIFESN TV D EKRIE, BRIEHICBWCTREMDO T F A a4 RO—
DHBEL TRV, OB RED DL RETIC T TEC B2 #EE LT D.
RERFERIIEEEIC L > TECZREBRS 5.

EHREHE: BenEE e == M Is3

FHHME: R ECIER 17.5+ mm, FREEME 13.6+ mm, BIEEEER 21.0+ mm, WEEE 5.5+
mm

HE: EMEEIEAEL, MEHY, EOICRORME L. FMIEILIE PS> TEL A B
L, HEENOKEEO P RATILE TICIWEEERH D 2. BMEIZIZIEFEHE T, EEICE
EHMRRBENMED S, ERFOURITIAR CTHL.<, I - = OBO KT 150K
SARM D > TWIIEBIARO b D . Tl - ORI OEE (kW) 13/ < B
Thby, TOEMES ZONEL - BOEENZIICE S FROIAWRER Hb 5. WEE
LWAROBNCIE, HME CHSFMNREET D, WRETMEENEET L5, KEBEOH
MIIREOZDOARHTH D, WRFES XL, FEo - @mO~MRS.

e ARREERIE, EWESKE ORI T, WRIEGIG - mOFMIC X L TR,
%< OF XA IV AH Lamniformes & HBORHE A FFO. F/o, | AORIKEHEFD, K
OB ORLEICHSBMORERDH D L VWO RS EMZ 2720, AERNLET HF
A I # A H Lamniformes & L CTiE, FrEFR A D Cretodus J&, =47 7 LT F
Eoptolamnidae @ Protolamna J&¥1 X Y Leptostyrax J&, A4 YU =4 A F} Odontaspididae ®
Carcharias J&¥ X OV Cenocarcharias J&, Hispidaspis J&, Pueblocarcharias J& & {4 %
(Welton and Farish, 1993; #%€1F 7>, 2018; Tomita and Kurihara, 2011; Cappetta, 2012; Vullo
etal.,2007) . AEEARITBEMERAIZ D 17.5mm Th 5D, Cenocarcharias J& 1L F
RRKENRKEL ED 115 mm THDH (Vullo et al, 2007) Z EnbRAlShb. i,
Protolamna JBIZH I K@M KEL LH20mm THY, RO &S IIZ O LG TH D
(Cappetta, 2012) Z &b XRAIEN5. £, REARAORIKIHILZ 1 JIOHLTH 5N,
Hispidaspis J& 13X % 5 O B W & 5 W X 8V 28 8 % fi§ = ( Cappetta, 2012)
Pueblocarcharias J& % 2 %t O EWEA % fif 2 5 (Bourdonetal,,2011) Z L XBISNS.

72, Leptostyrax J&ILFWLIAD U5 23 B JEH TRM A~ ViK% (Cappetta, 2012) Z & 2
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B, ARERLEIRBEND. BT, REROWLD - & 0ORIBEHO LTS < HF
T BN, Cretodus J&DFITHIZIED KW=/ T % (Cappetta, 2012) = & 5 K3
ENs. ERomFHC LY, RERIIAA Y =% 2 Odontaspididae @ Carcharias J& T
HDOARMENEW. 72720, KERORFIIRTERTH D720, cf. Carcharias sp \Z D
kL.

v aru X7 g Johnlongia Siversson 1996

BEK: Johnlongia J& DR E LT, LAFAZEIF 5% (Siverson, 1996) . DI O FWEHH T
MR THOF LT mA~ME< . QRT#E ORBIEITH <, EREOITOMAS L < i3
DDA D D . @FTHE O EIREED UL, A BEE AR 35 TR TR 7S
D, REEERIZBW T LIE LIEREERND 300 1 £ TIZROND. @RI O R E
MIFEE T, RAEKICBWTIEFFICRESEEL, BVWPLBICETHaEEns. ®
ATEE O AR IIIAMRIC X L TEY, E, mLEOFMITIEATEY, TORN LY 3
ELTW5S. @R OHEROBERERICIE 2 ~ 4 >0 FAl#%FL (lingual marginal foramina)
Wb s, OMBEIZEBEFMICOSN TS, @TMWEE T FEAME # TIXE O J7 [~
s < 2S5 A%, FEAMIEH TIZE SISV, QRI%E OIS, B L O3B,
W ONEIZ XL > T, BMESEOBNENEMES L <IXEME (H2DVIEZNS M)
WF D Z b 5. WIS OHREOBIL, %AFITAET 20T EFFICEMREIZE W
TEVHET, RAEEL YD B REBEEICBONTEIVRELTND. OB FICHET
D% B CTHRRIE BT~ 23 > THR Y, K& IGFISAE T D IR A
RO & TFATIC R D . @REE PR O 1 8 0 8 AR 13 B BRI 3T D D 5 1A FE e BR ¢
HY, WORITEOREIVEEL TS, OAIZEORIEDOEEmRIIIFATEY, &
SHRORNWHLEICE > THBEIShTn5.

cf. Johnlongia sp.
Plate 18
BEA: INM-4-17929, IFIEZERICHRGFEIN T D EMAME. ERIEHE 1 XFORIKHN O 5.
EHEYE: INeEEE EekE ~=v b Is6.
EME: EAERIEE 7 mm; AR KE 9 mm; EWEIE 3 mm; WRME 5 mm; RIEE

2 mm.
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B EWHHIIREL, MRS R, TEY, EOICRORM <. 208 TREAI S F4f#f X,
JE AN T 0 F R < ERIF A A~EE LTS EHRImEIEIEFIZm 2o TEEL TS,
B O FLJEEITITIROVBEEDN H D, EREEO PRI m N> TV D, EREEO BT I
THL<, FJEFE CHElfic LT, RIMEEGIRE SRR D, b« BORIMKEEIT/NE < RER
EAET, @O WRIEIIRRTHV. AR X LT - D T O,
WP ORR IV, EREMFEENRIEEL, REWVRBIEN 0T 5.

B AEKII%AE TH DD, LD Carcharias gracilis DR O~® D 5 5, O~
@IZHOWVWTIHHERTERWVD, O~BZHATWD. D7), Z I T cf

p=(1113

&~

Johnlongia sp.& L Tk <.

HEBMEARE DY AFH  Selachii ord., fam., gen. et sp. indet.
Selachii ord., fam., gen. et sp. indet. A
Plates 16B, 19A
A NSM PV-5303, #iEM IZIEERICREFESNTZIATH L. WHRITHEICEEL T
%. INM-4-16764, WEEADRFEE 7 D AN RESNEHMEA TH S.
PEHE¥E: NSM PV-5303, JRE[EJERE #KEE == FIs6 THb
INM-4-16764, WEIEERE BEAE <= F1s3 TH

EFHIME: INM-4-16764: EMIHKCEEE 7.8+ mm, TWCEANE 3.3+ mm, WHHE 1.6+ mm
BREk: WHITME V. FAIE I 52T, ERICmso TREAE T, BAmEITE ST,

EHIZm Do ThOTNIEARZ T, REICE W TE - #O0KITH 20 ETLb 5. Uik

AR TEHL. BB T L RO Wi & e
B ZNODERITMEVWKEIHTHY, HFRIEITERICH?»- TEAEZHE L, UkITHE

EMTHD LV FEMEMZ D570, FAIHF A H Lamniformes (e.g., 44 7 =4 % #

X

Odontaspididae, < 7 U # A Mitsukurinidae, 7 L k% < U F#} Cretoxyrhinidae, 47
7Y A FE Alopiidae, X I H AF Lamnidae) , # 27 7 ¥ A H Hexanchiformes (e. g., 4
)b 2 Z AR} Orthacodontidae) , A v ¥ X H Carcharhiniformes (e. g., KT ¥ 2 F}
Triakidae) & ¥H{E14 % (Welton and Farish, 1993; Cappetta, 2012) . NSM PV-5303 ® CH I
10mm T& ¥, INM-4-16764 ® CH |X 7.8 mm Tod 523, HHEifLD KFH 2 F Triakidae 1%
WTNDOED 4 mm =8 %720 (Cappetta, 2012) Z EMBRXBISND. LB ->T, K
AT R XX A B Lamniformes £ 72137 277 ¥ 2 H Hexanchiformes |2 &9~ % A EPE A
B, LnL, AEREIBANTHDED, YARO—FICEO TEL. %ik+ 259 2
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<> —Ff C (INM-4-16766, 16767) 73 IR 72 Rt 2 i 2 2 DK L TN AL TH 5.
Flo, BT LHHAXDO—F B (INM-4- 16765) & t~T, Fllmis L OV o R
DOREC, REEB COWmEBRNELRLZ 10, ZZTEHMARO—FA L LTK
AL THL<.

Selachii ord., fam., gen. et sp. indet. B
Plate 19B

AR INM-4-16765, SA72 T O LA T, REHB LOWEE FH»HHE 4 K <. JBfkIC X
STHELBRKIZEIY, FRTEAZZHAESNTND.

PEHEYE: uEEiE BaE == MIs3 T

FHAME: P 9.0+ mm, FREANE 4.7+ mm, WEEAJE 2.7+ mm

FE: BEMEILE 62T, ERiCmro TEAREZMT. BMEILE 62T, 1ZIFFHET
5. BRI OV, BEmEE ClErmIX e E T,

BB AEARTMEVWKIHTH Y, HHEITZIEFICHmNo THRSIELZE L, YKITED
MNTHDHENWI R AEMZ D720, *AIH AH Lamniformes (e. g, A4 7 =4+ A F
Odontaspididae, <% U # 2 £ Mitsukurinidae, 7 L k% 2 U 7 F} Cretoxyrhinidae, 4
7Y A F Alopiidae, * A X % A F Lamnidae) , # 7 7 ¥ A H Hexanchiformes (e. g., 4
Y 3 ZF Orthacodontidae) , A ¥ 7 # X H Carcharhiniformes (e. g., FF % 2§}
Triakidae) & #ifl9-% (Welton and Farish, 1993; Cappetta, 2012) . AEA 0 W HA 17 5 1%
9.0 mm T DA, AHAO FFHF XF Triakidae 1TV THLOBEH 4 mm %82 720
(Cappetta, 2012) Z 2 BXBIEND. LD > T, KEEARFTF X I Y A H Lamniformes
F7213% 77 ¥ A H Hexanchiformes |ZJ& 3 2 ATEEMEA SV, Lo L, AREEARILM A HIT
bHoIeD, YARO—FIZHO TH <. R4 5% A XD —FE C (INM-4-16766, 16767)
DHABRREREMRADDOICH LTRBIBPELS THD. £/, M L7ch AXKO—FE A
(INM-4-16764) & Ho~C, Elm s & OV oo 7 o L EE R0, 5 JEC ifni 81 C oD I i T Ik
WERRD. 207D, TZITIEHEFARO—FfB & LTRHLTHL.

Selachii ord., fam., gen. et sp. indet. C

Plate 19C-D
BEAR: INM-4-16766, WIH7ZT O bA T, RIEB X OWHH FHEA OB 4 K <. IKIHET
FIH R RS CRT L, 2 03TV D
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EEHEYE: MenEER #aE =y Ms2 L

FHAVME: P 7.8+ mm, PREANE 2.7+ mm, PEEHJE 2.1+ mm

FEE: WHITME Y. S ER i o TlREARZ L, WSHEMICIE 24 AOHHIT
RMENROLND. BAEITFHTHEL N TH D, TIRITHKR T,

A INM-4-16767, WHHD R O N RAF S L2t A TH 5.

EEHEYE: MenEE %aE =y Ms2 LE

FHOAE: JEAE R R 6.4 mm, MEEACRAEDE 1.9 mm, PEERAFIE 1.7 mm

O IR Y. HHmEIER < BH L, wSEMICIE 17 AOHAIN AR KRB b
5. BREIZFEHTHELNTH D, UEKITHBE T,

BB 2o OEARIIWT S HE WK T, FImEIEHR < B L CHRSEMIZEZERH Y,
BAIEIXFHTHD E VIR EHKZ D720, * XY A H Lamniformes (e.g., IV 7
U 4 2 £ Mitsukurinidae @ Scapanorhynchus J&) , 51 77 4 # H Hexanchiformes (e. g., /%
7 4 v ¥ 2 # A F Palacospinacidae @ Paraorthacodus &) , ¥ % =2 % A A
Synechodontiformes (e.g., /N7 =4 & ¥’ 7 A F} Palaeospinacidae @ Synechodus J&) & ¥
219 % (Cappetta,2012) . LU, KEKRKITIWABTHDL72D, T AXO—FEIZHE DT
B BB LY AR O—FE A (INM-4-16764) LU B (INM-4-16765) LI, WHID
HMERLEMOABTRBNES THDH. TDOD, ZITEVARO—FC & L TR
LTkL<.

4-2. EREHE
€t % Class Reptilia Linnaeus, 1758
& & B Order Plesiosauria de Blainville, 1835

AU =27 4 /L AF} Family Polycotylidae Cope, 1869

B AV a7 o VABRORME LT, LFAZEIF 5N S (Carpenter, 1996) . DK & 7284
MEEWEHAROEREHETHD. OQRVWFHMEGEZMATZRVWYE A FF>. QBHIEE
EWRRBENEET D, OLBEFICIE 4~ TH0OEZHA5. OWITH#ER TV 4
YoV ABE VIS, URERKZ RV, @RKEIZFHET, #E interpterygoid
vacuity 285 Z L ARV THRIRTH 2. OFHEIL 19~26 [ TH L. @FMEIZHILD
BEHAR O, OFFREBXOKEHEE ITEEE.
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SOBFORE: R a7 v ABOSEAEOREZ, LTD#EY Th D (Figure 4-2-1:
Williston, 1903; O'Keefe, 2008; Albright et al., 2007) . OAL4A OB AE X IEFFRITH > THE
LTS, QREHBIETHRNEOELICHD. OBRMFICHE =M OEN KL < HiE
LTS, OFCHKEBRBIC L > TE, EPHRMTICELRD .

Polycotylidae gen. et sp. indet.
Plate 20

BA: REBBEA (WbEiiak - ALAEFTR) , HEELZAK e, Bk o 288 05k
Snds K Ok O DANTR BRI L > TREL TS,

PEH M 175 IR D & T RARTHRARR.

PEEMBEYE: a0 I, A3 RSN ALE XD RO BiRicam L Twv 2 g Hk
LiclEBEZ2DbND720, EHEETIERERZRERANBE T ThHL EHESND.

BE: KESTIHRENVSROBE B TH Y, RIS OISR DR DFEET D .
FR 0 22 O FF S L 23 BT 9 2 B TR A AR T V. SMUBIZMA TN T
B HH A O B BTN TRESFEET D, ZOEROEDIT/NS 7%
BIXA LT, WHONTHDH. ELEICE, ERE 1~2 cm OMIKROELDB N Db
5.

B LRRORY a7 4 AV 2ZAFROKAEFOREO, @, @z T, K2, o
BERIN SR T~ o> CHRETIH AR OERIL, R aT o VAROFRTHLRY 2
T 4 IV AMBHNZE T D Eopolycotylus J&, Polycotylus J&, Dolichorhynchops J&IZ i 5 1L % s
MTdHd (Figured-2-1) . 7272 L, RERI-HRKELEZSOETHLZ END, &
Vars gV AFHZE ED 5.

RNY a7 4 VAHED 5B, Dolichorhynchops JEIZIEHE = A O ZEE OFIZIZ/N X 72
HOR OB M D 2, AEARIZIZA SN2V TR S 5. Eopolycotylus J& Tlx
BRI E WY, Polycotylus J& TIXBAZNE ST ~1M70 > TEIT 50, AEAR
DBBITIRBIZEVEEBARPATH D7D TE 2.

BB FERE O E KM  Plesiosauria fam., gen. et sp. indet.
Plate 21 A—F
BEA: FM-N202000842, Hififf L 72 MAHEDHEIR. FEWTIC L > TETF 22128 TWn5.
PE HH H: i 5 VR LA B T 4 RN

36



EEHEYE: fiia L VR BaI3E RGETICEE T 2 BICEH T2 EICHRk L EE R
binils, PEHEETRERHERZRERAIETHE O LHESND.

FEE: HHHAOHAETH D . MRS PEEII CAN TR TN DY), Fitkl IOE
EOXBNIRETH D . Hik OB E IO T NCEALTWYD . JEAIEIZIE— 5 D RELL
D 5. MEARMEICIIMEERFEL TELT, WEBIOMER & OB 2
ZENG, AHEOHMAETH D LTS D (Brown, 1981) .

g itk oA DT ACEATHD 2L, BUEIC -XORELRDH D Z LD,
EREBEOHEAETH D LN D.

Plate 21G-L

BEZA: INM uncatalogued specimen, Hiff L 7= i HE 0 HE(A.

PEHHE: 48 IR & TR AT R L o,

PEMEHE: WERERE EILE ARG E .

EE: HAEROMATHS. MREDPEEE TN TEDALTVD 2D, Fikl LOE
FOXBNIRETH 5. Ak OB mIZOTNCEAL TS, BEMEICIT—XO5REF L
Do 5. HEEMAIEICIIAEZEENBEL T LT, WEB I OMmES & oBHEim»Z20n
ZEMnD, HEOHAETH D LB =id (Brown, 1981) .

BB g OBMSiE N b T NICEATND Z L, BRIEIC—XOREBLRDH D Z 1D,
BREFOHAETHL LTINS,

Plate 22A—H

A FM-N202000844, HEEL 7=t CThH 5. HROKE DA KDNATE Y, oSkl b
RIFTTWD., FIHICL2ZHB0BBANRD Y, EEFTHEINTND.

BEH M @ ) IR S B T T ARAR.

PEHRE®E: fnn LI, BAIXBRGITICHET 2 BICBH T 2MEIchk LB X
biLd 7w, EHEEIIIGERERRERAE T ThHL LfEIND.

R bTicEBih LMo ThH L. wiEiTo T A VETHEDLTEY, KiHEIC
4/t (apicobasal ridges) MWZEHE L T 5. FHITE I OSMIl LV b NANZ BV Tk
N, MMPAHKRETH D, FMEAKROIEICK LT, FREOEOIF S NIEV. FHRIT
EARE Tl <, R o720, BUNTZY LTS, BliosMU2EME S L < IXF7HE,
WRIZAERmES L IZZEmToh D EHEE NS (McCurry etal., 2019) .
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Hse: SO ET LM OwRIT, AKEREER LZREELS X OMAEOZH O RHICE
WTHSLIZER S TS, L, WEOMBmcsNT, FMaRd=F ALVED
WA OERICK LT, 2T ANVEERFEORERmBRIST 2ERELRIS RN &
T, BREBELZNASO T NV—T HXHITHZ LN TE D (McCurry etal., 2019) . E
VYN, =47 2 (V=) , AV o (BEE) , AREED
FORBEHICEWNTIE, =P AVERBOERRESS LT, = F ANVE LG TFEOHER
BEIRZ 723 (McCurry etal., 2019) . AEARIL, #HBTHICEW T T ANVE LR FHD
BERIZERZRS RN LD, BEREHEOE THD LW S D (Plate 22E-F) .

4-3. BV UL RHE
A% H Squamata Oppel, 1811
Y P 7/ R EF Mosasauroidea Gervais, 1853
T Y Y 7L AF Mosasauridae Gervais, 1853
Y9 )L ZdFE Mosasaurinae Gervais, 1853
£V P 7L R KR Mosasaurini Gervais, 1853

v MY UV RAJE Plotosaurus Camp, 1951

H¥#%: Lindgren et al. (2008) 2L > T, A FO®RKMEMH 22 KA (2EK 8m) V¥
NAFEERSN TS, HEERNIEFIZKLS, E2roE o2 I ey, B
IZBWT, HEROFE SI3F IS (condyle) OREIEL Y b/ SV, FHEOKE S
BOFLERUL», RRKE V. KBFIEAL, ALK TEY. @ERE SR
(hyperphalangy) 237 Hiv, &5 OFEEHIL 16 HIZET 5.

cf. Plotosaurus sp.
Plate 23A
BEA: INM-4-17907, HiEfE L 7= EHE (intermediate caudal vertebra; Figure 4-3-1A) . fh#%
SEREMEROIFEALEDOESITRLICE o TREBLTWD. K, ZERZEE, mES
DEEFBITE T HRFES N TN D.
PE I HE: INM-4-17907 1%, KRR O H 220 O EE R THRIS 2 es DA H 5
FHRINT.
PEHBEE: LAz & A CWinfa OFMEEHNMICEL T 2HBOSHN LS —HT 52
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Erb, ZOERERITIENEERCEEE (Mo "=T7 ) ChARkT2b0LE2H
no.

TR INM-4-17907 [XHBE L 72 HEE CTH Y, MEEBSIOCMERSRH L Z b HEE
HE & RE S5 . HEAIZ AT M7 (procoelous) Td W, HlHEI 2> 5 7L THLIE (wedge-shaped)
Tdh 5. B (condyle) & BIFIMR (cotyle) DBIFIHEIL, HME (23 22 # =)
ThoH. HEROWEIZES»THD. HEKOES (CL) 125mm THY, &S (CH:37
mm) OE 9 23ME (CW:35mm) £V bbb FnickEwv. HEOME (CL/CH) 1% 0.68
Thd. MERFIFIEBOLPMRFEINTEY, HEICHEA L WD, EREZERITHEED
e ICAE L TR, WEARICOSNTEEE LTW5D. i SITHEEICEA L Tk
0, ZOETIIHAR DO HE % T IOV TIHE LTS, CTT — X OBRIZLD &,
FEWT B W CHERRE S RIS LTEBY, MEs X OEEORE (~3 mm) (28
BENSMALTND. WBREFICENT, FREEMIE—ICamL TRy, LTHi<,
HEWIETHD. B RMAEBIT ORI MICES] LTV 528, BT O M TR
HANZE S L T\ D  (Figure 4-3-2) .

M8 : Russelosaurina (Tylosaurus #iE} + Plioplatecarpus #fiF}; Figure 4-3-1B) (28 Ti, Ifi
EEMEEETICHEIR & BT 5720, RERLE OB RSN 45 (Poleyn and Bell,
2005). Halisaurus #iF} & Mosasaurus HLEHZ B\ CTiE, MiE S A HEMAR I A 9 5 (Bardet et
al.,2005). L/>L, Halisaurus lERHZBWTIL, BHEOHAORE S NHEI LD L KE 0
A% Td %72 (Bardetetal,2005) , RIEARE DB NLRIISND. LEER->T, K
AT Mosasaurus HiAHZ D SN 5.

KA AT PE D AR T F LD 1 > & LT, Mosasaurus iFHI B W CIZRERHEDE &
NEMET AMEM 235 % (Lindgren et al., 2007; 2011; Figure 4-3-1D) . %¥§\C Plotosaurus J&
OHFMEHECEB W CIXEMNE L, HEEOMENBS L% 0.7 THD (Lindgren et al.,
2007) . ZAUFBEM STV DTV H UL RO RHED HTIiE Plotosaurus J&IZ D B8
DOHNDFFMTH Y, Mosasaurus HE DML A 23— (Dallasaurus J&, Clidastes &,
Prognathodon &, Eremiasaurus &% % 0% Mosasaurus J& & 13 X% &7 %  (Lindgren et al.,
2011, 2013; Leblanc et al., 2012; Figure 4-3-1C) .

KREEANL Plotosaurus J& D HE M (UCMP 32778) L H#E L TR EZ 70%D K& & T
& % 2% (Camp, 1942) , HER O E X Z OJF OMEIZIEF IZIE VS (Figure 4-3-3) . Lindgren
et al. (2008) X Plotosaurus J{E DR E LT [ KEOEHH T L AFETH S (alarge-sized
(~8 m) mosasaur) | = & & Z&\F 7203, [Flw SCH T P. bennisoni D % A 7 FEAR (UCMP 32778)
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DERIIBXZ42m EHEINTWS., LN - T, KIERD K E X1 Plotosaurusu J&
DEFEEROHFHBHICEENDS. LL, RERITHEgL-FHEHETHL 2O, TD%
BT of. Plotosaurus sp. 12& EHTHL.

Plate 23B

A INM-4-15694, HLEE L 7-Kui B HE (terminal caudal vertebra; Figure 4-3-1A) . ik = &
MBS OKRKBIIFIEALIZ L > TRELTWD. MK, #RESOREE, MESORXTS L
<X S AR (haemal pedicle) IZRFESNTWVND.

PEH M KIRR O 72 b 2t

PEHH JE %E: INM-4-15694 (ZRBEEEE S E O 2=y F Is3 O FEA GRS, ZOE
EIEITH~—A NI EFTUoBETHDL EHEINL TS (Masukawa and Ando, 2018) .

FEE: INM-4-15694 (THEEL 72 FHE CTH Y, MIEDHRH 2 BEEZER N 202 & 26 R
RHEE RE SN D . HERIEATMI % M5 (procoelous) TH Y, M2 S R CREFF

(rectangular-shaped) T 5. i (condyle) & B (cotyle) DBIfiHEIL, BT
b5, HEOWEIZHERONTHS. HEORS (CL) T 17 mm THY, &S (CH: 25
mm) &iHF (CW:25mm) IF%ETHD. HEAROMIER (CL/CH) 130.68 THD. ik
FIEEMOBPRESNTEY, HEICES LTS, MESORBSIETREBLTND
2o, TOEEBPHERITHES L TV EI DX AHAETH H. A OfiESE i

(haemapophysis) & %\ 118 & (haemal pedicle) I HE(A O i F R AFUT 12 B 5 720,
PR DR IL LRI e o 7o EHEE S LD . BRSO R UL INM-4-17907 & JEBIL
THBY, SEFITHES, HHEIH—Cho. £, FRAMKTIES, BWIETHY,
BRI HTE T AICES LT 5 (Figure 4-3-2) .

B ARIEROHAROE SIXE S L0 8V, Halisaurus iR O BHEIZ B W CTIIHER O R
ENFEILVLREVDFEZETHH7-9 (Bardetetal., 2005) , NSRS D. £
< @ Russellosaurina (5l 2. (X, Tylosaurus J&, Hainosaurus J&, Platecarpus J&, Plioplatecarpus
B B W T, MR ENB XL Z 1.0 TH D (Bardetetal., 2005) . 7272 L, Lindgren
et al. (2010) % Platecarpus J& D JBHEIZ I\ T, BN T i3 2 555 TITHEIR O 28
BLZ OB ICETHAL, REBHETIZEGTIZW I > TZDENFOHKRT D L
S L W5 (Figure 4-3-3) . L 2> L, Platecarpus J& D RKIgRHEDHI T IXBE TH Y,
AIEAR LT —F L. L7223 > T, Platecarpus J& % & to Russellosaurina [ZAIEA & D
Ll 20 B BRAM S, AREAIT Mosasaurus HAHZ A SN 5.
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JRAHI 72 Mosasaurus #EEHZ IV T, RimEHE DO K S 13FHM L T2 (Lindgren et al.,
2007,2011) . Ai#i~—A LU & F 7 D Mosasaurus sp. (DMNH 21006) @ K ¥ )2 HE
BT DHERORIL1.005 0.7 TH Y, HIMEIE1.157°5 0.7 TH S (Lindgren et
al.,2011) . Plotosaurus J& D KimBHEIZ IV T, HEADMHIRIX 09225 0.6 TH Y, 1A
KMEIX 1.0 05 09 TH Y, BHIEIZME TH S (Lindgren etal.,, 2010) . 725, K
EARIZAY~—2 b Y e F7 D Mosasaurus sp. 5V &, Plotosaurus J&\Z HE AU
JEREZ /R L CW 5. HFIZ, AREAIL CIT 2804 (Lindgren et al., 2008: Fig. 4E-F) O K2
HEL TEREN K< — %7 5.

AIEANL Plotosaurus J& O K Bt (UCMP 32778) &L CTHB L E 54% D K& ST
b B M (Camp, 1942) , REAROD KX XX Plotosaurusu J& DERE RO IZE N5

(Lindgren et al., 2008) . AEAXRIZHEE L-FRHEMH TH DI, TOHEIT of
Plotosaurus sp. 12L& EHTH< .

4-4. 1 A
4-4-1. Ay KRB
71 A H Order Testudines Linnaeus, 1766

A R F Trionychidae Gray, 1825

Trionychidae gen. et sp. indet.
Plate 24A

AR INM-4-15300, HEE L 7= 4 B, A0sms X ONEAiE 2 KE L TV D, AL O
WIE IZ B W TIENESOHERE SIEBL L CMA TR Y, HREHAFLE L T\ 5 (Figure 4-
4-1E-F) .

EEMHL: KR OB

PEHESE: REEEN MAE 2=y F I3 THLPOERSAEZ. ZOBEITH~—*
NI BEFTUHETHD EHESIN TS (Masukawa and Ando, 2018) .

FE: RN MCKONTEETTHY, SONEZRTEATIAMN LV IESIENHTHS.
U O — H T 7o < g 0 D8R - Bith U, FHEOWHR AR>S, S0 b 5 —FHITE
WICHER LoD EA L, findy & RHANCEdh U, =AW oWk 2z £FF-o.

BB I IAREAUICES FET D AT, WRENERNTOIZEALEZHEDTEY,
B RAICII R E B RERIIAEE L. 72721, B ORI i {3 O — 5 1 I
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BOSH LRWZERPFEEL, 2O —HICHBM AT L T\ D, RS O R RE ST
S FA—7 OEMSEMETRGELS LY, WEMKIIM»o THLRD. ZOMEE, &
KA OND KBNS REBEEN M O L —FH L (Figure4-4-2) , REE OH|#E
SAERN B REOF LA (BRER) LA 55 (Digby, 1915; Payton, 1932; Lee, 1968;
Gray and Gardner, 1969) .

B ONEERE OB B NETICHEREY A TR LT 28I, AL O BT £ T TR
ELIERS2TWDHH, BEHPONER LA L TUIMCINELTWD. 2%
SOMNBEEYOFEMPELBIE - BEBEOZKNECKIT D, BB THIR LRV E NS
R & 13 —% L 72\ (Currey and Alexander, 1985; Currey, 2003; Steel, 2008; Nakajima and
Endo, 2013; Sullivanetal.,2017) . L7235 T, AREARE, EHESCHBEZR L ORMMAENZ
By, ETHEOREEZR SICHRT D AR ER .

TREICAKAETEIS LM RIS VTR, B BEREANRKE L, BNESEEE B L <
THERBICE > TEHD LN Z ERMOLNTEY, AMEROFM L —57 2% (Houssaye,
2009; Laurin et al., 2011; Nakajima and Endo, 2013) . F£7=, & AFEIZBW T, FEAE - K
A EKRAEICEDL T, REREHEENREELRZVW ENRMSN TS (Nakajimaetal.,

2014) .
KA T L0 NEICH 2R E 1T, &%k L OVEZREBR A EIR %2 23 Kl
DGy &, B BEOESN AR BLAL 72 T DRHERTE L. ZThbidthth, —

RENZB 8 CTIRMEB LI X > TR SN2 &, Bl ClEEEic X > TEK S
=¥y &R T & 5 (Nakajima et al., 2014) . AEADEKE SICB T 2 Hkm %,
Nakajimaetal. (2014) I[CXABAED AFHOET (LhiE) OFRESZELWmHT —#
IR L7 A, BEE I WRENERTH DA, MEES XOVERZFER O/
AR ERZ AT RICBNT, Ry RUBO 80T I ERAREOKAED A
LR —HET 5.

BONBHEOLE: o =7 W —~—A NV b FT7 O FER RO KA d 85
& LTIE, WEEH Plesiosauria, &4 4 7 /L 2%} Mosasauridae, IEf5#i H Eusuchia, =
U A h7 7 H Choristodera, & L C#H A H Testudines 3%} 541% (Benton, 2014) .

BWAEAOERERBLOEY S UL ZARTIE, WEEIZERT 20 FHRk L <
BY, Bl LEEREFHFORFTIIMELHEICRON DA, EBITHIEANESE & 72
0, BE b EWRIMOEENENET S (Romer, 1956) 728, AEARD 3 HFHICEHT 5E
SR ORE LT E B LRV, EFEERORET (BE - WE) X, Wb E®RNSE
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TSN D PER B AEARIE CHEETIERLS, S FREB oSN D ElE - KEREIC
DWNTH B 23D T (Romer, 1956) Z b, AEARLIIEE LR W, 22U A b
77 HORRBIX, LBE LS CIIE @ bE T M~ 2 5 IR0 AEAR T L BHE Tl
<, EREICOWTHE I TH < FmARFETH S (Brown, 1905) T &7 b,
KRIEEARLIZEE L.

Pl (1992) 2 XD &, KAEDABEO LRE L, <R3 #0057 w5k % 78 LTS
th L, B85 (caputhumerus) (ZRHH &L IFTEMIILZET D, (P B ORI
IEENENANMIZER (medial process of humerus) & #MAIZE#E (lateral process of humerus)
WD, (hg) Lpig oREETmeEo LT 20l MERICR DM, mHM
IZEMD I ONTIER LR LA D7E SND. RERE, 2k LTER (= B
DR ER LTIEE L, —HORmOWE A =AKEZ 2L (BB X OMIZEE, Nl
REOFEEICLD) , TOEMTERDIMLS 2o THEAFIEIZRY, b5 —HDORIEZ
HOEKR URFEICA D Z Enn, RREOKAED XD EiE O — 2 THE & B —
HY 5. BONEIBEOLEMEE EGbE D &, RERITKED AEOL LRETH Y,
HERGRFE TR L ORI A KB L7 b D Th D L Sh 5.

AEEARDEN LI BREHEE BN ERE THL L L, ZOREINHIEFTIN
A EROFEENESTEZONDL, VI H A RO EREITE @S EARA TRI% 71
ICPER URFC 72D CFIL, 1992) ZEhh, REAROBRELITZ—H LAV, Likio
T, REARIT, KRMEOEMED ABOL LHE ChDARERENEEZLND. £O
BE, SAROWHEZ ST 5 BMNAEN, b FREMERREND.

ARERIZA DN 2B S FEM< X2 IBH T 2R, miRIcE LLIERT S
UL Fs KON, AR SF 2R 000, B ISIR o TEALH M~ ET HIMUZER & vo T
L, Ay R B0 EREICBNWTHETHDL Z LR HMBNATWD (Meylan, 1987) .
AN BT MU DR ER AL, BAEA YR UVBORTHEICL S TERNS S.
Bl X =R A v R (Pelodiscus sinensis) O LW TlxdHEVHELRVN, 4 F
VA A ARy (Amyda cartilaginea) O EiE TIX, AEAR L FHFICHFICREL T
W5,

AREEARTITEN, EAEHE L LIS REWBRH D03, =K Ay R (Pelodiscus
sinensis) °A ¥ KA A A v RY (Admyda cartilaginea) L W9 2% Z LT, KB D
PR HEMI T & % (Figure4-4-3) . EMLE ORI E B L OTRICE S &, B L Z O
i N ACR IR =T 2 4MAIZE L+ K ORI ZE S OB &2 1 e L 7. PNARIZE RS 132 #% 7~
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M- TR FET D DITKR LT, SMUZEEITE SO A EATICRET D, £
SMUIZERL L, BRI RV THEICI 5 X D IS T M~ REDS RSN TS, 2
B Eis oA AN, A EEEAL &R 2 R e R oS L S du, AT
FEORIE LTELAWVWSEN D2 (Meylan, 1987; (L, 1992) , AHEATIXAMIE
PEFLITE AL O RBIZ L MER T E v REH A E o0 L7z LiE OHEE K134 125 mm
Thd. BERAYRIBEBEZICTLL, BHROERRITN 45 cm, B L2 EZORAER
DRI 60~70 cm ([ZET D5 RO A vy R oo tESIND.

HBE: AEARL, POTHEHOLEFRBE CTHL LBFAEIN TN, TOERFRE L
TUTO 320 5. OEN GO IZ 3 THEMRE 2N ER L, £ OWNEICHE
BN FET LT, FONBICKRERZBAADHDNO X IICH XD, QNN & i
PO R LD, HHEB X OMUZER, NMZEE, MU EBELAS VTR KL T
5. @bk 2 SofRE LT, REHEOFEFBFICHENEEL TV,

Plate 24B

BEARE S INM-4-16738, TNrd LM EHA KB LK TH 5.

EEMH: KR OBt

EHERE: IIeEEE e ==y M I3 THEroHE RSN, ZORETTH~—X
F)eFT7TUlEThHDEHESN TS (Masukawa and Ando, 2018) .

FHAME: BRORETRE 60 mm, HARAELAR 126 mm, JEE 13 mm.

B AT ZIIZIE AT C, MimB X O%mE I A 2. WHEIZ SRRk

REHADRKEEL, BHEITRD DR, RS — 03, BWVICERT HIEE TR

RODHVENHEEREZ 2L TEY, NERIEA OV, BEMIEICIZE 33 mm O R

) FEVAVAN 173 i Nav S A T N RO

g EHRmEICH DR EWVIROREEL NS D Z L, BIENFRD b 2 & (Nakajima
etal,2017) 75, Ay RUBOH A TH D LEFE L. FithiiO#ERIMIEIEFEITT
B, EAEIZIIMEICHEYS T 2BER RN Z PR TH D LW TE D

(Figure 4-4-4C) .

=113

TIVTOHBADA Y RVFOERIZALND LA NS — 2 & LT, Danilov et al.
(2014) 1T LD &, “BWCERT 2 HOBEREORR D 2 W M BIRO A % a4 2 A
7 A (e.g. ‘Trionyx’ riabinini) ” &, “H\MIEERE L2 WIEIA OFEC/NE N A & 709 ¥

A 7' B (e.g. ‘Trionyx’ kansaiensis) "3HE SN TWD N, RIEROANLIED HIZ L4
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WL,

KA ZNZHONT, BAERAYRCBOD AFESEIZT DL, #itcE2 60mm TH D
REROMEEIL, BKRKFENRK 60cm TholztHESh, £RMOHE (EHEE
) 13K 80 em IZET HIFEDOKRAEKRTH T L HEESIND.

Plate 25A

BEAR: R B SRR R R B, AR o0 3R 0 5 5

EEHIH: KR Oz B 2 il

EHE: MENEEH HAE == b I3 TEAOERE L. OB FHB~—2 b
VeF7UBETHL EHEIN TS (Masukawa and Ando, 2018) .

BHAME: EARKE 34, 177, JES mm

FEE: AR, OB LIEREREEOKRT, VAHOERbATHL LR END.
BRI ITHOBREVIROANFEEL TV D, RIERS R 6T, ik OfEmA 72
VN JEARINTENS B E O MBS Ay 8 L S, TR BRI T~ FE T D .

HEg: R ICHOEEVROEL N EELTBY, SOICHBIENSR LRV &K
e DREGHENRNZ LD, AyRCVBHIZFAESNS. 2EKOIRN G, .M o
SRR TH D LIk =D (Figure 4-4-4A) .

Plate 25B

AR INM-4-15695, HiG3 X ONEMEA KRB LIH R E 8k Tchd. HE I 2 —
VT Lo — 7 KR A RIEMEE R FTERL TR Y, EMFEARTHDS.

EHH: KB O=bhhhioia X EH L.

EHE: tazad A TWiEalTMEs SDKEeomETHY, MESNZESRE 2~4 mm
DFMEEN AT DN H 5. SHORMOEL LV, WERERESE = N I3 T
HICHET DA REEAEVWEELLND.

BHAME: AR KR 34 mm, 1§ 77 mm, J£X 10 mm

E: AR, OB LERERBEORT, I AHEOERILATHD LB END.
HMEICHWEBEREVROLA N HEZEL TWD. BRIES R oS, &R E ORSm
V. RIS ) E O REEER LR B AR .

g WA ICHWEEWIROZAAEEL TEY, SHICHRIENRLONRN D LK
e DREGHENRNZ Lnn, AyRCVBHIZAESNS. 2EOBIRNG, Homielk
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FEKHTHD LW NS (Figure 4-4-4D) . RE LMW EBH D EBET D L, KiE
RKOFikEZAVR<Eb60mm U b EHEEIN, FSPIHB LS EEL WD

ERMAZD. Ele, HESHLO2ERERE, FREABOKREHETED L LK 80cm (2
L7 mTREME DS M.

Plate 25C

BEAEB: INM-4-16737, W R IR TH 5.

PEH M KR O B2 inih

FEHEHE: IEEEN AR ==y M Is3 Tl RSN, ZOBEXTH~—A
NI BEFTUHETHD EHESII TS (Masukawa and Ando, 2018) .

FEHME: AR AR S2mm, EARKKE 12 mm.

FEE: WM, INM-4-16738 & ROV BREVIRO R I L 08I E L, BESOE IR
D BRI N Z = F, HWICERT DRI TERO D 2 WERMEBRZ 2R LT
BY, NEEITHELILRD.

g HAEICHWERBEWROERRRA D H 2 Z &, BRETRD NN D, A
OIRVEDO A A TH D L [FE L7z (Nakajimaetal., 2017) . RE L D /% — 7% INM-
4-16738 L X< BITWH Z D, FA—Fb LTI X v R B TH D REM N
m. BRI O Bk KON AL O HERT O B RIS # 3 D ATk O HE A RFES N TE Y,
ZOREND HIMROFT T OWALER & Bl & D (Figure 4-4-4B) .
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BSE BE

KRBT, SATHFZEE X OABIE CRR LA EAN LB LR 2 ERICKSE, %I
AR TR TR ICR T 2@k aE (A%, EEEE, TV VoA xE, A vRy
M) OSEEMR LOEERIE, EAMMB UM AR LICONTERT 5.

5-1. Cretalamna J& ¥ A 38
5-1-1. 7EZANRXXY 2 U R LT Cretalamna BI1X 27 - 7=

AWFFE CHEZ EhE L= ELEO#EIE (Locality FS) 2251, 1968 FFic— T AEH 7L
AREREEBECHDL 7 X NAXXY =¥ (Futabasaurus suzukii) O2FEKLA L & HIC
87 ALL E D Cretalamna J& DWALL N2> TEY UNEIEH, 1970; Sato et al., 2006)
ZDFER D Cretalamna BRTT7 AEH U LAREREHEEZMAL-FH L LTHES
M TV % (Shimada etal., 2010) . L 7> L, Shimada etal. (2010) {28\ T, 24 5 @ Cretalamna
BALA WY “C. appendiculata” & L CRLifit S4L722%, Siversson et al., (2015) (2 £ %
& C. borealis 3 X O C. hattini (253 S 05 WREME SR S Tz,

AR T, 72 NARXXY o U2 FEROFEMNGEIN D C borealis ¥ X O C. hattini |2
WL T 25 (C. of. borealis, C. cf. hattini) DAbA7 O FE DS HERR S 41, Siversson et al., (2015)
OIEfEZXFTHENMEONTZ. &5, Lo 2 IS X T C cf. catoxodon O FEH M3
M CEREE HRER S 7=, L2 L, Shimadaetal. (2010) DX H T C. catoxodon \ZHLLT %
RO WX A B L2\ T2, C. catoxodon 1072 &b DT X NAXF Y 2 UKD
BICHEBR LA b D EHESND. C catoxodon DWEFAIL Cretalamna J& O H T b 12
MEWEBRTH D720, 72N AXF Y 20085 2 KA AERIIELY &, KV /hSk
MEAER L ERBREGRLE LTIz LHfESND.

5-1-2. BEEFED Cretalamna BRBZ H BVWFFICL o TEHFEL TV

1 IR o & TR T KA RS K OVIA By T 75 B RS 58 3 2 WO T R IR R A1
BT (=737 W) OBESERENS, C. aff. gertericorum 3 X O C. aff. deschutteri,
C. aff. catoxodon ® 3FHHED Cretalamna JBALA NN PEM L7z, 72, EERWD X HRART
RO B GE 2 WERE £ L AP E il (o =T VB OEE» D,
C. cf. borealis 35 £ O} C. cf. hattini, C. cf. catoxodon ® 3 F&¥H D Cretalamna JBALAT S FEH L
oo Itk y, AL (=77 MBIy b=T UH) odb KIS
BWT, Dl &b 3D Cretalamna BB IEAFEL TWI2 Z &R L& 72 o7z (Figure 5-
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1-1) .

ZIETIZ 3D Cretalamna J& S LPES D FHE, 7 7 ALMO THF a—n =72
BB b SN TEY, C appendiculata 3 X O C. gertericorum, C. deschutteri > 355E 3
% (Figure 5-1-1; Siversson et al., 2015) . Z# 6 3FEIXENZE I, C. appendiculata-species
group ¥ & Y C. borealis-species group, C. hattini-species group (ZJ& L TW5H. ZHiTxf L T,
WMERBHEERBEBIORE LB GILET S 3MILEILEL, C borealis-species group ¥ K
WY C. hattini-species group, <+ L CHLEF & T species group N EF S AL TW 72V C. aff,
catoxodon T 5.7 7V ADF a—m =7 VEBIOHARDa=T7 7 - =7
VIEIZEBWT, LET D 3D Cretalamna J& D FTIE T % species group (X E L ENER D &
WIHORTHBEL TS, 2T bbb, WOBREO R ZEHFED Cretalamna J& 7S H: A7
LTV Z E&mL, HROWHEIZE W THED Cretalamna J& D F 72 % 1 8k -0 Rk
Kz e Db ETRVWAITZIT > TWIZHREMENRIZ SN D .

5-1-3. Cretalamna J& D TN E N ORED £ B R

C. gertericorum 3 KO8 C. deschutteri 1%, ZNE TIZ7 7 2O FTEHFT 2 —n =7
BENDHE SN TNDDHRTH -7 (Siversson et al., 2015) . L2rL, ZHHIZHEBT S
fii (C. aff. gertericorum, C. aff. deschutteri) OCADBERBENOLRERLINTZZ LT, 2 b
D2EOERBEHN I —1 v NOBRLTILHR KIS MATWEZ L, $2, ZO4&
BRAATHa=7 o7 VI ECHEESND Z ENREBIND.

C. catoxodon 1%, ZNFETIZA—ARNT U THEEIHLOTEHE /) ~=T U Er L@ SN T
WHDIHTH > 7= (Siverssonetal.,2015) . LirL, AFIZHELT 55 (C. aff. catoxodon)
DRERELGEM L, R 2% (C. cf. catoxodon) NEIENGEH LZ. 22XV,
AREOEBFHD KA » FEOHR R L TIRKFEIC S AT Z &, KDL BRN
WM a=7 7 UMb WIERTY =7 VI ETIER SN D Z LR RBIND.

C. borealis 1%, ZNETIZI— v X LT AV IDOH L R=T VENLHE ST
HZOICM%Z, BAONIERBREREELRE (> =78 »ooEHNERHSL TV
(Siverssonetal.,2015) . AW LY, FIFHEN LIPS SHE (C. cf. borealis) DALAD
ELE» ORI

C. hattini 1%, THETIZAT AV IO BV b =T U E-TH I =7 NG
HEENTWL20IM%, BRORIEREEILE (Vo h=7 ) »ooEHMEMRIN
TU 7= (Siversson et al., 2015) . AWFFEIZ LV, FBEHENLELT 58 (C cf. hattini) O
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bR EIE» bR ST,

5-2. Carcharias J& ¥ A 38
5-2-1. C. gracilis P’ BERLRP O E K FHEC LML TV

KRB OT= BT O RFEPERICELT 2 MENEEHESE 2= N Is8 I[CHkT 5 L
HeE SN DEA D, Carcharias cf. gracilis DL AP EH L. 7o, EAE==> I Is3
TED 61X of. Carcharias sp. DAL A NEH L T-.

C. gracilis DX A TIERIZIA T = —F » OBEFHFH I D Scapanorhynchus gracilis & L T
Rl 722 (Davis, 1890) , Siverson (1995) (2K > TA A Y =W AR D Carcharias J&1Z
HoE I, 4, REICHEET 21t (Carcharias aff. gracilis) 733 — 1 v 3O LA
R~V —ARNIETFTUBEPLLHREIN TS Z &5 (Cappetta and Corral, 1999;
Adolfssen and Ward, 2014) , A AT ALKO K EAAER A A ZIENT-FED 1 > THDHLE
Z 53 TW5 (Adolfssen and Ward, 2014) . ZHFE TOMFIETIL, C. gracilis D FE H IR 1T
-1y NICREIN TV, RFEICLY, REEBHEASEICHETIEROND
a1 72 B Carcharias of. gracilis DPEL PR SN2, ZHIC XY, AFERZY AL
PEREFEIC B AR L TV Z &R E L/ (Figure 5-1-2) .

HEi AR O REMIEIC L > TEERIZED LS RENMNH S T-ODMEET 5720121,
v— ANV EFTUBBLOEE ZRESROEMN A Z KT ILERS S, DRI
BWTC, EREHESE (v— A MY e F T U8 26 FEH L7z Carcharias cf. gracilis O
EAIFHEFICERERERIE TH D, LA KEVE & FARICAETE K EEICB W TS C gracilis
25 AL R O R AR A A2 EIE OV O DRGEET 2 720121, BEFTH O ¥ A F kA O FH AN
SHROMPETH 5.

5-2-2. B ABWALICBIT B Carcharias BOER VP OX ¥ vy IRED N

INET, BHEOBHHERN DD Carcharias J&DPEHFTEITZ L, THAHERZAALIT
» P& (Carcharias sp.; THEE1ED,2008) 726 DMENHE—ThH 7. T D=, IREEEEE
MNHEEM LT Carcharias JBHL AL, BARAD EEAERNSOARBOEH L L THIFET
HDH. ZhICXY, EEEEBRICBEOD TEIAELICHFELZABOERL VDX Y
v TR b,

—F T, MUAFT =W ABIZHTET D Odontaspis JEDALAIZINL OO ENDH Y,
INETFEAMRT 7F7 B (Odontaspis sp. ; AR A{LAWIE 7 NV —7,1977) ,
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AR E ) ~=7 W (Odontaspis sp.; TERY AMeaWsE 7 Vv —7,1977) , 2 =7
7 B (Odontaspis sp. ; 246, 1991; LB « $5K,1995) , o h=T VHE~H =7
VB (Odontaspis cf. complanate ; Yabe, 1902) , B /N=7 VE~~—ZA NJ b F T
(Odontaspis  (?) sp.; WA « [lifh, 1979) NH@HEINLTWDH. 272 L, 1960 FRIT
Carcharias J&7)5 Odontaspis J&D > /) =2 & I3 (White, 1961 ; ICZN 1965) , 1980 FX %% -
272> CTHOm BN ERE & Sz (Compagno and Follet, 1986 ; ICZN 1987) #&i&3 & 5
7o, ZORH (1960 4-~1990 ) ([ZHE S 4L72 Odontaspis JBALAIZ DWW TIEBAET
I% Carcharias JB L SNDHXELONEFENTWALA[EEENH 5. LEFLIZZE T RO Hil
R B EEH LT Odontaspis J& D#MEITWT LS ZORMIZR SN, 5% R 21T
IMEMEND D

5-3. Squalicorax J& Y * ¥H
5-3-1. RPEBEHEMARBHICKBETIERLLT

RIWROT BT ORFEERCEN T 2 MENEEHEEGE 2= b Is3 225, cf
Squalicorax sp. DAL A3 FEH L 7=

HAD B EH LTz Squalicorax JEMLA OFEskIZ 72 <, i E CTITILEE iR 5 JE it
(B /) ~=T vi~Fa—n=7 W) 15 Squalicorax sp. (%, 1994) , &N IE
EREERE (=T 7 M) 5 S falcatus (EB < 85K, 1995) , REARRR O ERE (Y
v h=T M) S Squalicorax falcatus ¥ KOV Squalicorax sp.  (Kitamura, 2019) , 4%
BofRER (E#H =T B) 5 Squalicoraxsp. (Uyenoetal., 1981) , = L T
KW OFIRERE (v —A NV B F T M) 205 S cf. falcatus, S. cf. kaupi, S. cf. pristodontus
(BARIE D, 2000,2001) B#HHESNTND.

ARBFZEIC LV, RIRIEOISFRB RS of. Squalicorax sp. D WAL A NER Sz Z & T,
Squalicorax JE3VEFE H ARWNH OF1 SR @ #E & HAL A RO IENEEHEIC BV TIE T 5 ¥ A
DEFRTHD I ENRBRINTe. ZE T, MENEERE & FRE R0 TIIMERALE,
HEREME, HERED- A 2L, SHICT UEFA MNER DA OEEI SRR S TE R
(e.g. HH,1970; 2%, 2006) , V" AMHO LI 2@k AEHEICB N TH BT 2 EHEN R
Hahi.

5-3-2. Carcharias J& & Squalicorax J& D3 FE

IREEREREE S B ICEB W T, of Squalicorax sp.7s Carcharias cf. gracilis 3 X OV cf.
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Carchariassp. L LFET H Z EBNHERINTZ. TNETHARD LEEIEZED G Carcharias J&
& Squalicorax J& D HEFEIZFN BT WMo T2y, RIFTRIZ X - T, R A A0 AL K
FEICBWT IS 2FEORMOREMEY AN LEFEL TV Z LR RENT.
Carcharias J& DBUV/ER C. taurus 1T EITWF B ZHET 2 L s (fh4, 2016) , H
T LHIRRED R AR C. gracilis b EE AL ERfRExt g L Lzl grEiTmvy. — 45T,
Squalicorax JBIZFEW 2 FFHOZ &0, REDBBB LIcERALNDL Z L, T F UL ZEHO
BICBEWVIAALTEHRILANEN T2 80, WMAERREREZHELTWEEEXL
L TW5% (Beecker and Chamberlain, 2012) . JRERJERE ) & 4L PE L 72 cof. Squalicorax sp. ¥

& WY Carcharias cf. gracilis 13, OB SNDIFIZL > THEL T AR ZEZ DND.

5-4. Johnlongia J&
5-4-1. Johnlongia J& D 4 B BE X

KPR OT= DR i RFEFERICEL T 5 MEEEHESE 2= >  Is6 205, cf.
Johnlongia sp. DAL AT DNPEH L 7.

Johnlongia J&I\ZFTIE T 2F & LTI, J. allocotodon Siverson, 1996 & J. parvidens (Cappetta,
1973)D 2 FE R LN TW5 . J allocotodon 134 — A ~Z U7 (Siverson, 1996) ¥ LT A
U 77 (Shimadaetal.,2004) , @< 7 (Shimadaetal.,2015) Ot/ ~=7 U BELrbWMEIN
TWDIED, b EDOY > F =7 UENS D HE SN TWD (110, 2019) . J. parvidens
X, ¥ FEZD® /) ~=7 2 (Cooketal,2008) , TAU BhDFa—ua=T  |Ei~a=7
7 B (Wolberg, 1985; Cicimurri, 2001, 2004; Cappetta, 1973,2012) 22 b STV 5.
S 512, Johnlongia BAERTEMIL, #—AMTFZ VU TOTNLVET B (Siverson, 1996) , 7 A
UHda=77 M (Shimadaetal., 2004) , /X —DH 2 k=7 [ (Cappetta, 2012)
NHMEINTND., ZhbrxElHd L, Johnlongia BOFEML L T AL ET UBED
LY =T U BEETTHD.

KRN L0, of. Johnlongia sp. DAt A N IREEBREEN HFEH L7 2 & T, KIBOMEH L
PUDBAIMMy—A NI EFT W E TR SN D AR R S L7 (Figure 5-1-3) .

5-5. BRIBERED Y A

5-5-1. BRETEIERE O Y A B O LBk

RIRR O T B O K FEEERICE LT 2 BERBEHESE» S, W23 2 ik
S BAEHLE. 2Bz onT, BENAFHOENHLF AKO—F (A, B, C)
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ELTHBILE. P ARDO—FEABLR B X, A XIFABERLIEFT W77 AHICRET
LAMREMERNE V. B ARO—FEC 1L, FAIFABERLEIAHW I IV AR, v xa¥AH T
&5 AREME N <, Carcharias J&¥ X O Squalicorax J{DOWT Lt L 8 7p%. Lo,
L% LIREEBROMEZMET 22T, IV ZHEEOF ABLANERT S Z L8
rEns.

56. RV a7 4 VAR ERER
5-6-1. LERFECBITEZ2RY a7 4 VAR EREROABRR

R B o & T RART KRB A IR 58 9~ 2 EE T8 i IR AT T R R S ok 9
HEWMESNDIEAND, N a7 VAREREHOSAB(LANELH L. Zhick
O, a=7 7 ORI REECR) a7 4 VAR ERERAMER LTI L5
YRR Al

IHNET, HRIZBIFL2RY a7 AR ERERICAOEHITIZENrLI#RESH
TELT, WTFh bALHEE I M T 2RREHICR STV S (Satoetal.,,2018) . UMUT
MV 19965 i, ALl /N FEHTIC #2 3 2 MR 56 & BF ("Middle Yezo Group™; Sato and Storrs, 2000)
MOEHLERY a7 o VAR REHEOHSEK THY, EHEEIX LHE  ~=7
BECcdH 5 (P, 1995; Sato and Storrs, 2000) . HMG-1079 (%, AtifEiE =4 o A& 511
WMOEANOEHLIZRY) a7 4 VAR EREHOMEE, MRS, Rk, MEFTh
D, IREEHE=SE Tc MEHDVIZZO EEH~TH (Lt / ~=7 v~ THTF 22—
B=7 U ICHRT S EHEES TV D (BHTA - B, 2005) . HMG-357 1%, dbifiE
INERT O /NEEENFIR OGN HEHR LR ) a7 4 VARG EEEOHS, 85, MK
B, AFBECTHY, WEEHEAE Mm-o 2=y b (T~ EEHFa—a=7 ) (ZH
KD EHEE STV D (Sato etal, 2018) . SMAC 2872 1%, Jb¥fgiE /N FERTEEA it &0
RNARFTOEGANHEHR LAY a7 s VAREREEOLME, K7, fig by, “Ff
MBRERE (T 2—m =7 U~ THY > P =T V) [ChkT s eHfEEShTY
% (HJFIEA,2012) . HMG 1067 1%, Aty =S h o &R OBmEANHFEL L7zAR Y 2
TANABREREBEOE LMo EKTHY, EHBIZIAH THD (Sato etal., 2012) .
ZOE, KV a7 4 VAR E REEO ARETED & D WA A R AR 93 R 5 RSO
BE, FIRBEREEDOHE I TS (Table 5-2-1) . HMG 355 1%, Ab#giEde 2> ITRER] 0 iR
RKEHE (o =T VB MOEHLEEEHK THL (B, 2005) . IMCF temporary
number 2871 1%, @R WO EHONERFREEELE (o b=7 ) NOERLEEET
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&% (Satoetal,2012) . IMCF temporary number 2477 1%, & &R\ b & i o BIEEREE IR
J& (=77 B hoEHLZETH S (FEE o BB FE A AE, 1990) .
KGU uncatalogued specimen (X, F/IIERE LN OHOFIRERE (H =7 VM) O REH
LEEREEECTHD (B - fh4,2010) . B2\ T, Satoetal. (2012)1FxAK U =27 4 /v
ARICEHU T 2B 2RO T2 H00, (kA OREBKAN TS 572D ICHEIX
Polycotididae? {2 & T\ 5.

INHEFEDDE, HRIZBITDZRY a7 4 VAREREHOMHEIbATEERIE, 2
NETLEHE ) ~=T VP EFa—u=7  EETThHo7=. LnL, KBFRICE
ST, EEREEICBNTRY a7 A VAR EREEN =7 T VBRI AER LT
W Z e R S 7o (Figure 5-2-1) .

5-6-2. LR FEICIRENRZRY a7 A VAERER LTV
AFRETHETDRREBEOR) a7 4 VAREREHEOAAIL, BAEORY a7 4
NABREREHE LT, HLOTOBABIATHD. ARIBOBBITIE, MH~KEL
FELTLH = AEORNE N Mo > TDd (Plate20) . ZHUEAY 27 4 VAROHTYH
IRERZRARY 27 ¢ L A8 EL (Polycotylinae) (ZJ& 7 5 Eopolycotylus J&, Polycotylus J&,
Dolichorhynchops JBI\Z R LN D CTH 5 (Figure4-2-1C) . ZHIC kv, a=7 7
DALV R FFEIC S, IRAEMRFRY 2T A VA THDHRY a7 0 L ATER R LTz
TENRBEND.

57. ABERECHRES
5-7-1. WEBHICBI2HEHOERERILA

A8 05 W IS B T P AR B (Locality F1) (288 HY 9 2 WEE g B & IR g KA IE T 358 O A K
BHEEICHRT 2 L HESNLIEAND, BREHEOEBS IUOHEERLANER L. Z
NECTHERBBENPOELRLEEEEHEIELAOFT TRLBEWVWEENLNSHEH L 01, BR
JERINEIEHRE N GEH L-l{b A Th o7y (K, 1992) , AERIZZRLEIDV S B
WIRWEENLDEHTH S.

KRINEE TEHOFERIT, ToETA FPA /BT LAREDIKAIZLY 2 =TT
T H L WTa =T T URIITH D EHEE S TWD  (ZEIE, 1995, Ft, 2002) .
AARIZBWTa=7 7 VP ENLEREEIAIIIEEICERR DR, ANRd
DIENY TH D728 (Table 5-2-1; LA IEH, 2006; BEATA, 2010) , AFEA A 72 5 H
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WMTHD.

5-7-2. RAJIMBER TH »OEH L-EREROALRRE

BEPRUZ 58 3 2 KA IE 5 T3 o A KB S 81X 2 i iE 0y (1995) (2 KD Lk~

B O RFEY EHEE Sl Y, ZhE TICRAYESE (Ohashietal,, 2015) , F oy a7
U AR A #A (Tokunaga and Shimizu, 1926) 72 & O A OFEHEB ML A DHE I N TN D,
ZDO—FT, WEOEHEMLAIL, Cretalamna J&72 & OV AHH (HHEIE),2018) DFHT
b2, ZORD, KFRTHRET LW LM LAOEREBEOERRENECH 2
D, FRE B~ FEKRTH - To X, BRI THL NI TERY,

RN ER L-E EEEAE, 2 E Tlz 3 —1a v o3 (e. g. Andrews, 1922),
bk (e. g. Sato, et al., 2005; Campbell et al., 2021) , F[E (e. g. Gao et al., 2019; Zhang et al.,
2020) , A&7 =7 (e.g. Bartholomai 1966) DY =27 ZA~HIERNOLHME SN TWVD.

5-7-3. Tokunaga and Shimizu (1926) CEE#EH I iz “REE” {bF L OB

BARIZEZ T D RANRE iR T (2 =7 27 UBE) O A JK'E MESEJE ) 5 1%, Tokunaga
and Shimizu (1926) (2 & > T 1 SO WAL A 2 Ichthyosaurus” sp. & L CT#HAE ST % (Plate
221) . Z ORISR AN A D MR O T, o & S 25 mm, RO B O BRI
10mm TH Y, EHRA TR LARWSERN 20 KLU B L. 72, YHNTHERMNFEL
ey, WRFEFICRIB LT & &5 (Tokunaga and Shimizu, 1926) .

BAEDOME T, EHITt/ ~=7 VHRICHERLEZLEZONA TS (e g
Fischer et al., 2016) , =7 Y7 VBENLEH L2 ZOFEARIZHOWT, SEEFERFT S
BN H D, L, ZOERITHERRAEERBIZLS>STHEALTLES TS (NEIX
7>,1970) , PEARZEHERIET D Z S IXAAEETH Y, Tokunaga and Shimizu (1926) D [X
L ORER 2 BIRETT 21E 20720, Bardet (1992) X Z OEARITE L L TV AT VL AR E
EHEBOWEZ T LR LTEY, HOBRBIVOKREE, FHROFENOLZZTTEIX
72\ (Madzia, 2016; Mccurry etal., 2019) . U AP 7 A ZARHET = —o =7 VLI IS
2720 IR LTz Ay (Madzia and Cau, 2020) , = — 1 w730 Seaford Chalk Formation (T
Ha=T7 T RE~FEHY S =T UE) b T A Y UL AEE LN D WA DR
HINTWD (Madzia, 2016) . L7228 T, BUEFIH AT RE 2 1F #ICE -5 < &, Tokunaga and
Shimizu (1926) A t#k L 7= “Ichthyosaurus” sp. O Wit AlL, 7 U A UL AR ERE&EED
LD ST EBEXDLONRLELIELHBIEND.
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AMFFETlX, Tokunaga and Shimizu (1926) 23 ti{b A& WA LR —J@¥EN DL, By
R&EBEOEIA %W LT (Plate22A-H) . Z OREAIZEHREZ0H 2 2 M#EFOE T, #ii
BLOWROMEHA KB LTS, RESNTWDHED S S 16 mm, B e O H 5 O -
BIZT8mm THY, 20 RFREDFKMMN A E D HILD L TlX, Tokunaga and Shimizu (1926)
ML Lot lba s Bl +5. 20—57T, FMBPTTAENRY, RXLZY&Ehz) L
TWDHECTHMICE R D HMERS. 20, JIEOEREHOETHLEEZLRD.
Lo T, a=T7 7 yHodb iR, Ph<Eb 2@EU EoEREENERL
TV EBRRBIND.

57-4. ZEZNRAXF Y 20 LHIZ/NRES L IRBEBAOREEENIILFEL TV

i I BV D T ORACET R AT 88 3 2 DO g B L ARG e s (R o
=7 UB) OWEEND, BREEORMEOMHEMRIANEL L7z, FREBEIZHBV T 1968
FAIZH AL INT 7 X NAXX Y 2 (Futabasaurus suzukii) O 25 F AL A2 3 T #E
T X THi> TV D728 (Satoetal.,2006) , v & IEH T HMEKD 5 REEICH KT
DLW SND.

THENAZXXY 2 U OfRHEIIHEAR O R &5 65~80 mm, & 23 73~90 mm, M52 100~
112 mm T&® % (Sato et al., 2006) DIZxt LT, ABFZECTHE T 2 AHEIZHEAKR D E &2 36
mm, 3742 mm, #2261l mm THY, FHREORTSTHL. hSWHAL LT,
TEANAZXAXY 20 L0 /OB TH D2, b L < IXFRBORBAE L TH 5 ATREME:
MEZDLND., ZHICEY, 722X %Y 2 NER L YREORIZIE, Lo/ o
POEREENERL TR, b LIEREOE EEORBRBEERZILEL Tz D
LR ENTZ.

5-8. “Fu b UL RB” 2H P UL RE
5-8-1. MAREICEHN L “v M UyARE” 940U A REOHEY MBS

R OT= B 72 D O KEPERFT AT T 2 BB EEERED D, 2 #.0 Plotosaurus 3T EUE O
RHAL A2 ER L7z, INM-4-17694 (%, FHEE == > ; HI3 O34 2 #im TR S iz
RAEOEARNOEN LITEHETH L2, ZOENEEIIHEE CE LWz, B
VR=T UE~TEY—A M EF T URE LTHEL. INM-4-17907 1%, BEAE==> b
I3 oM FHEHETHY, EHEEITH~~—A NI EFT7 U BETHD

(Masukawa and Ando, 2018) .
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Plotosaurus J&1%, ZHE TIUKFEMERFO FH~—Z MU e F7 O L~ Eif~—X
FIETFT VO THNLDRMLATWD (Figure 5-3-1) . £ ®dD 72, Camp (1942) <
Russelletal. (1967) 1%, ZORNIKDOEAEFE TH H Z & 22 L TW iz, /MNEI1ED (1972)
TR ERE S B FEH L2 B (NSM-PV15003) % Plotosaurus J& ? & Gl L7=7%,
Caldwell et al. (2007) X Z OFEAR % Russellosaurina ([ZFF53%H L72. Frey etal. (2016) X5
Vhgox) 2 FEo Lif~—A NI eFT7 U bEN LE FTHEEI/A (Q3105) %
Plotosaurus T L& & it L7223, Jiménez-Huidobro et al. (2019) (X Z OIEAR % Halisaurus
sp. L HRIE L. IZEA LD T 7L 2T EWAEOHFICAER L T 5 A (Russell 1988;
Bardet and Pereda Suberbiola 1996; Kiernan, 2002; Harrel Jr and Pérez-Huerta, 2015) ,
Plotosaurus J& DAL ALED AN DO X IICMONATWND Z LE2HHAT DI,
Lindgren et al. (2007, 2011) % Plotosaurus J& 23R 0> B EEN 72 W & B 55 & I A 72D Tl 7z
W ERIBEL TS,

AWFFETIX, MBERREHEN D PEL LTz 2 ROEY Y v 2O BHEALA DS Plotosaurus J&
D FRME & RIS MR 2N & & 2 #EG8 L, Plotosaurus B L L CRRE L7-. 2D,
EEICRHL LT 1 M oL 2B oY gL 2SR REFEICAR L T2 &
EZRTHIOTORINTHD. 20 LiX, “Fa b o 2B 4470 2R, ThE
TEZLNTWEED BIAWVEFAIZOMA L TW2Z &2 RB LTS (e g, Camp, 1942;
Russell etal. 1967) . AR ET4 g (2 S B R MU IS HERS U 72 & 3 2 HERE MR ARAT O SR (Masuda
and Katsura, 1978; Katsura and Masuda, 1978) (%, Plotosaurus J&3 & OBREIZA LR L TV
EWVIOELE FIE LR, & 512, INM-4-17907 N EREO T bEH SN ETh
I, 7 v Y O ZREY S TR DR ORERIIH =T RIS Z LT D

5-8-2. AEEACRICE T 2T RKEHERDE Y UL 2R EB ORI

INETHARTIH, SOHUEOET T IR ARREINTEY, 0% < X4t E
DORFIEREL A ARAOFIRER CTRALIN TV (Figure 5-3-2; Table 5-3-1) . ZHE T
AARDOAMZENSEN LTS U 2ME O E R 2 IA1X, X T Mosasaurus J& &
FESNTERL. LhrL, KFFFETHET D 2 MOEARIL, Mosasaurus J& TlX72\ T W4
TAAEROGEE LTI, BATHD TORETHH. WHEEH TlX, Mosasaurus
hobetsuensis 73~ —A h U b F 7 R TR HRtd S v (85K, 1985) , M. prismaticus 7
EEH R =T VE~TH A N ETFT UM HE IR TS (B, 1999) . FiR
BEECIE, ~— ANV eFTUBENDL Mosasaurus sp.& L TN DNOIERDBRE SN T
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WA (BAIED, 1994, 2004; Tanimoto, 2005).

ETE RSB T DV 7 RO RFZE R ) 72 554 73 % — 12T, Sato et al.
(2012) XL TFO XSt dTWD. Qa=7v 7 ¥~V b=T7 8ok, =4y
VAR OFREIT RN, Ty AV TV REITAR L. @O =T U HICiE, Ty
ATV REBBAOT LT, BV UAREBREHKIL L. @v—A MY EFT
YHNCIE, 7oAV UL REMNEIRL, T UL RAEBIN & HICERL LT Ak
KL

SEIOEARZ, EVHUALREROEY LR, ALK FEED KEDN LB X
DIRWE~EH L, L L2 82" L TW0D. Zhid Sato et al.  (2012) d v F U A
EXFETDH T, EFYUAREBOSHKEMTIERZ LN TV bt ATV Z
LHRRLTWVD. ZO X REHIT, IMNEZDRINTKH T D 72O @ EICRRIE S L
7o, XA TEE N EE Z 5D (Motanietal., 2002) . & 512,
HEAR DEAZE 72 MG IS K> TREOZREN A b, REMDOM LE TR LF—HROE
VK A X A VICEBR LT & B 2 515 (Lindgren et al., 2011) .

59. Ay RUBH A
59-1. EARFR 60em ICELAZKRER y RUVERET PTICHM LTV

RIRROT= B2 T O K FEPERICH AT 5 MENEBREGEN S, Ay RURD 2O
it 4 e BB ba 1A ER Lz, 2 bI3iEaICHk L7z 148 (INM-4-15695)
ERNT, TRTHRBEERBREGE Is3 THOMBEIRE VS GREH Lz, INM-4-
15695 % & ATVt 3K A 2 B4 2 MBHE C v iba T, MBS 7o sk b a2
AN LG, hofea & ABRICHEEGE Is3 THICA LN DWW A DOERE) G PEH
LEbolfiEsns. £, WTFROMBRICE W TYH, RlOEAITEWICHER T 5 I8
IRCEIRODDVERMBEREZZR L TWDHRE, MEERALIRVEAEBEL TS Z
Eb, TNHDRAy R AIEIR b LITE&EDO A v RO a Th 5 nlEe
PEAS R VY.

IEEERENOEHR LAy R CBIE, R RKFESKN 60cm ICELZEHESND. €
HHTH DI ABOERY A XL, Ay A BEICRS T, R HE EH I KRB L
RLFUVMEM IS D (Turtle Taxonomy Working Group, 2017) . Afad A » R U Fflbaix, b
B B & ORI R O TIEH 528, RERIICIEE L O A 2 AL FEO 2 v R
FUCICHCT D8 A X2 o - ATREME DS R S hT-.
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CTHNETHAOABERPSEH LA vy RUBD AHLA L LT, BIFEROFRER I
K, @R OBEMERT AR, REARROEME RIS X O ETIH R, 1 EE R o RJE i
T, BRSROERBHSIVCEFROAZBEHEINENG, Ay R CBBHERED
fEaNME S TWD (F1L, 1998, 2006a, 2006b, 2014; Hirayama et al., 2012; Hg# I,
2013; FEAR, 2014; /NMRIED>, 2014; Nakajima et al., 2017) . ZHHOH T, IFEERE» D
PEH LT Ay ROB A AHITFRICKRUTH Y, AARAODHBERNOEH LAy R L L
THRAFENZD.

2y R CVBIEBRHIAELRICBNTT YT N6db T AU BT TR 34 LTV en

(Figure 5-1-5) , HEMN 50ecm #8225 X 5 2 KMA v RV EHOBEFIFZL 2L, v
T TZAZ DY =T VBE—TEH I =T U BEN B FE LT Trionyx” riabinini

(KHE 50cm) , XX AL DTV h=T N DL PE LT kansaiensis (B K
HE 75e¢m) , k7 AV IOH o R_R=T vlE—~—A MV e F 7 UWENBREE LT Axestemys
splendida (Fx K 69 cm) XA BN TWDH DA TH S (Vitek, 2012; Vitek and Danilov, 2010,
2014) . ABFZEIC LY, v—ZA MY F7 RO AVE R RIS KO 2 v R R
ARLTWEZERHLNE RS T,
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HoE WMEE

REFFETIE, BYAHELORKIFHREEOLEBICHT 2HMEED D Z L HIWE LT,
RPN T DIEEERE (I =T Ui~~—ZA P eF7 B BILUOREERIC
DT HMEERE (2 =T T U~ =T ) LB TH A D0RES IO
MAEADORELFERL, ZhoOFHEBMIEAIC OV TRBEEIT>72. TOMRNS,
B AEALOITE R FHEICB T D mREEE (A, sR&EH, SV VUL 2E, Xy
KU OEREMER JOHERG, ABHHMB L OSMITONTEEL, U TFOHi%m
AR,

6-1. A%

=TT O K EEICBWT, Dt 3 D Cretalamna J& (C. aff.
gertericorum 3 X O C. aff. deschutteri, C. aff. catoxodon) NILfF L CW\Wi=. /=, b=
T MO K EEIC BT, 27 L 3D Cretalamna J& (C. cf. borealis 3 XUt C.
cf. hattini, C. cf. catoxodon) NHAFL TCWie. o h=7 VHIIZERLZ3ED S 6, C cf
borealis ¥ X OV C. cf. hattini ® 2 FRIZKRAOWARRBE TCHL 7 X NAXFY 27
(Futabasaurus suzukii) ORH OB O WA EH L (e g Sato etal., 2006) , &
DO—ERILFICEVVIAAL TV (Shimadaetal., 2010) Z &5, KB OWRANRHEHEZ R L
TWEZEBHEETHD. TDO—FT, C cf catoxodon [ZOWTIL, 7HNAZXXY 2 v
DA E B O B> 5 IXPE D3RR ST, BCEADY Cretalamna J& O W C b FRIC LR WK
ThoHI b, BZOLHBEABREZERFHELSZ L L CWEEHEZIND. F—D
HUEIZ I\ T 3 FIHD Cretalamna BN LPET 2 FH)1F, BREBLOCEILEDIE)N, 77
VAL DO TEHTF 2 —u =T UENLLHMEINTEY, FrET 5 species group 23 ENE
NRRDHIBETHLLVHIRTHELTND., ZhiETbb, HOREROR LR L EKE
D Cretalamna JEPHEFL TV Z 2R L, SREOWFEIZE W THEED Cretalamna J& )
BRLOWMAEMBOMERREL L2 2L TREVWFITEIT> TWEARBERRBRIND.
ARRKEFEICENTHIEARDO KEMBREZAEZILEO Y AHALLEZEZ LN TVD
Carcharias cf. gracilis 73, ~—A MU e F7 U HOIERKFEEC LA LTV, ZRET
DIFFETIE, C. gracilis DFERHITIE 3 — 1 o XIZRE STV, RIFERICE Y, HhE
BB ABICHET S ERONDEL 1D Carcharias cf. gracilis DFEH N HER S -
FALACR O KRB L > THEBRICED X I REMPRH > T ODRIET 2 72DIE, <
— ARV EFTUBEBIOEE SRERROEREO 2RI ILER DD, ZORICE
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W, IREEBREARE (vx—X NV eFT7 W) HEEM LT Carcharias cf. gracilis O
LA ITHEFICERERFERIFCTHS.

Y IR % i 2 Dt SR 7 Squalicorax J&7S, P B AN OF1RERE & LB A
OIWBNEEFEC B W THET 5 AHOER Th oo Z LN RSNT. THET, MENE
JERE L TR EREIC B W T IERINLE, HERAH, HERY A 27 1, SHICT UE S A MER
EOLA MR OEL N ERM SN TE N (e.g. M, 1970; Z2f#,2006) , Y AFED L H 7
BRI EEICBO T OB T 2EENDL - Z ENHBA L. 28, Squalicorax &1L 95 H
EROZ LR, REMMEHLEERAOND Z L, T UAREOFIZEVIAALHL
AVRERT DL LR ENG WARKER EEZHAEL TV EE X 6T 5 (Beecker and
Chamberlain, 2012) . —J T, %&ik L7 Carcharias JBIZ2OWTIE, BLAFE C. taurus 7 FIZ
WEREEZHET D (HA,2016) Z &G, HMUTHIHEOW % FD C. gracilis b HH
HrxEREMGE LoiiEiianeEzxonsd. ~v—A M) eF 7 o Hod0mE KEFE
B W THAE L TNz Squalicorax sp. 3 £ O Carcharias cf. gracilis 1%, W DO ~DIFIC
Lo THEELTWEHRBEREZEZOND.

ZIVE T Johnlongia BOERB L DI T A ET VNSO h=T UEETTHL EE
R HIVTE TN, cof Johnlongia sp. DAL A DIRENEJERE N OREH LI Z & T, RKROREH L
VUNHIMYy =AM e FT UM ETIHEE I ND ATREES R I T,

ZOED, BRENEERERE S E O W R A (A X O —FE A~C) BFEH L
lo. 20k, SHLIBEBHEORHELMET 22T, v—A MV eFT7 B
KFFEDOY AFHMMIZONT I HIZEZL DFRBHFBOND Z LR HIFFEND.

6-2. EREH

INET, BRICBTLZRY a7 4 VAR EREHOE» RMEARREIE, Lt/ ~=
TUBEND EHTF 2 =T UEETCThoT. L L, WERBHERENSOR) 27 4
NABEREBEOBOENEHLEZZ LT, a=7 7 VHLUBEOIE K EEICHLFRY 2
TANABRBEREEENMERL TCWEZ ERRINTZ. ZofkalE, BREORY a7 4
NABEREELE LTL, MO TOEHEATHD. S OZITICIE, MHF~K&E<
HELLE =AVOREHE™HL-oTEBY, K aFT 4 VARORTHIRENRARY a7
A NVAIHROREERT. LER->T, a=7 7 Mot K FEEC, IRERNRFRY 2
TANAETHLARY) aT AV AFEBRN ML TN ENRBIND.

KON @I TH (2 =7 7 M) H 51, Tokunaga and Shimizu (1926) (2 X - T 1 &
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OfbAa N “FFERE”  (PIchthyosaurus” sp.) & L TG S 7oy, HZEHIC X - THEAR
FHERALTLESTWD UNEIEN,1970) . BUEO R TIX, SMEBIIE  ~=7 VIR
WK L7 B2 b Tnbd 7 (e. g Fischer etal., 2016) , =77 UHENGREH L
T ZOERIZONWT, DHEEBFMRHNTLILEMNH S, Bardet (1992) 1L Z DEKRIZIBZE S
KTVAVIAAREREEOELE ST R L TRV, HOBRBLIOKRE S, FHRO
B 55 2 THFIEIXZ W (Madzia, 2016; Mccurry etal., 2019) . 7 U A% 7 VAR T T =
— =7 UL 1A 72 0 =k L T 228 (Madzia and Cau, 2020) , 2 — 12 w73 Seaford
Chalk Formation (F#i= =7 7 P~y h=7 ) o667 U A UL ZF L
FHHND WA NHE SN TS (Madzia, 2016) . L7243 T, BLEFFH Al f 7o 1 #ic K&
5< &, Tokunaga and Shimizu (1926) 23i# L7z “Ichthyosaurus” sp. OW{tA1X, 7'V 4
PONABREREBHOLDE ST EBIL20R Kb HESTE LWL, RFIETIT,
Tokunaga and Shimizu (1926) Wb A ZHE LZF—BENS, FilcgEEEOE LA
EWE L., ZOERIEREZMZ LM OR TH L0, MBIt Ay, RX Lk
DREINTZD LTV DA THIEICRRDHEER>. 2oy, JHEOEREEOE TH
HEEZBND. LTeRoT, a=T7 7 ol REEICE, < es 2 EM B
ODEEENERLTWEZZ ERRIBEND.

6-3. EF Y UL

Plotosaurus J&1%, ZHETILKEREFEDO FEH~—A M) EFT VO LB~ Ef~—2
NV BT T UBED TENO DR BTN, IENEREREN O ARBIIET 5D
NABHORMALA 2 AAEH L., Zhicky, BAELEE (1 =7 v #i~) «
—ARMVEeFT7 oMo TEKRFEEICSH, BEkOTDICRE Va&EIlElI T
“Plotosaurus %" TV U NV AFHNER L TWZZ ERPLNIRoT. 2, 1FEAL
DEVH T AFITENAEOWIZAEL L TV EEZ BN TV 52 (Russell 1988; Bardet
and Pereda Suberbiola 1996; Kiernan, 2002; Harrel Jr and Pérez-Huerta, 2015) , Plotosaurus J&
X FEPOBENT M ERBEZ AT O TIER NN EBE Z BTV 5 (Lindgren et al., 2007,
2011) . L7eno 7T, Y Uy ALREROEY Y v 2B, 00 KEE ISV TREED
DEfILE KR~ L, ZEE L2 L 2R LTS, Z iU Sato et al. (2012)
DYF VA EXRTDH—FHT, TV UALAHEBOLENIFNERE LN TWNZLY i
AWTWEZEZ/RLTND.
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6-4. Ay RUH

v —A MU EFT R OITE RIS, RRF RN 60 cm ITEE L LHEESH
HRBOR R AP ER L TWeZ ERH LN ER o7, REETH DU A FOERY A
RiE, A RBEICRS T, EE 2 HSIE C RIS KA LT WENCH D (Turtle
Taxonomy Working Group, 2017) . HEREERENOEL L7 2 v R UMEIE, EliE ks L0
SRR IR D B TS 523, RERMICIRBALO#EA T AHLFEO A v K U HHICPLET 5
KA X ThHotz.

Ay R VBEIFBHAELICB N TT V76T A U BT TIEL 04 LTV,
FEMN 50em 28 A2 L5 R KRRy RUVHOBRENITD 2, ZhETIIAFT7RLZ
OV h=T UBE— T R T VNS FE L T2 Trionyx” riabinini (Fx K K 50 cm) ,
BOXAB DTN b =T VDG E L2 T.” kansaiensis (KK 75cm) , b7 A
VDA N=T U E—~—A M) EFT BN DLIE LT Axestemys splendida (it KW &
69 cm) BHEHNTNDDHTH > 7= (Vitek, 2012; Vitek and Danilov, 2010, 2014) .

BIADZ v R BEIE, —RICHITRMEICHEE T 2KAEDCRBIHETH Y, {LAFED X
yRVEIZBWTYS, UIFABEHIIROLND KD RIERE LR OEBEERICE L
T VUG 72 & o i BE 2o A2 58 b O FEHL (Hirayama, 1998) 1R S TWwZAw. L, A
DF A VA R (Trionyx triunguis) & ~ v A v iR (Pelochelys cantorii) @ 2 &%, —
RFA I VIR~ K CHIEEN 35 2 L 3 BTV 5 (Taskavak et al. 1999, Corsini-Foka
and Masseti, 2008; Das, 2008; Turtle Taxonomy Working Group, 2017) . 7=, {LAFED
Ay WD, —EHOBUVERE & [FARIS, 0 ~ R R CIEE) L 72 ATEE RIS E T E RV,
B Z20%, #HAERDO KB A > K H Drazinderetes tethyensis 1%, 733 A% O MHHE O U Rk
B AL T RFENT 5 2 L BRI L T2 2 AR SN TV D (Headetal., 1999) .
7272 L, D. tethyensis 1THEFUT < (2B L TW T ER D K CHE~EHE S 7z vl aett b s
i SN THY (Georgalis and Joyce, 2017) , WEEJE GEMNT 5 X v RN Filba 04 BB
BHZOWTIE, I~ O~ RERO VTR Th o = MEEICHR S LERH .
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A

FIRK PP DL B EIRIIT, KRR PR FEBE I L& YRR W THES AR
Bed & LTt ofax 52 TnWiinwie., £, ARICET 228K T, HIZT
EPOBLIR RS R o7, ZZICE#TORETHD.

FRLAG FE R 5 ) B 28 S 00 S L R R 7 B UM A S R ST R A A B 00 T S
X, WABACOVWTE OFBERIEREBE LWV, £, BEERZAKRLH
Wy tE o 5 Rk m] 1 70 B QNS 2 ROE A K7 K AR SR Ak Ax v 7 ) —DEH
B LI, VYABEEAOWTEZLSOARREREDSTEVENWE. 51T, BTHS
TRFEFLEO P BRFEZRICIZ, FHEIBMOE S ZOHWOMMEEICEL T DA
WREHEE LTIV,

EREmEL (EERZE AL EMIEL EHER) , EFEEREELE KR A RiEY
A EF=E) , REFRER (Wbxiiak - bafE) , ol Btd £ (@5 R EY
#5) , BNl E (WbhEHTETA b A=), SARTHREK (ShARRE) ,
AR UEFH#HELZASR) 1C1E, WEBHOBHESILAIZOWTEL OFHRE -2 &,
{EAERDOBESCHEHMIBORHE L EICBE L THORWICEEEZM > TWeEWwWiz, £/,
ESLFB A O BRI, B E L, B RICIE, DUREEAR O T B
LTRWICZHEEZK > T eZniz.

EFEFE L (ARSCEWE) , ABAE L (B2 | & EbmFEt (5
HRF) , BN KEr5F=8 (EHTEAEARE) |, SBLFER, 81Xk, #rilmk
K, REEBK, REREK, FEE K, MAMER, ZLTIa—U7 A8— 27 KK
WA AR O 8 21, IRBEREREOPRA ST 2 nTe v,

KRR O I Hak R, IR ER, RA)IMEEBERICITIHE Y - SRimsE i
BWT, ARRdEmiW\WieiZnwic, RARFOIHBEERICIE, EBFOBNNL ZHhE%
WETEWie, S 61T, RWMRFOMES - HAHMTFE I OFAERR, WA m RSB
HoOEEME IICHET 2FAERKICIE, Rkx R2IEEHOP THRICET L0 Sb ORI
EHZTWEREWE., TR HETETAUMIL, KaXeE e lhHieh, kel
A RRBERHEm, THAznEnT.

UEDF 20 ZHELZWH 17 LT, KigXaELwd I &Ik L THkRRN-T2.
oS EBMEY LT, EMELEL ETS.
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Figure 1-1-1. Cretaceous and Paleogene chronostratigraphy, geomagnetic polarity, isotopic

temperature, anoxic episodes, large igneous events, and global impacts. Generated by TimeScale
Creator v. 8.0 (https://engineering. purdue.edu/Stratigraphy/tscreator/index/index. php). Note the

isotopic temperature curves reconstructed from belemnites (blue), non-glassy (black) and glassy

(green) planktonic foraminifera (Grossman and Joachimski, 2020).
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Figure 1-1-2. Paleogeographical maps (Scotese, 2016). A, Maastrichtian (70 Ma); B, Early

Campanian (80 Ma); C, Turonian (90 Ma).
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Figure 1-1-3. Schematic phylogenetical relationships of Late Cretaceous marine reptiles modified
from Fischer et al. (2016) and Madzia and Cau (2020). Reconstructions of the ichthyosaur
Ophthalmosauridae from McGowan and Motani (2003), the plesiosaur Pliosauridae from Peters
(2014), Polycotylidae and Elasmosauridae from Motani (2009), the mosasaur Tylosaurinae from
Hartman (2015), Plioplatecarpinae from Lindgren et al. (2010), Halisaurinae from Shinmura and

Konishi (2018) and Mosasaurinae from PWNZ3R-Dragon (2017). Reconstructions not at scale.
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Figure 1-3-1. Upper Cretaceous strata bearing vertebrate remains in Japan. A, Stratigraphic
correlation of Late Cretaceous sediments throughout the Japanese Islands modified from Ando
and Takahashi (2017). B, Distribution map of Upper Cretaceous sediments modified from

Masukawa and Ando (2018).
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Figure 2-1-1. Map of the study areas. A, map of Japan. Note the location of B (dashed box). B,
map of Ibaraki Prefecture and southern part of Fukushima Prefecture. Note the location of Figure

2-1-2 (blue box) and the location of Figure 2-2-1 (red box).

89



Naraha Town /

!'"-\"\-f‘. . }(ffaba .
-\‘_\" N‘“—_“\“’. . :"I/, .
y 2 km
sk I
A, e r
bt _\.I $am\
. R
Hirono Town A
Mt. Gosha ) Ry, -
] A \.‘\\' 4 ““
) North of Sakurazawa {
. Valley— = _
M. Sakurazawa X
- Valley - S
e Lu-""“‘.
'\ {.. OrikiRiv.
e y \--\
Mt. Mitsumori 5
- Legends
Q. i
o ) o~
‘9‘?/]‘}% ' I:l Quaternary
= Neogene
Ashizawa Paleogene
| Valley ~ 6
) \lwaki City Futaba Gp.

) : Tamayama Fm.
Irimazawa Riv!

Irimazawa Mbr.

Kohisagawa Mbr.

Kasamatsu Fm.

§
&

£ )
J Hisanohama)5st.
)
77
y )
i,

Ashizawa Fm.
|: Obisagawa Mbr.

Asamigawa Mbr.

Granitic rocks

Takakurayama Gp.

* Fossil Locality
(This study)

ﬁ Fossil Locality
(Previous studies)

Figure 2-1-2. Geological map of Pacific coastal area of Iwaki City, Hirono Town, and Naraha
Town in Fukushima Prefecture modified from Ando et al. (1995) and Kubo et al. (2002). Note the

study localities (red stars): F1-F5.

90



Age [Stratigraphy Columnar section Vertebrate fossils
o -
ol E ) )
§ % middle Irimazawa Mbr.
w| 2
TaTAT TaTaTaVaVaVy
c s
o =
c -
S £ C. cf. borealis C. cf. hattini
c =
(47} RV
300 2| €
13| L
HHF
aEE
< | g
E [0] Futabasaurus suzukii
o
(1] o
E * C
[=]
X
- L C. cf. catoxodon )
Mw_
200 :
E
e
3
0
o
£
(1]
s
. ™
X _ 4 lower Obisagawa Mbr.
AAANAN (ex situ)
100 ) ! =
E‘ = \ Polycotylidae )
c g s i ™
© g g lower most Obisagawa Mbr.
Ol|lm| 2
SO N|2
53|
Oo|l<
) o~ = C. aff. gertericorum  C. cf. deschutferi
3| |iz
0 (M) pnAnanan=== :
9 C. aff. catoxodon )
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Figure 2-1-4. Nonconformity boundary between the lowermost part of the Futaba Group and the
basement-rock granite. A, Outcrop at the upstream of Asami River. B, Basement-rock granite and
poorly sorted, subangular to subround conglomerate of the lowermost Asamigawa Member

(“facies 2” in Ando et al., 1995).
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Figure 2-1-5. Erosional boundary as ravinment surface between the Obisagawa Member and the
Asamigawa Member. Locality F1 at Sakurazawa, Oriki, Hirono Town, Fukushima Prefecture. A,
Outcrop of locality F1. B, Calcareous rounded pebble conglomerate of the lowermost part of the

Obisagawa Member (“facies 8” in Ando et al., 1995).
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Figure 2-1-6. Upper part of the Obisagawa Member. A, Outcrop at Ammonite Center, Iwaki City.
B, Hummocky cross-statified sandstone including many large-size ammonites (“facies 12” in

Ando et al., 1995).
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Figure 2-1-7. Locality F3 at Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture. A, Outcrop of
locality F3. B, Calcareous rounded pebble conglomerate of the lowermost part of Obisagawa

Member (“facies 8” in Ando et al., 1995).
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Figure 2-1-8. Locality F4 at Momonokizawa, Ohisa, Iwaki City, Fukushima Prefecture. A,

Outcrop of locality F4. B, Intervening rounded pebble conglomerate (“facies 9” in Ando et al.,
1995).
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Figure 2-1-9. Locality F5 at Yamanokami, Ohisa, Iwaki City, Fukushima Prefecture. A, Outcrop
of locality F5. B, Massive fine sandstone including carbonized wood micro-fragments (“facies 13”

in Ando et al., 1995).
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Figure 2-2-2. Stratigraphic column and vertebrate fossil horizons of the Nakaminato Group.
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illustrations of Apalone (Nakajima et al., 2017), Squalicorax (Shimada and Cicimurri, 2006;
Dmitry Bogdanov, 2008), Odontaspididae (Welton and Farish, 1993), and Plotosaurus (Lindgren

et al., 2007)
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Figure 2-2-3. Locality N1 at Hiraiso coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of

locality N1. B,. Siltstone of the unit HI3 of the Hiraiso Formation.
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Figure 2-2-4. Locality N2 at [sozaki coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of
locality N2. B,. Shark tooth occuring from the granule-pebble conglomerate of the unit Is2 of the

Isoai Formation.
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Figure 2-2-5. Locality N3 at [sozaki coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of
locality N3. B,. Trionychid costal occured from the sandstone of the unit Is3 of the Isoai

Formation.
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Figure 2-2-6. Locality N4 at [sozaki coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of

locality N4. B,. Shark tooth occured from the sandstone of the unit Is6 of the Isoai Formation.
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Figure 2-2-7. Locality N6 at [sozaki coast, Hitachinaka City, Ibaraki Prefecture. A, Outcrop of

locality N5. B,. Shark tooth occured from the sandstone beach pebble. Photos supplied from

Teppei Sonoda.
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Figure 4-1-1. Reconstructed dentitions of otodontid sharks. A, Cretalamna bryanti from Upper

Santonian or Lower Campanian, Dallas County, Alabama, USA (modified from Ebersole and
Ehret, 2018). B, Cretalamna cf. gertericorum from the Coniacian, Iwaki City, Fukushima, Japan.
C, Cretalamna gertericorum from Lower Turonian, Tourtia de Bettrechies, Northern France

(modified from Siversson et al., 2015). All tooth file designations are inferred.
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Figure 4-1-2. Reconstructed dentitions of otodontid sharks. A, Cretalamna hattini from latest

Santonian or earliest Campanian, Logan County, Kansas, USA (modified from Siversson et al.,
2015). B, Cretalamna cf. deschutteri from the Coniacian, Iwaki City, Fukushima, Japan. C,
Cretalamna deschutteri from Lower Turonian, Tourtia de Bettrechies, Northern France (modified

from Siversson et al., 2015). All tooth file designations are inferred.
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Figure 4-1-3. Reconstructed dentitions of otodontid sharks. A, Cretalamna cf. catoxodon from the

Coniacian, Iwaki City, Fukushima, Japan. B, Cretalamna catoxodon from Middle Cenomanian,
CY Creek, Western Australia (modified from Siversson et al., 2015). All tooth file designations

are inferred.

107



Leptocleidus superstes
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|
AT I T

Dolichorhynchops tropicensis

Figure 4-2-1. Cladogram of Leptocleidia plesiosaur modified from Fischer et al. (2018). A,
Leptocleidia. B, Polycotylidae. C, Polycotylinae. Coracoid of Mauriciosaurus is maybe extracted
from a juvenile individual. Coracoid skeches are based on Kear and Barrett. (2011), Frey et al.
(2017), Albright (2007), O’Keefe and Chiappe (2011), Sato (2005), Williston (1903), and

Schmeisser (2012).

108



B —— Mosasaurinae

Mosasauridae L Halisaurinae
—— Plioplatecarpinae

Mosasauroidea L—— Tylosaurinae

—— Yaguarasaurinae

. —— Tethysaurinae
Russellosaurina Y

Aigialosaurus

A
Clidastes

Pygals Intermediate Terminals

C

Mosasaurinae

caudals

Mosasaurini

—— Plotosaurus

—— Mosasaurus

Prognathodon
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Figure 4-3-1. Cladistic relationship of Plotosaurus and other mosasaurs. A, Skeletal

reconstruction of Plotosaurus reproduced from Lindgren et al. (2007) with permission of John

Wiley & Sons. B-C, Cladograms of Mosasauroidea and Mosasaurinae, respectively. These

cladograms are modified from Madzia and Cau (2017, 2020). D, Tail reconstructions with

hypothetical soft-tissue outlines of Mosasaurinae, reproduced from Lindgren et al. (2011) with

permission of Cambridge University Press. White triangles indicate the boundaries of the

pygal/intermediate caudals. Black triangles indicate the boundaries of the intermediate/terminal

caudals.

109



Figure 4-3-2. Computed-tomography-based virtual sections of caudal vertebrae of cf. Plotosaurus

sp., INM-4-17907 (A, B) and INM-4-15694 (C, D): Transverse (A, C), and mid-sagittal (C, D)

sections. Note that the cavity-filling matrix is darker gray in color than the bone tissue in (A) and
(B) whereas the opposite is noted in (C) and (D). Abbreviations: L.(r.)hap, left (right) haemal arch
pedicle; r.hp, right hemapophysis; l.nap, left neural arch pedicle; L.tp, left transverse process; nf,

nutrient foramen; vf, vertebral foramen. Scale bars: 10 mm.
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e a: Dallasaurus turneri (middle Turonian)
—— b: Clidastes sp. (late Santonian)

—— ¢: Mosasaurus sp. (middle Campanian)
d: Mosasaurus sp. (early Maastrichtian)

e: Plotosaurus bennisoni (middle Maastrichtian)
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Figure 4-3-3. Comparative dimensional changes (relative centrum length) through the vertebral
column of the mosasaurines, showing a gradual decline in relative length, modified from Lindgren
et al. (2011). White triangles indicate the boundaries of the pygal/ intermediate caudals. Colored

triangles indicate the boundaries of the intermediate/terminal caudals.

111



Figure 4-4-1. INM-4-15300 (A-B, 3D images; C, virtual cross section at the growth centre; E-F,

longitudinal sections), a humerus of Amyda cartilaginea (D, cross section at the growth centre;
G—H, longitudinal sections). In CT-image sections, bones are displayed in white or light gray,

cavities and matrices in black or dark gray. All scales: 10 mm.
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Figure 4-4-2. INM-4-15300 (A, 3D image of the epiphysis region with nutrient foramen; B, 3D
image of the epiphysis region sectioned at the plane including the nutrient canal). The white arrow

indicates the nutrient canal and the gray arrow indicates the position of the growth centre.
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Figure 4-4-3. Comparison of the right humerus of Trionychidae turtle and INM-4-15300. A-D,
Right humerus of Pelodiscus sinensis; E—-H, Left humerus of Amyda cartilaginea (horizontally-
flipped image); I-L, Reconstructed image of INM-4-15300 as a right humerus of Trionychidae in
dorsal (A, E, I), ventral (B, F, J) posterior (C, G, K), and anterior (D, H, L) views. All scales: 50

mm.
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Figure 4-4-4. Comparison and position examination of the Trionychid remains from the Isoai
Formation. A, INM uncatalogued soecimen, a possibly right 2nd costal. B, INM-4-16737, a
possibly right 3rd costal. C, INM-4-16738, a possibly right 6th costal. D, INM-4-15695, a
possibly left 8" costal. Note: reconstruction of the carapace is that of Trionyx triunguis (extant

African softshell turtle) modified from Vitek and Joyce (2015). All scales: 50 mm.
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Figure 5-1-1. Cretalamna appendiculata-like taxa (sensu Ebersole and Ehret, 2018) distribution
during Late Cretaceous. A, Stratigraphic correlation of Cretalamna appendiculata-like taxa
remains. B, Distibution of Cretalamna appendiculata-like taxa fossil localities. Note: data
compiled from Siversson et al. (2015), Ebersole and Ehret (2018), and this study. The same

numbers in (A) and (B) correspond to each other.
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Figure 5-1-2. Carcharias distribution during Late Cretaceous and Paleogene. A, Stratigraphic
correlation of Carcharias remains. B, Distibution of Carcharias fossil localities. Note: data
compiled from Cappetta (2012), Cappetta and Corral (1999), Case and Schwimmer (1988),
Siverson (1995), Adolfssen et al. (2014), and this study. The same numbers in (A) and (B)

correspond to each other.
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Figure 5-1-3. Johnlongia distribution during Late Cretaceous. A, Stratigraphic correlation of
Johnlongia remains. B, Distibution of Johnlongia fossil localities. Note: data compiled from
Cappetta (1973), Siverson (1996), Shimada et al. (2004, 2015), Cook et al. (2008, 2013), Hamm
and Cicimmuri (2011), Kaneko et al. (20197?), and this study. The same numbers in (A) and (B)

correspond to each other.
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Figure 5-3-1. Mosasauridae distribution during Late Cretaceous. A, Stratigraphic correlation of
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2017), and Plotosaurus (Lindgren et al., 2007). B, Distribution of mosasaur fossil localities in

Japan. Source: Map modified from Masukawa and Ando (2018)
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Table 5-2-1. Plesiosaur remains from the Upper Cretaceous in Japan. Note: Specimen data
compiled from Sato et al. (2012, 2018), Sekiguchi and Sato (2020), Utsunomiya (2019), and this
study. Private collections are excluded for reproducibility. Abbreviations: HMG, Hobetsu
Museum (geology collection), Mukawa City, Hokkaido Prefecture; HPMHN, Museum of Nature
and Human Activities, Sanda City, Hyogo Prefecture; IMCF, Iwaki Museum of Coal and Fossils,
Iwaki City, Fukushima Prefecture; KGU, Kagoshima University, Kagoshima City, Kagoshima
Prefecture; KPM, Kagoshima Prefecture Museum, Kagoshima City, Kagoshima Prefecture; NFL,
Numata Fossils Laboratory, Numata Town, Hokkaido Prefecture; NM, Nakagawa Museum,
Nakagawa City, Hokkaido Prefecture; NSM, National Museum of Nature and Science, Taito
Ward, Tokyo Metropolis; OM, Obira Museum, Obira Town, Hokkaido Prefecture; SMAC,
Sapporo Museum Activity Center, Sapporo City, Hokkaido Prefecture; UHR, Hokkaido

University Museum, Sapporo City, Hokkaido Prefecture; UMUT, University Museum of

University of Tokyo, Bunkyo Ward, Tokyo Metropolis.

Geological unit  Stage Identification Specimen nunmber Lecality
Yezo Gr. Maastrichtian Elasmosauridae indet. NMV 2 MNakagawa. Hokkaido
Campanian Elasmoszauridae indet HMG 1 Hobetsu, Mukawa, Hokkaido
Elasmosauridae indet. NSMPY 15004 Urakawa, Hokkaido
Plesiozauria indet. NFL 34 Mumata, Hokkaido
Santonian Elasmosauridae indet. oM 1 Obira, Hokkaido
Coniacian Elasmosauridae indet. NMV 1 MNakagawa, Hokkaido
Turonian-Santonian Polycotylidae indet. SMAC 2872 Obira, Hokkaido
Turonian Pliosaurcidea indet. UHR 33108 Haboro, Hokkaide
Polycotylidae indet. HMG 357 Obira, Hokkaido
Cenomanian-Turonian Polycotylidae indet. HMG 1079 Mikasa, Hokkaido
Cenomanian Polycotylidae indet. UMUT MV 19965 Obira, Hokkaida
Pliosaurcidea indet. NSM PV15006 Mikasa, Hokkaido
Unknown Elasmosauridae indet. HMG 4 Hobetsu, Mukawa, Hokkaido
Elasmozauridae? HMG 352 Hobetsu, Mukawa, Hokkaido
Elasmosauridae? HMG 354 Hobetsu, Mukawa, Hokkaido
Elazmoszauridae? HMG 1194 Hobetsu, Mukawa, Hokkaido
Elasmosauridae? UHR 33109 Haboro, Hokkaido
Polycotylidae indet. HMG 1067 Hobetsu, Mukawa, Hokkaido
Polycotylidae? HMG 385 Hobetsu, Mukawa, Hokkaido
Plesiosauria indet. UHR 32184 Yubari, Hokkaido
ria indet. HMG 3 Hobetsu, Mukawa, Hokkaido
iosauria indet. HMG 350 Hobetsu, Mukawa, Hokkaido
ria indet. HMG 351 Hobetsu, Mukawa, Hokkaido
ria indet. HMG 353 Hobetsu, Mukawa, Hokkaido
iosauria indet. HMG 358 Hobetsu, Mukawa, Hokkaido
ria indet. HMG 1187 Hobetsu, Mukawa, Hokkaido
Plesiosauria indet. HMG 1188 Hobetsu, Mukawa, Hokkaido
ria indet. HMG 1189 Hobetsu, Mukawa, Hokkaido
Plesiosauria indet. HMG 1190 Hobetsu, Mukawa, Hokkaido
iosauria indet. HMG 1192 Hobetsu, Mukawa, Hokkaido
Kuji Gr. Santonian ria indet. Specimen(s?) mentioned in Terui and Nagahama (1995)  Iwate
Futaba Gr. Santonian Futabasaurus suzukil NSM PV15025 { Iwaki, Fukushima
Elasmoszauridae indet IMNHP 400.002, 003, 004 Iwaki, Fukushima
Elasmosauridae indet. INNHP 400.008, 012 Iwaki, Fukushima
Elazmosauridae indet. INMNHP 400.011 Iwaki, Fukushima
Elasmosauridae indet. Specimen in Tokunaga and Shimizu {1926) Iwaki, Fukushima
Polycotylidae? IMCF temporary number 2871 Iwaki, Fukushima
Ceniacian Elasmosauridae indet. IMCF temporary number Iwaki, Fukushima
Polycotylidae IMCF uncatalogued specimen Iwaki, Fukushima
Polycotylidae? IMCF temporary number 2477 Iwaki, Fukushima
lzumi Gr. Maastrichtian Elasmosauridae? HPMHN D1-5386 Minami-Awaji. Awaji Island, Hyogo

Goshoura Gr.

Campanian
Cenomanian

Polycotylidae?

Elasmosauridae indet.

KGU uncatalogued specimen
5U01 (Nagashima Town specimen depasited in KPM)

Higashu-Kagawa, Kagawa

Shishi Island, Nagashima, Kagoshima
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Table 5-3-1. Mosasaur remains from the Upper Cretaceous in Japan. Note: Specimen data
compiled from Sato et al. (2012, 2018), Konishi et al. (2015), Kurosu et al. (2015), and this study.
Private collections are excluded for reproducibility. Abbreviations: GCM, Goshoura Cretaceous
Museum, Amakusa City, Kumamoto Prefecture; HMC, Hidaka Mountain center, Hidaka Town,
Hokkaido Prefecture; HMG, Hobetsu Museum (geology collection), Mukawa City, Hokkaido
Prefecture; IMCF, Iwaki Museum of Coal and Fossils, Iwaki City, Fukushima Prefecture; INM,
Ibaraki Nature Museum, Bando City, Ibaraki Prefecture; IPMM, Iwate Prefectural Museum,
Morioka City, Iwate Prefecture; KCU, Kochi University, Kochi City, Kochi Prefecture; KSNHM,
Natural History Museum, Kishiwada City, Osaka Prefecture; MCM, Mikasa City Museum,
Mikasa City, Hokkaido Prefecture; NFL, Numata Fossils Laboratory, Numata Town, Hokkaido
Prefecture; NSM, National Museum of Nature and Science, Taito ward, Tokyo Metropolis;
OMNH, Osaka Museum of Natural History, Osaka City, Osaka Prefecture; OTBE, Obira Town

Board of Education, Obira Town, Hokkaido Prefecture.

Geological unit  Stage |dentification Specimen number Locality
Yezo Gr. Maastrichtian Fhosphorossurus ponpetelegans HMG 1528 (Holotype) Hobetzu, Mukawa, Hokkaido
Mosasaurus hobetsuensis HMG 12 (Holotype) Hobetzu, Mukawa, Hokkaido
Mosasaurinae gen. et 2p. indet. HMG 10 Hobetzu, Mukawa, Hokkaido
Campanian-Maastrichtian  Mosasaurus prismaticus HMG 1065 (Holotype) Hobetzu, Mukawa, Hokkzaido
Meosasaurinae gen. et sp. indet. HMG 1077 Hobetsu, Mukawa, Hokkaide
Mosasauridae gen. et =p. indet. HMG 1076 Hobetsu, Mukawa, Hokkaide
Campanian Tvlosaurus? sp. HMG 371 Hobetsu. Mukawa, Hokkaido
Mosasaurinae gen. et sp. indet. MNFL 33 Mumata, Hokkaido
Mosasaurcidea gen. et sp. indet. COTBE Obr-3609 Obira, Hokkaido
Santonian-Campanian Taniwhasaurus mikassensis MCM.MO008 (Holotype) Mikasa, Hokkaido
Taniwhasaurus mikasaensis MCM.A1008 and M10 Mikaza. Hokkaido
Taniwhasaurus mikasaensis MCM.AB00 Haboro, Hokkaido
Santonizn Mosasauridae gen. et 2p. indet. HMG 370 Maonbetzu, Hidaka, Hokksido
Coniacian-Santonian Russzellosaurina gen. et sp. indet. NSM-PV15003 Hobetsu, Mukawa, Hokkaide
Plioplatecarpinae gen. et sp. indet.  HMG 11 Hobetsu, Mukawa, Hokkaido
Coniacian-Maastrichtian Mosasauridae gen. et sp. indet. HMG 1075 Hobetsu, Mukawa, Hokkaido
(Unknown) Mosasauridae gen. et sp. indet. HMC uncatalogued specimen Hidaks, Hokkaido
Mozasauridae gen. et gp. indet. HMC uncatalogued specimen Hidaka, Hokkaido
Kuji Gr. Santonian Ruszellogauring gen. et sp. indet. IPMM 30881 Kuji, lwate
Moszasauridae gen. et 2p. indet. IPMM 40041 Modaz, lwate
Futaba Gr. Santonian Mosasauridae gen. et 2p. indet. MNSM-PV22125 lwaki, Fukushima
Coniacian Plioplatecarpinae gen. et sp. indet.  IMCF uncatalogued specimen  lwaki, Fukushima
Mzkaminato Gr. Maastrichtian cf. Plotosaurus sp. INM-4-15694 Hitachinzka, Ibaraki
Campanian-Maastrichtian  of. Plofossurus sp. INM-4-17907 Hitachinaka, Ibaraki

lzumi Gr.

Maastrichtian

Mosasaurus sp.

Mozasauridae gen.
Moszasaurinas gen.
Mosasaurinas gen.

Mosasauridae gen.

et sp. indet.
et sp. indet.
et 2p. indet.

et zp. indet.

KSNHM-F6-10~23
KSNHM-F6-5~9. 480
KSNHM-F6-3
OMNH MV-0066

KCU uncatzlogued specimen

Soburs, Kaizuka, Osaks
Sobura, Kaizuka, Osaka
Showaike, Sennan, Osaka
Haszhiramoto, Wakayama

Sumoto. Hyogo

Campanian Mosasaurinae gen. et =p. indet. KSNHM-F6-2 Kanewari. Sanuki. Kagawa
Ruszellosaurina? OMMNH MV-0076 MMinami-awaji, Hyogo
Himenouwra Gr.  Santonian Plioplatecarpinas gen. et sp. indet.  GCM-VP 348 Kamiamakusa, Kumamoto
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Table 5-4-1. Trionychidae remains from the Upper Cretaceous in Japan. Note: Specimen data
compiled from Hirayama (1998, 2006a), Hirayama et al. (2012), Kishimoto (2014), Komatsu et al.
(2014), Nakajima et al. (2017), Umetsu et al. (2013), and this study. Abbreviations: FPDM,
Fukui Prefectural Dinosaur Museum, Katsuyama, Fukui Prefecture; INM, Ibaraki Nature
Museum, Bando City, Ibaraki Prefecture; MDM, Mifune Dinosaur Museum, Mifune, Kumamoto
Prefecture; SBEI, Shiramine Board of Education, Hakusan City, Ishikawa Prefecture; OSD,

Osawada River specimens (temporally restored in Waseda University, Tokyo).

Geological unit  Stage Identification Specimen nunmber Locality
Kuji Gr. Turonian Trionychidae gen. et sp. indet. 0sD 112 Kuji. lwate
Makaminato Gr Maastrichtian Trionychidze gen. et =p. indet. INM-4-15300 Makaminzto, |baraki
INM-4-15698 skaminato, |barski
INM-4-16737 Nakaminato, lbaraki
INM-4-16738 Makaminato, |baraki
Uncatalogued specimen skaminato, |baraki
Tedari Gr. arremian—Aptian Trionychidae gen. et sp. indet. FPDM-VO127 Katsuyama, Fukui
FPDM-V1836 Katsuyama, Fukui
FPDM-V2371 Katsuyama, Fukui
FPDM-V2761 Katsuyama, Fukui
FPDM-VE3T0 Katsuyama, Fukui
FPDM-VI487 Katsuyama, Fukui
Early Cretaceous Trionychidae gen. et =p. indet. SBEI 1708 Hakuzan, Ishikawa
SBEI 529 akusan, Ishikaws
Izumi Gr. Mazastrichtian Trionychidze gen. et =p. indet. Uncatalogued specimen Minamizawaji. Hyogo
Kanmaon Gr. Early Cretaceous Trionychidae gen. et sp. indet. Uncatalogued specimen Miyawska, Fukuoka
Mifune Gr. Cenomanian-Turcnian  Trionychidae gen. et sp. indet. MDM 1042 Mifune, Kumamoto
MDM 1043 Mifune. Kumamoto
MDM 1044 Mifune. Kumamoto
MDM 1045 Mifune, Kumamoto
MDM 1046 Mifune. Kumamoto
MDM 1047 Mifune, Kumamoto
MDM 1048 Mifune, Kumamoto
MDM 1049 Mifune. Kumamoto
MDM 1050 Mifune, Kumamaoto
MDM 1051 Mifune. Kumamoto
MDM 1058 Mifune. Kumamoto
MDM 1098 Mifune. Kumamoto
MDM 122 Mifune. Kumamoto
MDM 1267 Mifune, Kumamoto
MDM 1312 Mifune. Kumamoto
MDM 1323 Mifune. Kumamoto
MDM 1325 Mifune, Kumamoto
MDM 1332 Mifune. Kumamoto
MDM 1333 Mifune. Kumamoto
MDM 1335 Mifune. Kumamoto
Goshoura Gr.  Albian Trionychidae gen. et sp. indet. Uncatalogued specimen Amskusa, Kumamoto
Himenoura Gr. Campanian Trionychidae gen. et sp. indet. Uncatalogued specimen Koshikijima Island, Kumamoto
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Plate 1

Teeth of Cretalamna aff. gertericorum

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-029: left upper anterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

B, SCST-093: right upper anterior tooth

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

Scales: 10 mm.
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Plate 1
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Plate 2

Teeth of Cretalamna aff. gertericorum

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-079: right upper lateroposterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

B, SCST-087: right upper lateroposterior tooth (posteriorly situated)

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

Scales: 10 mm.
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Plate 2
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Plate 3

Teeth of Cretalamna aff. gertericorum

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-010: right lower anterior tooth

in lingual (A1), labial (A2), profile (A3—A4), basal (AS5), and oral (A6) views.

B, SCST-009: left lower anterior tooth

in lingual (B1), labial (B2), profile (B3—-B4), basal (BS5), and oral (B6) views.

Scales: 10 mm.
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Plate 3
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Plate 4

Teeth of Cretalamna aff. gertericorum

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-018: left lower anterior tooth

in lingual (A1), labial (A2), profile (A3—A4), basal (AS5), and oral (A6) views.

B, SCST-012: left lower lateroposterior tooth (anteriorly situated)

in lingual (B1), labial (B2), profile (B3—B4), basal (B5), and oral (B6) views.

Scales: 10 mm.
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Plate 4
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Plate 5

Tooth of Cretalamna aff. gertericorum

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

SCST-075: left lower lateroposterior tooth

in lingual (1), labial (2), profile (3—4), basal (5), and oral (6) views.

Scale: 10 mm.
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Plate 5
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Plate 6

Teeth of Cretalamna cf. borealis

from the Tamayama Formation (lower Santonian)

at the locality F5, Yamanokami, Ohisa, Iwaki City, Fukushima Prefecture.

A, FLST-001: left upper lateroposterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

Teeth of Cretalamna cf. hattini

from the Tamayama Formation (lower Santonian)

at the locality F5, Yamanokami, Ohisa, Iwaki City, Fukushima Prefecture.

B, FLST-002: left upper lateroposterior tooth

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

Scales: 10 mm.
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Plate 6

A1 A2
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Plate 7
Teeth of Cretalamna aff. deschutteri
from the Ashizawa Formation (middle Coniacian)
at the locality F2 (A), Kayanosawa, Hirono Town, Fukushima Prefecture

and F3 (B), Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-160: left upper anterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

B, SCST-004: left upper anterior tooth

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

Scales: 10 mm.
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Plate 7
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Plate 8
Teeth of Cretalamna aff. deschutteri
from the Ashizawa Formation (middle Coniacian)
at the locality F2 (A), Kayanosawa, Hirono Town, Fukushima Prefecture

and F3 (B-C), Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-170: right upper lateroposterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

B, SCST-032: right upper lateroposterior tooth

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

C, SCST-139: right upper lateroposterior tooth

in basal (C1), oral (C2), lingual (C3), labial (C4), and profile (C5-C6) views.

Scales: 10 mm.
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Plate 8
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Plate 9

Teeth of Cretalamna aff. deschutteri

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-142: right upper lateroposterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

B, SCST-140: left upper lateroposterior tooth

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

Scales: 10 mm.
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Plate 9
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Plate 10

Teeth of Cretalamna aff. deschutteri

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-030: right lower anterior tooth

in lingual (A1), labial (A2), profile (A3—A4), basal (AS5), and oral (A6) views.

B, SCST-071: left lower anterior tooth

in lingual (B1), labial (B2), profile (B3—B4), basal (BS5), and oral (B6) views.

Scales: 10 mm.
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Plate 10
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Plate 11
Teeth of Cretalamna aff. deschutteri
from the Ashizawa Formation (middle Coniacian)
at the locality F2 (A), Kayanosawa, Hirono Town, Fukushima Prefecture

and F3 (B), Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-169: left lower anterior tooth

in lingual (A1), labial (A2), profile (A3—A4), basal (AS5), and oral (A6) views.

B, SCST-145: left lower lateroposterior tooth

in lingual (B1), labial (B2), profile (B3—B4), basal (BS5), and oral (B6) views.

Scales: 10 mm.
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Plate 11
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Plate 12

Teeth of Cretalamna aff. catoxodon

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-065: right upper anterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

B, SCST-064: left upper anterior tooth

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

Scales: 10 mm.
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Plate 12
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Plate 13

Teeth of Cretalamna aff. catoxodon

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-008: left upper lateroposterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

B, SCST-084: right upper lateroposterior tooth

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

C, SCST-097: left upper lateroposterior tooth (posteroprly situated)

in basal (C1), oral (C2), lingual (C3), labial (C4), and profile (C5-C6) views.

Scales: 10 mm.
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Plate 13
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Plate 14

Teeth of Cretalamna aff. catoxodon

from the Ashizawa Formation (middle Coniacian)

at the locality F3, Ashizawa, Ohisa, Iwaki City, Fukushima Prefecture.

A, SCST-028: right lower anterior tooth

in lingual (A1), labial (A2), profile (A3—A4), basal (AS5), and oral (A6) views.

B, SCST-158: left lower lateroposterior tooth

in lingual (B1), labial (B2), profile (B3—B4), basal (BS5), and oral (B6) views.

Scales: 10 mm.
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Plate 14
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Plate 15

Teeth of Cretalamna cf. catoxodon

from the Tamayama Formation (lower Santonian)

at the locality F5, Yamanokami, Ohisa, Iwaki City, Fukushima Prefecture.

A, FLST-003: left upper lateroposterior tooth

in basal (A1), oral (A2), lingual (A3), labial (A4), and profile (A5—A6) views.

B, FLST-004: left lower lateroposterior tooth

in basal (B1), oral (B2), lingual (B3), labial (B4), and profile (B5-B6) views.

Scales: 10 mm.
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Plate 15
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Plate 16

Tooth of cf. Squalicorax sp.
from the Isoai Formation (lower Maastrichtian)

at the locality N3, Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

A, INM-4-16768: fragmentary cusp

in lingual (A1), labial (A2), profile (A3—A4), basal (AS5), and oral (A6) views.

Tooth of Selachii ord., fam., gen. et sp. indet.

from the Isoai Formation (lower Maastrichtian)

at the locality N5, Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

B, NSM PV-5303: tooth (the root is included in matrix)

in lingual (B1), labial (B2), and profile (B3) views.

Scales: 10 mm.

157



Plate 16
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Plate 17

Tooth of Carcharias cf. gracilis

from the Isoai Formation (lower Maastrichtian)

at the locality N6, Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

A, INM-4-16772: left upper lateroposterior tooth

in lingual (A1), labial (A2), profile (A3—A4), basal (AS5), and oral (A6) views.

Tooth of cf. Carcharias sp.

from the Isoai Formation (lower Maastrichtian)

at the locality N3, Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

B, INM-4-16773: right lower lateroposterior tooth (anteriorly situated)

in lingual (B1), labial (B2), profile (B3—B4), basal (BS5), and oral (B6) views.

Scales: 10 mm.
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Plate 18

Tooth of cf. Johnlongia sp.

from the Isoai Formation (lower Maastrichtian)

at the locality N4, Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

INM-4-17929: left lower lateroposterior tooth

in lingual (1), lingual-profile (2), and profile (3) views;

in basal (4), oral (5), labial (6), lingual (7), and profile (8-9) views.

Scales: 5 mm.
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Plate 18
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Plate 19

Tooth of Selachii ord., fam., gen. et sp. indet.

from the Isoai Formation (lower Maastrichtian)

at the locality N2 at Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

Selachii ord., fam., gen. et sp. indet. A

INM-4-16764: fragmentary cusp

in lingual (A1), labial (A2), profile (A3—A4), basal (AS), and oral (A6) views.

Selachii ord., fam., gen. et sp. indet.B

INM-4-16765: fragmentary cusp

in lingual (B1), labial (B2), profile (B3—-A4), basal (B5), and oral (B6) views.

Selachii ord., fam., gen. et sp. indet. C

INM-4-16766: fragmentary cusp

in lingual (C1), labial (C2), and profile (C3—-C4) views.

INM-4-16767: fragmentary cusp

in lingual (D1), labial (D2), and profile (D3-D4) views.

Scales: 10 mm (A-B), 5 mm (C-D).
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Plate 19
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Plate 20

Coracoid of Polycotylinae gen. et sp. indet.

from the Ashizawa Formation (Middle Coniacian)

at the locality F4, Momonokizawa, Ohisa, Iwaki City, Fukushima Prefecture.

uncataloged specimen in IMCF: right coracoid in dorsal view.

Scales: 10 cm.
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Plate 20
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Plate 21

Vertebrae of Plesiosauria fam., gen. et sp. indet.

from the Futaba Group.

FM-N202000842, a vertebra from the lowermost Obisagawa Member (Coniacian) at the locality

F1, Oriki, Hirono Town, Fukushima, Japan in anterior or posterior (A—B), right or left (C-D),

dorsal (E), and ventral (F) views.

INM uncatalogued specimen, a vertebra from the middle Irimazawa member (Santonian) at the

locality F5, Yamanokami, Iwaki City, Fukushima, Japan in anterior or posterior (G—H), right or

left (I-J), dorsal (K), and ventral (L) views.

Scales: 20 mm.
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Plate 21
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Plate 22

Teeth of Pesiosauria fam., gen. et sp. indet.

from the Futaba Group.

FM-N202000844, a tooth from the lowermost Obisagawa member at the locality F1 at Oriki,

Hirono Town, Fukushima, Japan in labial (A-B), lateral (C-D), and lingual (H) views. Scale bar:

10 mm (A-D). Virtual cross sections are shown in transverse (E—F) and longitudinal (G) views.

I: Lost specimen refered as “Ichthyosaurus” sp. in Tokunaga and Shimizu (1926).

Scales: 10 mm (A-D).

169



Plate 22
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Plate 23

Caudal vertebra of cf. Plotosaurus sp.
from the Hiraiso Formation (upper Campanian—lower Maastrichtian)

at the locality N1, Hiraiso coast, Hitachinaka City, Ibaraki Prefecture.

INM-4-17907: intermediate caudal vertebra

in anterior (A1), posterior (A2), left lateral (A3), ventral (A4), and dorsal (A5) views.

Caudal vertebra of cf. Plotosaurus sp.

from the Isoai Formation (lower Maastrichtian)

at the locality N3, Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

INM-4-15694: terminal caudal vertebra

in anterior (B1), posterior (B2), left lateral (B3), right lateral (A4),

ventaral (A5), and dorsal (AS) views.

Scales: 5 cm (A), 3cm (B).
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Plate 23
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Plate 24

Trionychidae gen. et sp. indet.

from the Isoai Formation (lower Maastrichtian)

at the locality N3, Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

INM-4-15300: right humerus

in dorsal (Al), ventral (A2), anterior (A3), posterior (A4), distal (AS5), and proximal (A6) views.

INM-4-16738: fragmentary costal

in dorsal (B1) and ventral (B2) views.

Scales: 5 cm.
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Plate 24
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Plate 25

Trionychidae gen. et sp. indet.

from the Isoai Formation (lower Maastrichtian)

at the locality N3, Isozaki coast, Hitachinaka City, Ibaraki Prefecture.

Uncataloged specimen in INM: fragmentary costal

in dorsal (Al), ventral (A2), mesial (A3), and anterior or posterior (A4—A5) views.

Private specimen (a replica, INM-4-15695, stored in INM): fragmentary costal

in dorsal (B1) and ventral (B2) views.

INM-4-16737: fragmentary costal

in dorsal (C1) and ventral (C2) views.

Scales: 5 cm.
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Plate 25
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