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The elasmobranch fossil fauna from the Tatsunokuchi
Formation (upper Miocene—lower Pliocene) at Sendai City,

Miyagi Prefecture, Japan

Daichi Nakai

Department of Earth and Environmental Sciences, Graduate School of Environmental Studies, Nagoya University

Abstract: The Tatsunokuchi Formation of Sendai Group (Neogene) of northeastern Japan is
considered to have been deposited in the past bay opened to the Pacific ocean, which is called the
"Tatsunokuchi bay". The molluscan fauna of the Tatsunokuchi Formation indicates that a colder
paleoclimate than present ocean along the northeastern Japan. Whereas, the terrestrial flora of the
formation represents the temperate climate. This study challenges this contradiction by analyzing the
elasmobranch fauna of the "Tatsunokuchi bay" comparing with the other biota reported in previous
studies. 51 elasmobranch specimens from the Tatsunokuchi Formation, representing 12 species of
8 genera, 8 families were identified, including the first Neogene fossil record of Carcharinus leucas,
which mainly habit in the tropical environment. The elasmobranch fauna of the "Tatsunokuchi bay"
was dominated by the species dwelling in both seashore and offshore, and was composed of the
taxa of both cold and tropical assemblages. The composition of fossil fauna differs from the recent
fauna in northeastern Japan, but resembles that of the Dai-nichi Formation, Shizuoka, middle of
Japan, which represents the relatively warm environment in Pleistocene. Considering the diatom-
derived sea surface temperatures in northeastern Japan and the paleoclimate of the world in the
Pliocene, the elasmobranch fauna and terrestrial flora of the "Tatsunokuchi bay" represents that the
pelagic environment was basically cold, though the warm current may have flowed into the bay for
the survived of the cold water assemblage.

X C&Ic

EREENEEXG LI T 2B =RILEBEEL,
BEATRETH~ AR I C B BRI AD K E DR
KREXTHMBEE L THASNTWVS (A, 1963). KB
BEBNT 54 DDBO—DTHAHBOOREE, BEHH
HEED SEIEAE T ICN CRILBARICEFEL, "8BD
D (Tatsunokuchi Bay) " CHBELLDTHSD. <D
"BOOOE" I, BERRI GREMEE™ HoaFEIL
EMIEHIFTHHEL (ARIFDH, 1990, KEIEDH, 199),
mABICHE, BOmitARICEUIERNB TCH >fc&En

TW3 (Chinzei and lwasaki, 1967 ; #0138, 1990 ; /N5 IR,
1998).

BOOBL SIXEDOLOEEE (Tatsunokuchi Fauna) &
MEN S, BAOXEZZ T EE BB tABEENE
95 (Nomura, 1938). ZDfzs, BOODBEIFEWOERIC
e, RECHIHRAFRLESTBEREBECH DI
EEZSENTWS (BERIZH, 2013). LHLEHSS, BD
OB LEH5E, "BOODE " WEDREEZAEE Cho Tz
T &N BEEEYEAE (LEEYEs) NEHLTSY,
BB ARED SHTEINDBERELDA—EHIHSN
% (8K, 1987 11N - FHE, 2012). —A, #HLR (1990)
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TlE, BOOBHL SIELEICERRER AN ZET S
0D, —HBELSSERAREREAENDITMNELT
HCEDD, "BEOODE"HAERICEMLDDE, DITH
ICBEBRDEENFHSNDREEKFEDRETHZE LTS
B, EMEICEZ 2BROFEDREIIERILADERR
EERARDEDERIED SDHEEDHTITHON TS, &
fo, BROBEENKEBNENGZ HEEIC DOV TILEHER
TNTLEL.

BOOBLOIIBEBHESCALELRL, INEKT,
2 Z%8 (Oishi and Hasegawa, 1995; 4L, 2002, FHIEH,
2011), EEMDEE (@R, 1987), MUDZAHAE (HBD
CEEYIATRR, 2002) AREITNTWS. WIng, 3|/
FORILAREEY, KYESREDBRICELERTESDE
BChsd. —rh, WREBE{LAIL, Hataietal (1965), Hatai
etal. (1974) , 1EEEEH (2000), H+ED < HEMHZES (2002)
DHREDDBHH, FEDOEHEYAITR (2002) TlE, 7#
MERE, RUBEHLAITNTULEL. £z, ERORERE
{EBEDHEICDWNT, % (1972) THRIEINTLSH,
EHHTIEBEOOBZ SO CAURBELA (VAT AR
Isrus, RART O AE Carcharodon [C. megalodon = &E 1)
DEHENMNEEAEEEDHTEHY, P~ NEOREBELAD
WEANLZ L.

IREBIBOZIEERETH Y, [ERBYDERIE LR
EHLVEEEAREICENRONTWA T EQRFINS. iRk
BROZ LEBRBEFRERETGH, SBEDREICHE -
T, BREFICERT LK BRENEEDHEILKT
% (Dambach and Rodder, 2011). &2, BERH TR &
B ERBIICER T HENILET S (Gadigetal, 2006). <
n&Y, REBECAREEOEENRIE, BRTEFRE £k
IBERDEEDEMNTIRREZVES DD, REREI(L
AEETAVCEREE T AHA AR EFEDH SN TL
% (FIAE, BLiEH, 2001 )13 - @, 2016).

AR TIE, BOOBL SFlICHEREINRERLA
EEEH T AHEHIC, "BOODE" DHBREICOWNT, &7
RICRBRB L AR EDEREMA TERT 5.

EBIR R U E Hit

heBEs, TIsoBME (EEF#HR), BOOE
(R BB — T ECEEHH), mILE (FEREEsH), &
UXREFE (LBEFR) TBAEIN LS JtRED,
1986). PERVEDERE & EAIDimE L TR LIcBD -
& BEICKDEAZTY (P - XF, 1994). —75, &
DOB & EMDOBLBIRRESICK > CHERRREZRT
FEAHED, 1986).

BOOEIE, BRAMTHLBOOES, ROLBINITED
TECEHLTEY, Zichha, VIV NBgRIE, RUE
KEMEDLNDS. FRREICEEZGHILALE LT, EER

{tRICE>TILRBEAEIISN TS Y, BEOOBFIRIC
FRET I — 8T M IR R % R 9 7R 210 Thalassiosira temperei
(54 Ma ; Yanagisawa and Akiba, 1998) DR EHBEH1F
7EIB WUR, 1990). £z, 5aFEEICHBELZBDOO
BT, 7avvarv-. bovosERLICKY, EOOB
LEEICEET BIEEMADRAED S, 53 £ 04 Ma DR
HERIESNTVNS (KRAIED, 2012). LeH>T, &
DOOE & FEPFE— T EEFHR CH 5.

AMETE, BHEWEHITEXINBRB T2 RN 54
B ERDEBLOEAZRELZ (K1), [KEB/IBLD
BB TIE, 9 DDOBLEBA R I N FEEEZER
B3E6, 1980 ; #R, 1990), Fortipecten takahasii (A 2
H 4 & Pectinidae), Anadara tatunokutiensis (7 % 73 1 %
Arcidae) B ED_MBEEGBEOOELEL LIz, £
fe, BIbBEL AT 28BN EL D, Mbh BEA
BOME, MOBEBROLAELHSN. &, AtV
Tavik, NEERRERCANMELNT, TMITERR
ERbahhdINCERTS WHR, 1990). REE(CALE
WIns, EOOBR LMH S Z T 8 EBDELARE (X8:
I EUARRZE SILE SR, 1980) B LDORRBWERBHS
EH L (K1:38°15N, 140° 51'E). #REEE(LADE
H UTcB#EI&, Thalassiosira temperei D& EEHREZE (WK,
1990) KW EAITHY, FisEHICHBELIEEDEHTE
TNB. T, tDOBETIIREVEL AT TELRh > 1.

IREBRR LR DECHE

AHETIEHRE LT 49 18X, HoCICELME—K (L&
MERE) HoFEINARXY AR Squatina DEe{ta 2 12
ADEETS11EA%E, R 8B 12 EcnE-BELR & 1).
BRELILAIFEARDIFEAEDBILAT, TIFRICHRIE, B
&%, ERbELRLE.

IREBFEDHRDFEICDWTIE, KER - %E (1999) (&
DVWCEHET 5. sHAlRIaEGEILAICDVLTIE, EIRDIE,
EIERO OEBERE COBY, RAREFEEICDVWT/
FRAERAWTCEHAILZ (R2). A20O% A& Carcharhinus
DEE L Voigt and Weber (2011) #&E(CL, D HEE
BIIBEMRICEH INERZSEICRE L.
BEBICEEINEDICOWVTIE, TOEDERPER
BICDWT Ebertetal (2013) BB LT, 75, &L
feiZAlE, RIEKRFHREFEMENEE (Institute of Geology
and Paleontology, Faculty of Science, Tohoku University,
Sendai: IGPS) (CINEEN T 5.

B
Class: Carcharhiniformes X014 X8
Family: Carcharhinidae X204 AF}
Genus: Charcharhinus A< 0O A8
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x 1 AARICHT ZBOOEDREIBCADEHEL

Hita 47
Carcharhinus leucas 4
Carcharhinus longimanus 2
Carcharhinus sp. A 3
Carcharhinus sp. B 1
Carcharhinus spp. 5
Sphyrna zygaena 3
Carcharodon carcharias 1
Squalus sp. A 3
Squalus sp. B 1
Squatina sp. 2
|Dasyatis akajei 5
\Myliobatis sendaicus 17
8 4 2
Dasyatidae gen. et. sp. indet. 2
L s} 1
Cetorhinus sp. 1
=i 1
Myliobatis sp. 1
X 51

Carcharhinus leucas Miller & Henle, 1839
FAATOYA
EARES  IGPS112334-112336
(2. 2-4)

SCE LBl TH A BAECIEFET, EAETIEDLT
MR T 5. mRIEEBEOS T IS L TRIAS, FRT
BHL, RKECFRICES. mEidzMINMEL. =
EEEDLS 1/3-12 THER S, ROEIEFEINSEEE
[ICMNF ThIIChERD. £z, mgDiEsElE, FHESR
TlEHITHITHEL, EImERIchTHBERNIEN < 5D, &
EXRIFEERELYHI15-2FKEL (Voigt and Weber,
2011). A X Cn plumbeus (L&, AT 0O AR
Carcharhinus Z IS CT Cn. C BT 2) [ZEEDE
AR VEREE S, £z, DL Cn. longimanus (&1
BHBERICH L CTEEBEICILS, BEBEHN 111558,
ABEXBENS.

Carcharhinus cf. longimanus Poey, 1861
AL tEEE
EARZES 1 IGPS112338, 112339

(2. 5, 6)

SCE L3R TH S BAECIEFET, SAmETlEhT
TR 2. ERIZOITMNTER LTS Y, mimh L.
B IEEARICN L CIRIEEEICILS, ®mENEV 0=
BEZLTWVWATEHLS, BIETHSEHEAEINS. =D
BIFFEVH, WOEIFESBEC THS. Flemgs biEs
AEARAITIZB L, TRl THBICHEN 5. &
EREEUT 24 A4 AT 0OF X Cn. leucas (FEBHIEL L,
20 kA A Cn. falciformis [ SYNEDNTREIES S8, &K@
EXBIENS.

Carcharhinus sp. A

EARES | IGPS112340-112342
(2. 7-9)
SCE L3R TCH S BAECIEFET, EAETIEDLT
DT 5. \mIRIZFIEL, LI HITEHT 5. EEld
EOEINELS . B0& 172 Hic) THEEYEANFEL, V
FIRITMICHE D, EEED T IS TH Y, HWLETIED
EIRAS 1/31ChD. i, EB5EEBEDOEEIETIEL
SERAITIEEC, mEaEfITIEEH,L. FERIEZT O M
1)+ A Cn. falciformis D LSOOI R U EEICTESH, Cn.
falciformis (FEEARDHREH TR BT 5728, AEAEX
AENS.

Carcharhinus sp. B
EARES 1 IGPS112343
(2. 13)
SCE Ll TH B BAECIEFET, SAETIELY
MY 5. BRIV FRICHM &5 S, BEEldE oA
B, BORIFEENS 1/3-1/2 THERY, dFDiE 1/2
T hEES. BHRIEEBAITIEORELS, Smifich
FEREICN K 15D, ANIERIE K2 T A Cn. obscurus &
BT ER OIS DY, BBV FRICHE G\, RIERE
XBplEng. &z, WEOENMRICY ZROTEHNTFEL
FWNT &, IOEANICE DR T Cnsp. A EXBIEN 5.

Carcharhinus spp.
EARZES 1 IGPS112344-112348
(X2. 10-12)
EHE C WITNETHEECHDN, AVOTABDTEED
FREIEZ < DETHELULTWSRS, BENRHEETH 5.
BAETIELINICEEL, FRAETEEAELY HEL
T %, WRIEPRTHENMELED. WRISEENINC,
D - BOEOmmN S 1/3 T, YHEIFERITHED K5
ITEVDICH LT, FRTREIVIEOENZEI=AF% 2
LTW%. migsEDE—CTHHOVERIEFTT 5.
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&2 EH LTOREEESR(LADFHANE.

RS EZAES &= | ®mm) FE(mm) E&(mm) (EE
Carcharhinus leucas IGPS112334 2. 2 20.70 17.99 4.27
Carcharhinus leucas IGPS112335 2. 3 19.59 16.04 3.22
Carcharhinus leucas IGPS112336 2. 4 11.76 11.23 2.32
Carcharhinus cf. leucas IGPS112337 18.55 — 3.31|BE XA
Carcharhinus cf. longimanus IGPS112338 X2, 5 10.85 10.76 2.29| R —EB 1B
Carcharhinus cf. longimanus IGPS112339 2. 6 13.62 15.37 3.90
Carcharhinus sp. A IGPS112340 X2, 7 9.86 9.23 1.94
Carcharhinus sp. A IGPS112341 [X2. 8 8.92 6.85 1.82
Carcharhinus sp. A IGPS112342 [X2. 9 9.92 8.01 1.90
Carcharhinus sp. IGPS112344 X2, 10 9.22 8.59 1.88| T3EE
Carcharhinus sp. IGPS112345 [X2. 11 10.23 — 3.01| 588, HEHIE
Carcharhinus sp. IGPS112346 X2, 12 6.65 6.90 1.83| T 5EiE
Carcharhinus sp. B IGPS112343 [X]2, 13 6.32 5.47 1.01
Carcharhinus sp. IGPS112347 — — —| T3EH, #XIE
Carcharhinus sp. IGPS112348 7.77 7.05 1.83| B AL
Sphyrna zygaenna IGPS112349 [X3. 1 5.12 4.45 1.21
Sphyrna zygaenna IGPS112350 3. 2 4.41 3.80 1.09
Sphyrna zygaenna IGPS112351 3. 3 6.28 3.51 1.24
Carcharodon carcharias IGPS112352 3, 1 32.35 38.98 10.01| T3R8, STiREERE
Squalus sp. A IGPS112353 [X3. 4 3.34 2.13 113[3&= 0 —BRAaRIE
Squalus sp. A IGPS112354 3, 5 4.34 3.00 1.37
Squalus sp. A IGPS112355 4.59 2.69 L1253/ OREE
Squalus sp. B IGPS112356 [X3. 6 3.04 2.56 L10pRE IR —EB R IE
Squatina sp. IGPS112357 (3. 7 — 4.75 3.55|siR > 38
Squatina sp. IGPS112358 [X3. 8 4.56 2.83 211 EERERIE
Dasyatis akajei IGPS112362 3. 9 2.35 1.68 1.61
Dasyatis akajei IGPS112363 [X3. 10 3.03 1.89 2.19|EIR—EB 48
Dasyatis akajei IGPS112359 [¥3, 11 2.35 1.93 2.30
Dasyatis akajei IGPS112360 X3, 12 1.59 1.85 1.45
Dasyatis akajei IGPS112361 [X3. 13 2.16 1.72 1.62
Myliobatis sendaicus IGPS112362 X4, 1 24.23 5.18 5.37
Myliobatis sendaicus IGPS112363 [X4. 2 18.24 3.77 4.28
Myliobatis sendaicus IGPS112364 4. 3 22.94 3.51 3.97|—#&BXRiE
Myliobatis sendaicus IGPS112365 X4, 4 — 427 477D R4E
Mpyliobatis sendaicus IGPS112366 X4, 5 15.42 3.16 2.07
Myliobatis sendaicus IGPS112367 4. 6 33.43 425 5.17
Myliobatis sendaicus IGPS112358 14.08 3.06 2.05
Myliobatis sendaicus IGPS112359 — 3.86 439|¥ D R1E
Mpyliobatis sendaicus IGPS112360 13.31 3.74 2.53| 48
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X2 BOOBRNEWEBL SEL LIRESE(EA [no. 1-13]
1. Carcharodon carcharias Linnaeus, 1758 (IGPS112352). Ts&8E, a. =@IE, b. E@/IE. 2-4. Carcharhinus leucas

Miuiller & Henle, 1839 (IGPS112334-112336). L£%8tE, a. =@M, b. F@I®E. 5, 6. Carcharhinus cf. longimanus
Poev, 1861 (IGPS112338,112339). _L#¥EtE, a. =@, b. HEIE. 7-9.Carcharhinus sp. A (IGPS112340-113342).
%88, a. BEImE, b. HMAIE. 10-12.Carcharhinus spp. (IGPS112344-112346). %88, a. =EIm, b. HA/@E.
13. Carcharhinus sp.B (IGPS112343). %888, a. &AIE, b. H/m.
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Family: Sphyrnidae < 1 E7H A%
Genus: Sphyma > 2E® V7 AB
Sphyrna zygaena Linnaeus, 1758
OV aE'IHA
ZAZES 1 IGPS112349-112351
(3. 1-3)

soE: SRS TERIDXF)IE CEGAL. BRIE TIETFET,
FRE IO INNCERET 5. &R AINMEL . SO
OGS BICIERIFER LV, JEOEIERRTOROIC
BRI LEEcE Cldh I MR VRS, £z, mOE&idh
BRI 5. HEOEEITEESICHD 28RS V 2]
BENLTEDERMIICHDREEBEELTNS.

Class: Lamniformes X = AR
Family: Lamnidae X = AF}

Genus: Carcharodon KRV AT AB
Carcharodon carcharias Linnaeus, 1758
RARIOY X
EARES 1 IGPS112352
(2. 1)

B L TEER CHS. BRAECIEFHET, HAm TR
T5. mRERONEBHERL, RERNEAEICR TEEY
5. WEIEHAT THEN=/FEMT. £l ERIEmE
EEHEV. BAmETIEFFmEAL, SAmETIEEE< FET 5.
Class: Squaliformes ' ./ X H
Family: Squalidae Y./ A #}

Genus: Squalus /A B
Squalus sp.

EARES 1 IGPS112353-112356
(X 3. 4-6)

SoE . ESEERE THEEORKRAIETERL. WuElEERES
FEROEOEIREN S5 S, ERBE IR MINEE, §E
BIEETE LR, ERBEDOEIERRHN S AiFICH T T
PRMEGY, BOMKIFESBELCT, EESSICVZERIOY)
BONFEYT S, —H, HEOERFOETIEESHEED.

FIEAE CIEEBOEERIREO R EICIRET 5.

Class: Squatiniformes A X AR
Family: Squatinidae A X%
Genus: Squatina 71 AY A&
Squatina sp.
RS D IGPS112357, 112358
(3.7, 8
SCEL  bEESE S TEEEOXAIE TELL. EiRIERIRTE
RICIBILC, FHETHAS. Ffz, BAEFTRTEEOER
ERNERAICIRET 5. WElEAEEXNHC, HRIEEAIN
PREHT S, o, WEOELE - ROKE BICHERIE

FELGL.
Class: Myliobatiformes ~EI - H
Family: Dasyatidae 7L %}
Genus: Dasyatis 7 HIZA B
Dasyatis akajei MUller & Henle, 1841
ThHIA
EAES | 4 X IGPS112359-112361,
AR 5 1GPS112362-112363
(FA K3, 11-13; AR K 3. 9, 10)
SCE L T HIA DEIEIEREIC K > TN RS (Taniuchi
and Shimizu, 1993). A XD ClE, L5EEE T5EHIEXAY
TEHFV. WEEXAEIGBEOHN TEERMNAL THS. W
REEIFLHIEC, FRNRERT 5. BwRIEZZRIC
TY, ERINES. AADETIE, REEIGLDEOHRIC
EVWAAFTHS. wmEXR@IEBESHCH, BEICELST
BEAIC NI 5. o, mEHAIEICIFHBVEDNFET 5.
BARIE ZRRICE Y, BRINES.

Hatai et al. (1965) TE2&E SNz’ I A Lb8#E Dasyatis
cf. akajei DEFIE b &I A8 Myliobatis DERRTZ LIEHIN
THY (EEEFD, 2000 ; # 50 HEYHAZER, 2002),
COWE{LED, EHET HIA D. akajei DEDRBH S D
IEeiRE 5%,

Family: Myliobatidae b E I %}
Genus: Myliobatis tEIAE
Myliobatis sendaicus Hatai, Murata & Masuda, 1965

EAES 1 IGPS112364-112380
(FPoRpg - X 4. 1-6; Al - X4, 7-11; Bt - X4, 12)
FoEl - EFEERE THEEORAIETERL. REAEIEESH
TEM - BAOEESMNDEMNICEBRLTNS. K1,
HOBRINEEVNAEE TS Y, RAFHEV. REEOR
EETICH LKWA-5ETH 5. mBIEEIRT, 10 mm &
e 9-14 K, BEAAFBANETICHVWERELSDY, &
AINRES. £fc, BAETE, ®WIBEREEERT KE
HICFITEREEZEZSD. —7, AROREHIZEET,
FRIFABETHS. DEICREEE FITEENFET
5. ERIF12KDEENDY, BANRES. £z, B
B CIEREED—IRICDEL. RIERIE &I Myliobatis
tobijei [ICLB D, WEEDEE OB <, M. tobijei &
XElENn5.

MES
Class: Myliobatiformes  ~EI A H
Family: Dasyatidae 77/ L%}
gen. et. sp. indet.
ZAES 1 IGPS112381, 112382
(4. 13, 14)
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soE BEESISERAMICRVEAL, KTERAFTHY,
EBRITMELRS. BRMIERFT, BATEIARS, BRICH
TR TS, e, BENISERICHIFTHOIHITEL
TWa.

fEFE

Class: Lamniformes X=X AR

Family: Cetorhinidae 7/ \tf XH}

Genus: Cetorhinus 7/ \Y' A8
Cetorhinus sp.
EARES | IGPS112383
(X 4. 15)

EEE C AERIEEHERNTESY, HEHAIABEEL TS,
ffe, FEREATI S AIIVNRERT S, HIMNITZEL,
K CHENAELZD. FERTIEEREDOHADEL L
fo. BEBIFMEICL > TREETPERHEG DD, VAT
X% Cetorhinidae IFBRDFREZE RS T EHDSEETNS.

E#k

Class: Myliobatiformes  ~EIAH

Family: Myliobatidae ~ETIZAF

Genus: Myliobatis ~EIAJE
Myliobatis sp.
EAZES 1 IGPS112384
(4. 16)

SLEL C ARG - BEERWVNTWNS. BET, Eimic
B> CHEK 55, BECIEEREL, RRICKENFTT 2.
B KmICmb > ORV. ERIEFRROMICEY, BA
ICED 2 TV, HHRICIFERBICAD > THE  SEEIR DR
o, EETIEFRELS, BATTOTMITNEL.

BEOMERBHLAEEDEH,
RUGERBEDETT

L RBEDIER

FAETEH LEOOBNREEIC RS, ERNO LD
RIS FO O RME I NIRBAELAREE, KU, '’
FORIAFRICER T HIRBEFEAR 3, NUK3 IR
Lfc. 758, Hataietal (1974) TEE SN fc Carcharodon
megalodon |, SEIFHESRINGEL DT

EBEOOBTIE, TTMRTEEHINEEZED, 8K 8RB
R BORBEHIESR N .. TNETRERIANVE THiES
N5 EQEH olz A2 A g Carcharhinus H 4 FLRERE
ICKBIENTe. E£ie, 7/\Y AF Cetorhinidae, Y /4
& Squalus, 131 AT AR Squatina, RUEIC L DHEDET 1
T |8 Dasyatis DAL, BOOBL SR EHE 5D, Kt
EATIEENREDEEFEICHR T 2SEBBHEBRE (F
EEHHE) I TULARE (I8 - Ffs, 2016) ST

T ofeAA A OT X Cn. leucas BEDOBH SHI&D THE
TEINfe. TNIEERD EEBBHFFFE—FIEFTRICHITS
i CHH 5.

IRERR L ABEDN T IR

A2y AR Carcharhinus (n=15), KRR OF AE
Carcharodon (n=1), FEIA @ Myliobatis (n=17) DR
HFEDEIL, ARE—IEICHTTOREERT (#ELIEH,
2001). fRAC, 33 L tBe#&E Carcharhinus cf. longimanus
(n=2), YA 2TV A Sphyrnazygaena (n=3) &L >
TENFRBICERT 2@HAER LT ED D, HFKDR
ADH ST ENRBEND. THILEDOEDHRERE,
ROEREAICLSHRERITEBENTHS.

£, BOOBORBENMARSIF, REORIEET
HONZHENGEAFHORBERE (KEIEDH, 1987)
CIEEGS. Thabb, RAEORILBRRE—HEEICE
B9 %3+ UH X Prionace glauca, % X = A Lamna
ditropis (3t ECIEKRFER CTH 5. £z, B B DELBE
TIRBEBYAERFICEDH T ARBEADS B, 7/ X
#l Cetorhinidae (n=1), 7AHI A8 Dasyatis (n=5), 2
TV T AR Sphyma (n=3), ./ X8 Squalus (n=3)
DIELHRTHBH—H T, BECTIEFAT RBHIICHTT
BT B ATOY AR Carcharhinus (n=15) A, ~EIA
B Myliobatis (n=17) ICRWTZW. BICAF AT DO X
Cn.leucas (n=4), ITLLLEAFE Cn. cf. longimanus (n=2)
SR~ EETIHORETBICOT T AT A THS (Ebert
etal,2013). Th&V, HEDO"BOODE" L, HFKD
MAZRITTORRICDHT 2EAKEC oD, WEDR
FERBELVEBRGEERDNRAT KL H o &N
TEENS. L, BoOBREKICESHESYMEa ik
BEtah o aREETICOVTERL DY, EE550%
ERCOLRBEERECHENINL28) IBHAHERE (B
it o BLIZA, 2000 ; 55, 2005) LB &, REEFED
SIREMEL. i, BRICKSABKEBOREA HIR,
1990) (CLX>C—ERDRBHARTE (FIZL, A 2FT X
Galeocerdo cuvier) &> TEELDSWRIETHOefcd
CHERENS.

Aoy avig, NERRRERCAGNMELNT, T
TERRERELAGNDTMNCEHRT S WHR, 1990). TSI,
AFAEM K UK 450 km LB (Site 436 : 39° 55.96'N, 145°
334F) OEFRAPTHEE NIz DSDP O7 DR REIEEH
(Td-SST) Ic&B &, MENREREIELE R ER AR
ERES5NS (Koizumiand Yamamoto, 2012,2013). 7z,
BOOE L S & EHHEHERMMOIEM LA EL LT
Wa (TR - FH, 2012). ZOIEMLAEEICEEENS
T+ 8 Fagus |\ DWT, IREFRED T F Fsieboldii (FAHE
MK DK 150 km EaADRBER/VEILICHBREZEL DT 05
(EMIED, 1989), BOORB EEHHERE Lo URFIEIRTED
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4a 4b
ap
"il'g? 1'llifb
N R4 8b
A 10b  10c 'a' ’

2a"l!!L“1!i: 1"" aq'lilﬁ“i}c
E—

la

3a 13b 13c

X3 BOORRKERERL SER LIcREFREA [no. 1-13]

1-3. Sphyrna zygaena Linnaeus, 1758 (IGPS112349-112351). t§, a. = il @, b. & {4 m. 4-6. Squalus sp.
(IGPS112353-112355). ®g, a. =@, b. &HImE. 7, 8.Squatina sp. (IGPS112357,112358). #4, a. =MfImE, b.
FAIE. 9,10. Dasyatis akajei Miiller & Henle, 1841 (IGPS112362,112363). X AMDtE, a. HEIE, b. &AM, c. AIE.
11-13. Dasyatis akajei Miller & Henle, 1841 (IGPS112359-112361). # AMwE, a. EHEE, b. &@I@E, c F/m.

[

5 mm
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11 12b 13b 14b
’ Sglen, S

I cm

4 BOOEENBMEEDL SEH LIREEEE [ho. 1-16]
1-6. My//'obat/s sendaicus Hatai, Murata, & Masuda, 1965 (IGPS112364-112369). 8, a. B &M@, b. HEE. 7-11.
Myliobatis sendaicus Hatai, Murata, & Masuda, 1965 (IGPS112373-112377). {ItE, a. &M, b. EEM@. 12.Myliobatis
sendaicus Hatai, Murata, & Masuda, 1965 (IGPS112380). &i#eth, a. &M, b. EEME. 13, 14. Dasyatidae gen. et.
sp.indet. (IGPS112381,112382). #&f#, a. B m, b. fAIm. 15. Cetorhinus sp. (IGPS112383). #24E. 16. Myliobatis

sp. (IGPS112384). E#k, a. M, b. BEE.
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Carcharhiniformes

Scyliorhinidae

Galeus sp.

[e)

Scyliorhinus sp.

Triakidae

Galeorhinus sp.

Hypogaleus sp.

Mustelus manazo

Triakis scyllium

(e](e]

Hemiprists elongata

[ Hemipristis serra

AB

Carcharhinidae

Carcharhinus u]mnm

IC

Carcharhinus leucas

Carcharhinus longimanus

[e](e]

Carcharhinus p/umbeus

7Ce

ABC

Carel /mrhmm SD.

AB

Galeocerdo cuvier

o|o

Prionace glauca

Sphyrnidae

Sphyrna zveaena

Sphyrna_sp.

O|0|0

0

2 is ferox

7Odontaspis cf. incurva

*Odwmmpm cf. vorax
o —

(e)e]

gen. et. sp. indet

Cetorhinidae

Cetorhinus maximus

Lamnidae

Carcharodon carcharias

(e](e]

BC

[o](e]

7C

(o](e]

O|o

AB

(](e]

FCarcharodon rondeleti

ABC

FCarcharodon sagai

ABC

(e](e]

Carcharodon_sp.

Flsurus eschaeri

lsurus hastaris

Isurus oxyrinchus

0|0

0|0

Isurus paucus

(e](e]

Flsurus retroflexus

Isurus sp.

Lamna ditropis

Lamna_sp.

[¢

FParotodus benedeni

s Sp.

O|0

sp.

istio s
| Rhinopristiformes

Rhinidae

sp.

Squalid.

Squalus suckleyi

Squalus sp.

O| |O|ojojo

Dalatiidae

Dalatias licha

Isistius sp.

Squatina sp.

o

M’andunus sp.

gen. et. sp. indet.

O| |olojo

Myliobatiformes

Dasyatidae

Dasyatis akajei

Dasyatis matsubarai

0|0

Dasvatis sp.

O

Rhinopteridae

Rhinoptera_sp.

O

Myliobatidae

FMyliobatis sendaicus

Myliobatis sp.

[e)

[e)

Rajiformes

Rajidae

Raja schmidti

(@

BEXH

L3 A (2000)
4 (2005)

F3% (2016)
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HiHE (1988)
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(1991)
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KR (1932)
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iR (1990)
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5 ERICHIT B ERTFHM—EMROTZ SRR CAE. EESIER 3 ICHIET 5.
FEH

ETORIEL VBB THA I EHNTEEINDS. RHIET
BonfwmiBEtaiiElx, RO AELREBENTH
Y, BEGEFRENEEREYEL S NEREMEIC
BLTWBTENMBRD. 2L, BEOOBHLSIEERR
ERbaEtE, NUBOOEFPEICLEN, BRREREA
PIEMta, RURBECAEEIGEGNICER T ST &
H5, BROEEILERN TCIEEL, BiENEsnThH>
TCRIREMENNE Z 5N B.

L ERNTz& 51T, "BOOADME " IZNEKDRAT B0
fﬁ?ﬁégtbﬁﬁﬁkEﬁﬁﬁb%iﬁ*ht EJr
A O A8 Carcharhinus DE5EE TOEE (FITA A A
2O A Cn. leucas DEEH) KV, BEROREN"BOOADE"
AEEHETRERELTHY, P EE—BNICIFREDSR
IERAAFE KV RBEGEFREICE > T\ T EHRE
Thiz.

BE AT AR T ORI B ARARETIE, BAHE
ICEAWZRE (BOOn#E) N EHEL, TNETEDOE
e - EREABEENSERIEHRL, BEORILHAR
B L UESEBLELEENTUVED, RAKICLY, LT
DHIENIF SN

(1) BOORE (RLESBPIFM—TEEHR OFE8 At
fE (X8) BLORIKNEWEE b‘b 51 EARDOREE(LA
HDEHEL, SRI8E 12EICAE - nELK

(2) Aot AR Carcharhinus | 4 T REFEIC DB S
n, ./ AR Squalus, 71 XY A& Squatina, 7 /N
A # Cetorhinidae {t A, XU BEREIC 7 3 I A |8 Dasyatis
ICAETCERILANER N, £z, A4 XTOFX
Carcharhinus leucas |\ ZER D _EEFHFTHE— N EFTHRD S IE
HIECERE 755,



EHRILETI

(3) WERB b EBERNT, NUKETMEDOMEICLY,
BOODBITAFE—TEICHNT TOERE THEKDTRAD
HoleTENETREENZ. T, On leucas BEG AV O
A8 Carcharhinus NEZET 2T &, RUKLITHEDIE K
Y, "EOODE " RUBECIIEROEER 2T CRER
R - BEEREBICE S EEBEAFEEL W T AR E
nre.

HEF

KRXEHET BICHI>TC, WWEREFOELM—
KIIFBOOBHL SEE LIcARY X8 Squatina v A% &
BLTVEW 2EERFRBYEORRE—KICIE
HEOFEE, RURXAEICBVTHEEL TV V.
2EEAFHREDOFEMRAERICIIRXERICEZBL T
WefeE, ZLDBRGAAY Vi< LB
CORBENLAICET 2XmEREL W EW . &,
RIAFHREFZMBEOSIBILFK, HERIIBALE

MEOBERARICE, BFRLTCVRLLEE, FRAXNOE
BELBERVREVE.
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