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Excavation Report of Pliocene Fossil Cetacea from the Kakegawa Group,
Kamisaigo, Kakegawa City, Central Japan
—Elasmobranch Fossils—"

Kenji YOKoyAMA®, Masahiro SHIBA® and Tatsuya SHINMURA?

Abstract

In the Cetacea fossil excavation at Kamisaigo in Kakegawa City, Shizuoka Prefecture, in October-
November, 1999, and August-September, 2000, forty-two fossil teeth of elasmobranch specimens were
discovered from a sand bed in the Tenno silty sand Member of the Dainichi Formation (Upper Pliocene)
in the Kakegawa Group. These fossil teeth of elasmobranchs were classified into eight families, ten
genera and twelve species, and all specimens are described in this paper. This fossil assemblage of
elasmobranchs consisted mainly of the genera of Carcharodon, Carcharhinius and Myliobatis, which are
characterized by coastal - offshore species of the warm current ocean. This fossil assemblage of
elasmobranchs is diffierent from the assemblage of the Dainichi sand Member of the Dainichi Formation
that is characterized by coastal species. This Carcharodon - Carchavhinius - Mvliobatis assemblage
resembles the fossil assemblage of the Nakatsu Group in northern of Kanagawa Prefecture, which
consisted mainly of the genera Cetorhinus, Carcharhinius and Mbyliobatis. The resemblance of these
assemblages in the Tenno silty sand Member and the Nakatsu Group is due to the resemblance of the
sedimentary environments. The difference between the genera Carcharodon and Celorhinus in both
assemblages is due to differences in the sea water temperature between the Kakegawa area and the

Nakatsu area.
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%35 LEebic, ZORBBILEREDRHETRL,
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i 25 BFE¥EN S L T EYENEBTbI T
X7, #hooWEicix, T4(1928), #1925,
1950, 1963), MAKIYAMA (1927, 1931), #&[l]+3K
Z (1957), TSUCHI(1961), UJIE(1962), #1716 (1980),
A (1986), NOBUHARA (1993), 4&iEH» (1996,
2000) & ERDH S,

B THEALEE I, AERO=8REEE & PP
OREEHE-EE 28 & LT, - o
HIERE A3 5 (S&1E», 2000), SiED
(2000) 1 XhuE, HIER EBEE, Thiss b
NHREEKHRE, LARE»S%Y, KARE
BAHWEEREY )V VEWE»S 25, KHREME

IE W% & @ th

OHEFERZ, THO ENEHRAE EBCRET 55
BEHEXILIKE L L0 REO TFEICERET 2K
IWIKED 7 4 v & a> b7y 7 FRHSSHIBATA et al.

(1984) WK X->THESNLTVT, HiFEH2.310.5
MaThb, HEHN.9+0.4dMak w32k, +4
& A 01duvai subcron (C2n & 1.95-1.77Ma)
1275 Z = (YOSHIDA and NIITSUMA, 1976) #»
5, BLZ2MakFzohb,
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Fig. | Locality map. A : index map, B : the location of the excavation site (black circle with arrow) plotted on
1:25000-scale topographic map of Japan, Quadrangle "Kakegawa”, Geographical survey of Japan.
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Fig. 2 Geological columnar section of the Dainichi
Formation around the excavation site. Arrow indi-
cates the horizon of the excavation site. a: mud, b :
sand, c: sand layer in mud, d: mud clasts, e : shell
remains, f: barrows.
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Fig. 3 Measurement points of the Elasmobranchs
remains (modified from Goto, 1970). RW : root width,
TH : tooth height, RD : root dimension, CW : crown
width, LaH : labial height, LiH : lingual height, CD:
crown dimension.

B (1980), KIB-1£HE (1999) DEFICH LT
TRk 3 2., WEREEE ORI AT, Bk (1970)
i Lizhio7z (Fig. 3), SREFIREDHD TEOLEA
2T, FHAIE £ Table Licd, BAES 2 HTE
R¥EHREMVEOERHES T, NHMT-0o ek
thdsample No 3 FEHFEIC 351 2 GURERIGE 5 %
Y, ARTCEK L BRI, BEEAFEEREMY
fEICRESIhTn3,

Class Chondrichthyes #H fa4i
Subclass Elasmobranchii i i i
Order Heterodontiformes # 24 XH
Family Heterodontidae # 24 X F}
Genus Heterodontus # 2 X &
Heterodontus sp.
{0 8l
A : NHMT-V224 (Fig.4-1)
ACH - AL, WEHIEREL T2, EEOH}
Bk, B TREAR 22 L, EHlfE - EHliE
THFAROBELET 20 CHIEKICHEE Lz, &
I AR TIET 5. #EOBETHIZEREHS
WML <, AP ABAEOBREHEICES NS EHO
LB VBETER W, BIRONMERRAES
235, WREEMZIZEALEFETH S,

Order Lamniformes # A 3% £AH
Family Lamnidae # A 3 £ F}
Genus Isurus 7 4 W A&
Isurus paucus GUITART MONDAY, 1966
INT T XY A
AT
A I NHMT-V225 (Fig. 4-2)
RO ¢ AEA L, BIHRSERE SN oA EH
U3, WD OGHEIO Z < —EI3 BRI R L 72,
ABEROUEOIME iR A=A 428T 5,
B IR O b T S, Wl LR S B
CHECS %, WUIBKIEEEE A e <, SluvlgLs RSy
SWTHAFHIE THRET 2 2 Lo, mlhssr
5 IS TUIEDAHEBE = 2 2 [FB DL oxyrin-
chusDHIHE £ 11X, KATX 2, WROMNEREDH
RTHEEHCBH T 5700, VEREZLET 5, HHIH
TR, L v,
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Table | Measurements of the Elasmobranchs remains recovered from the Kakegawa Group in the
excavation site (modified from Goto, 1970). RW : root width, TH : tooth height, RD : root dimension,
CW : crown width, LaH : labial height, LiH : lingual height, CD : crown dimension.

Species NHMT- No. |Sample No. | RW TH RD | CW | LaH | LiH CD
Heterodontus sp. V224 090704 16,05 | 4.55 | 480 [17.10 | 2.85 6.90
Isurus paucus NHMT-V225 090617 16.95 | 35.20 | 12.80 | 10.15 [ 19.60 | 16.55 | 7.85

Carucharodon carcharias NHMT-V226 082602

35.75 | 50.50 ] 10.05 | 37.30 ] 38.50 [ 32.75 | 8.70

NHMT-V227 090307

34.75 | 53.35 | 9.10 | 31.95 | 42.40 [ 34.40 | 8.60

NHMT-V228 090604

25.25+| 49.50 | 8.20 ] 34.00 | 40.00 | 34.60 | 8.60

NHMT-V229 100801

23.50+] 33.10 | 25.10+] 5.25

NHMT-V230 090406

22.25 120.85+] 4.65 | 20.50 ] 14.55+|14.05+] 4.45

NHMT-V231 090609

25.35+| 44.70 | 7.65 |36.00 | 34.05 [ 29.70 | 7.75

NHMT-V232 090615

31.65 | 45.35 | 7.30 | 28.70 | 33.70 [29.70 | 6.90

NHMT-V233 | 99121901

10.60+| 19.65+| 18.40 | 4.15

NHMT-V234 082701

28.85 [ 33.55 | 8.00 [25.10 [25.60 | 20.40 | 6.95

NHMT-V235 090310

24.35 [ 28.70 | 7.25 |21.50 [ 20.00 | 16.65 | 5.95

NHMT-V236 100802

18.20 | 21.45 | 6.95 | 16.60 | 14.05 | 12.20 | 5.85

NHMT-V237 110601

17.15+{ 24.50 | 4.50 | 16.45 | 19.10 | 16.85 | 3.80

Hemipristis elongatus NHMT-V238 091305

16.05 |1 20.75 | 7.10 | 13.25 [ 15.10 | 12.95 | 4.85

Carcharhinus longimanus | NHMT-V240 090303

18.30 [ 15.65 | 3.55 | 17.45 [ 12.85 | 10.20 | 2.55

NHMT-V241 100602

19.65 | 14.90 | 4.20 | 19.05 | 10.05 | 4.20+ | 3.75

NHMT-V242 103001

13.00+]16.80+] 3.65 [11.80+]13.30+] 8.25 | 3.15

Carcharhinus altimus NHMT-V244 090306

940 [10.65 | 245 | 9.00 | 8.55 | 595 | 2.25

NHMT-V243 090305

7.10 | 6.50 | 1.95 | 7.10 | 5.10 | 3.85 | 0.95

NHMT-V245 090308

9.20+ | 12.65 | 2.70 |9.20+| 10.20 | 7.90 | 2.60

NHMT-V246 090501

10.15+] 11.05 { 2.75 |10.15+] 7.20 | 6.85 | 2.10

NHMT-V247 090702

14.40+| 1945 | 3.25 [13.35+] 1535 [ 10.55 | 2.70

Carcharhinus sp. NHMT-V248 090309

13.40 | 12.65 [ 235 | 11.95 { 9.70 [ 6.15 | 2.10

NHMT-V249 090402

3.90+ ] 5.55 [ 3.60 1.85

NHMT-V250 090405

2.20+| 440 [ 410 | 1.50

NHMT-V251 091301

885 | 815 | 240 | 865 | 640 | 455 | 1.80

NHMT-V252 091302

440+ ] 770 | 6.75 | 2.80

NHMT-V253 091303

10.45 | 10.10 | 2.50 [10.45 | 875 | 5.50 | 1.95

Galeocerdo cuvier NHMT-V254 | 091701 | 21.65 [ 18.00 | 6.20 [21.50 [ 14.15 [ 11.25 [ 4.85
Seyliorhinus sp. NHMT-V255 | 091306 | 3.90 | 475 | 1.65 | 3.90 [ 3.85 [ 2.70 | 1.05
Dasyatis sp. NHMT-V256 | 112601 | 235 | 2.75 [ 0.80 | 3.70 | 2.05 2.95
Myliobatis sp. NHMT-V257 | 091311 [17.95+] 5.15 [ 3.60 [19.70+] 2.80 4.40
NHMT-V258 | 091312 [16.40+| 5.80 | 3.10 [17.75 | 1.80 4.30
NHMT-V259 [ 091313 [ 20.60 | 3.95 [ 4.25 [22.65 | 1.60 6.45
NHMT-V260 | 100601 |22.10 | 4.80 [ 4.85 [24.40 | 2.60 5.90
NHMT-V261 | 100702 | 2535 | 5.05 [ 4.85 [27.05 | 2.85 6.05

Genus Carcharodon KK Y oW AE
Carchavodon carcharias (LINNAEUS, 1758)
i R w

Wt O

BEA I NHMT-V226(Fig. 5-2), NHMT-V227 (Fig.
5-1), NHMT-V228, NHMT-V229

aCil - NHMT-V226 13Ul F6 23 2 dEply 5 —ER g
HL T4, NHMT-V227 E NHMT-V228(3 st A8
BHEL Twa, NHMT-V229 38§ & 8550 BL K A3k
HLTwE NHMT-V226 ENHMT-V228, NHMT-

V2290 3 BAD WS, Sifan A=Ak

£9%. NHMT-V22710iE i, #0Hcgs < <
BiAL=fArET 5. ﬁ?@ﬁﬂﬁm i
ks %, HEMEIXIZIZVRERTH 5, U I3
<,%WW»@%@$W&$T%.NHMTN%G&

NHMT-V228, NHMT-V 22903 {5 & 35 0ok 13 18
WETH 25, NHMT-V227 Dt i3 vk Th
THIIZERD 2L, B TRYEHRTO T DI
Hi9 2, WRONEIE, SEALbCRAIELZET
%, BUEZIZIZEEGETHLOIEHNL, HHETE
F I+ 5, NHMT-V226 - NHMT-V228D
FAE e 21D O HFEFLOBE T

LS o

A : NHMT-V230, NHMT-V231 (Fig.5-3),
NHMT-V232

Ak : NHMT-V23013Uig o # b —HmHE L Tu
5. NHMT-V231 121 IZRLIEEFEShTWw 5,
NHMT-V23213YJig 0§tk & 50O e dio3—if
BAEL T2, HEDO/EIRMEAR L b IcSifAh =M
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Fig. 4 Elasmobranch remains from the Kakegawa Group in the excavation site.

| : Heterodontus sp., lateral tooth, NHMT-V224, x1, (la: lingual view, |b: labial view, lc: occlusal view), 2 : Isurus paucus
GUITART MoNDAY, 1966, lower anterior tooth, NHMT-V225, x|, (2a: lingual view, 2b : mesial view, 2c : labial view ), 3 : Hemipristis
elongatus (GOHAER et MAZHAR, |964), upper left lateral tooth, NHMT-V237, xI, (3a : lingual view, 3b : mesial view, 3c : labial view),
4 : Galeocerdo cuvier (LESUEUR, |822), lateral tooth, NHMT-V243, x|, (4a: lingual view, 4b: mesial view, 4c : labial view), 5:
Carcharhinus longimanus (POEY, 1891), upper right lateral tooth, NHMT-V239, xI, (5a: lingual view, 5b : mesial view, 5c : labial
view), 6 : Carcharhinus altimus (SPRINGER, 1950), upper right lateral tooth, NHMT-V242, x|, (6a : lingual view, 6b : mesial view,
6c : labial view), 7: Carcharhinus sp., lower lateral tooth, NHMT-V246, x2, (7a: lingual view, 7b : mesial view, 7c : labial view),
8 : Scyliorhinus sp., lateral tooth, NHMT-V250, x3.5, (8a : lingual view, 8b : |abial view), 9 : Squatina sp., |ateral tooth, NHMT-V251,
x2, (9a : lingual view, 9b : mesial view, 9c : labial view), |10 : Myliobatis sp., anterior tooth, NHMT-V254, (10a : occlusal view, 10b :
labial view, |0c : basal view), | | : Myliobatis sp., anterior tooth, NHMT-V253, (| |a : occlusal view, | |b : basal view), 12 : Dasyatis
sp., NHMT-V257, x4, (I12a: lingual view, 12b: labial view |12c: occlusal view), 13 : Caudal spine, NHMT-V258, x|, (13a: dorsal
view, |3b: ventral view)



Fig.5 Teeth of Carcharodon carcharias from the Kakegawa Group in the excavation site.

| : Carcharodon carcharias (LINNAEUS, 1758), upper left anterior tooth, NHMT-V227, x1, (la: lingual view, 1b: mesial view, Ic:
labial view), 2 : Carcharodon carcharias (LINNAEUS, 1758), upper right anterior tooth, NHMT-V226, xI, (2a: lingual view, 2b:
mesial view, 2c : labial view), 3 : Carcharodon carcharias (LINNAEUS, 1758), upper right lateral tooth, NHMT-V23I, x|, (3a : lingual
view, 3b : mesial view, 3c: labial view), 4 : Carcharodon carcharias (LINNAEUS, 1758), lower lateral tooth, NHMT-V235, x|, (4a:
lingual view, 4b : mesial view, 4c : labial view), 5: Carcharodon carcharias (LINNAEUS, |758), lower lateral tooth, NHMT-V237, xI,
(5a: lingual view, 5b: distal view, 5c: labial view), 6: Carcharodon carcharias (LINNAEUS, |1758), lower right lateral tooth,
NHMT-V234, xI, (6a: lingual view, 6b: mesial view, 6¢ : labial view).
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B2+ %, NHMT-V231 £ NHMT-V2320 8§ 13
NS < < D L, NHMT-V230 3 55 0]
whd S L. BEEHIE g gL, hRT
224, BAEIIZIZFETH S, YHBERIC
S RV OFEE A FEE ST 5, NHMT-V231 &
NHMT-V232D 00k & 308 X ERNTH 5,
NHMT-230 D30k 13 VI ZTERR & 22 355, & T
IR IS T T < B3 5, RO IMEIE 3 £
K bicRAWEET %, BUEIIZIZVEETSH S
DXL, FHHEIEE ISR IR Lt T3 IR
TH3,

TN

A : NHMT-V233, NHMT-V234 (Fig.5-6),
NHMT-V235 (Fig. 5-4), NHMT-V236, NHMT-
V237 (Fig.5-5)

Ak © NHMT-V233 i3 st = 83 5ef 5505 2 a4 2
LTwah, oK ZERScRAsFZon s
ETRIRZECHESATVLS, BEONE A
THRWEN=A423 %, FHCNHMT-V236
BTS2 9 I HE Wl R R ORI I % B,
NHMT-V234 0 85t i35 0l 55 < < . W0
B i ESEEE & 0 b < BERE T 5. EIE IR
WTHLH, YIEHICITM ., TV OFELFEE T
%. NHMT-V234 DO D 51355 < S FAh—7
REE, BOBENAICEIT 5. o 4 BRI
Lok & BOlME I ONANC B3 5. FFICNHMT-
V23613546 < @il 3 5. RO (2O g TR
I L, ~OFRERT 5, sREREIHI g
WhghE L, EEIE S IZIREETH S,

Order Carcharhiniformes £ Y o#AH
Family Hemigaleidae # =t L ¥ A%}
Genus Hemipristis #1= bt LW A&
Hemipristis elongatus (GOHAER et MAZHAR, 1964)
A<EVHAR

B

BEA  NHMT-V238 (Fig. 4-3)

AUk - EEOERSIAREATRER T 5, HHElE
wOMNE < . B o EH M R < Bk L, B
TlRbTrIciEiEs 5. MmYECiIAE < HegEE
2RO, DR VL S FA— TR E, BLET
ENENCBE T 5. EROIMZIZE O R TRl
BL, ~OFEEET S, EROEFHIMHC 3P0

fElEnFEL THB D, "MkELT, EBROEHT
IFEEONENCER L, MR%E 2T,

Family Carcharhinidae X ¥t A%}
Genus Carcharhinus A 0% A&
Carcharhinus longimanus (POEY, 1891)
= [ 4

et il

B4 NHMT-V239, NHMT-V240 (Fig.4-5),
NHMT-V241, NHMT-V242

sCik - NHMT-V2239 3000l 856k & eiR O — &8 A3
AL T2 %, NHMT-V 2401330 DTS o — 5
DAL T3, NHMT-V241 WA I BEEEDS R,
55, NHMT-V241iZ$tR OOl & @O o—
HoHEL Twa, WEEONEREEROR W F
A=A28ET 2, EEXEOCCEL . DOERE
MAIPFGWSFE A -7 22T 5, IO
T 5, YBICIEIRO b 0O X DO
O, Frctigh i X DO OB L % 5, B
OFERIE RS 2, BREHZIZZTFHETHL, &
i O WS VR 2R <. ROV IO
RTCHRMCHEIL, ~OFBEET 5. EWROEH
HiE5E < [T 225, B TREZVETH 2.

Carcharhinus altimus (SPRINGER, 1950)
NE v

-
A : NHMT-V243, NHMT-V244, NHMT-
V245, NHMT-V246, NHMT-V247 (Fig. 4-6).
20l : NHMT-V246 - NHMT-V245.%, VT« 5%
DRIERO—ESBHEL Tvw 3, WEOME IS
BEMAKAERT 2. NHMT-V2440O 858 13HE7 3 5.
NHMT-V247O 85 3 @m0 it 2, o
KOWT L, 3 < FOMNCER T 5, NHMT-V244
OMiYIgIE, ERNTH S, MOBEAOMTEIEE
BTH B DFHWSFEH — 7% { . NHMT-V247
DELEE, D2 BT 5, MOBARDE.LE
X, BT 5, YIS EAE S 0%
WERH AR, B IR TH S, ISR
T %, WS EME CHVFER 2/ < RO
BEOFRTHENCEIL, ~OFEELET 5,

Carcharhinus sp.

T
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BiAk : NHMT-V248, NHMT-V249, NHMT-
V250, NHMT-V251 (Fig.4-7), NHMT-V252,
NHMT-V253

S0k : NHMT-V249 NHMT-V250, NHMT-V252
FHEHEILDOAPEIFEENR TS, OB T HEE &
B L b I ESN L O, MR TFREZET 5,
WO A=A LEAL=A48 T
%, WS OEIC DT L 2, BT 5, Y
BRI A E 2 DE- LU #it %2>, NHMT-
V248D I F I ST A — 7 24 &, LI R
Oz gy < Bl 5. MOBERDIDLE & 5L
WEROTH 5, o Sl x5 < ik L, B
159 < M+ 5, HaS T E & B L i
E2RH<, BRONMEREAE2ET 5, WiRE
il e iR L, BAlmmIZIEIEFETH S,

Genus Galeocerdo 4 7 F % A&
Galeocerdo cuvier (LESUEUR, 1822)
47 FH A

A : NHMT-V254 (Fig. 4-4)
A0 AT O BEIRO—E IR L T b,
B IEE | B & 6K O BOLRIBE D & 72 5, FEWCHHIZ
RE {ELENCE S, FEREADID LB I Yl T
DL, MLETRUIEPRThOINITRY 127,
MibIEk & b Il LIRS T 54, BRI
TIEFEEL 2, B oD F W & ORI 3 o ]
Hixss < ke L, S Tl < BET 5, WO
MO R THENCEBIT 52720, ~OFKE
2735,

Family Scyliorhinidae 74 A%}
Genus Scyvliorhinus + 7 A&
Scvliorhinus sp.

A NHMT-V255 (Fig. 4-8)

ol AR TFRESE T 5. Ml 30 &G
e 1 fEoORIBED & % 5, EEEIXEOPLTE
L, bFPCELRNCBE L, BINEHIE FEBEROK
1/200KESTHY, WOZLETELS 5, Y]
113 T W Bl & b HElg s £, RHHR R T
#ET 5, WREEREE KX <, PSRN,

Order Squatiniformes # A% AH
Family Squatinidae & A% AF}
Genus Sguatina 71 AW A&

IE W% B B

Squatina sp.
BIA D NHMT-V256 (Fig. 4-9)
AR AEAGHE L EIRICIZIZ2 2EarnT,
B SR L T\ %, BE5ef (3 a8 o T e ¢
[E53Y, BkER L, BHlEPRTFAvroq F
BEASHRENCZEH T 5, KHEITMRW _EL=A
LT, e incE <, vigic &Rk,
HRIEACR T, FHAECEHT 5.

Order Rajiformes T4 H
Suborder Myliobatidoidei k&£ x 4 i
Family Myliobatoididae P &A1 §}
Genus Myliobatis M ExTAJ®

Myvliobatis sp.
A D NHMT-V257, NHMT-V258 (Fig.4-11),
NHMT-V259(Fig. 4-10), NHMT-V260, NHMT-
V261
Atk - NHMT-V253LA%0 5 BRA O HE e B & i D 7+
Ak e R+ 5, NHMT-V2580 8w &1 O
SO RTER A BT 5720, V
FRERT 2, BKEHEIEFHEHTH S, WIS,
MO TREIZEI DR EN S,

Family Batoidae 7 # x4 f}
Genus Dasyatis 7 71 A &
Dasyatis sp.

BIA : NHMT-V262 (Fig.4-12)
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Fig. 6 The Geographical distribution of recent Cetor-
hinus maximus and Carcharodon carchrias.
(modified from CompaGNO, 1984) The broken line is
the south limit of the distribution of Cetorhinus
maximus. a: the distribution of Cetorhinus max-
imus, b: the distribution of Cetorhinus maximus,
¢ : the mix distribution area of both species.
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