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Comparative Study of Teeth from Naganuma Formation
of Middle Pleistocene and Recent Specimens of the Great
White Shark, Carcharodon carcharias from Japan

Teruya UyveEno* and Yoshiaki MATSUSHIMA

Abstract

Three fossil shark teeth of Carcharodon carcharias ( Linnazus) from Naganuma
Formation of Middle Pleistocene bed were compared with series of teeth from
an Recent adult (male, 3.9 m in total length) and an young (male, 1.7 m) of the
same species.

Methode for taking data for studies on individual and ontogenic variations of
shark teeth were presented for future studies of many nominal species of the

genus Carcharodon.
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Fig. 2 Seventh tooth of the upper right jaw of Carcharodon carcharias, showing the points

used for taking measusements.

Left : outer surface, Right: inner surface, Middle: anterior view.

a-b :length of crown at outer surface

a-b’ : length of crown at inner surface

a-c : distance between apex of cusp and posterior end of crown base

a-g .
d-f : width of root

distance between apex of cusp and anterior edge of crown

F A XF Family Lamnidae

i v aHF )l Genus Carcharodon
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Fig. 3 A : A portion of the cutting edge on which the number of serrations is counted as 8.
B : First tooth of the lower right jaw of Carcharodon carcharias (170cm 1)), showing

the lateral cusps.

Carcharhinus sp. (Pl 1, 4A, 4B)
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Table 2.
1. Carcharodon cavcharias large sp. Upper jaw, right
u1 u2 u3 U4 us u6 u7 us U9 (VR KON VI N V1 A U e
front edge 51 48 38 50 44 45 41 34 20 16 14 9
Number of
serrations “rear edge 52 50 45 40 41 41 31 26 19 15 10 6 0
Total 103 98 83 90 85 86 72 60 39 31 24 15
front edge 38.6 40.0 30.1 37.0 36.5 36.6 31.0 23.7 17.0 11.0 7.6 4.9 3.3
Length of [
cutting edge‘rear edge 38.4 38.1 32.8 3l.1 32.3 32.4 26.6 19.1 13.6 9.6 6.4 4.0 3.1
(mm)
Total 77.0 78.1 62.9 68.1 68.8 69.0 57.6 42.8 30.6 20.6 14.0 8.9 6.4
Crown length inner side 31.4 31.8 25.9 29.9 27.5 27.8 22.8 16.3 11.1 140 3.8 2.4 1.7
(mm)
Crown width inner side 29.1 31.2 29.8 31.0 31.3 31.4 28.2 22.7 17.6 13.511.0 6.6 4.9
(mm)
2. Carcharodon carcharias large sp. Lower jaw, right
L1 L2 L3 L4 L5 L6 L7 L8 L9 L1o  L11
front. edge 44 54 42 40 38 31 24 21 14 10 7
Number of [
serrations ‘rear edge 44 44 40 35 37 27 22 16 10 8 7
Total 88 98 82 75 75 58 46 37 24 18 14
front edge 29.3 31.2 26.0 25.7 25.5 22.4 16.1 12.0 8.6 4.3 5.4
Length of [
cutting edge‘rear edge 28.9 29.6 24.9 25.1 24.4 21,0 15.2 11.6 7.5 3.4 4.7
(mm)
Total 58.2 60.8 50.9 50.8 49.9 43.4 31.3 23.6 16.1 7.7 10.1
Crown length inner side 21.8 23.4 19.7 20.5 19.6 17.8 11.6 7.6 5.0 2.2 2.8
(mm)
Crown width inner side 22.6 23.8 21.8 22.4 21.9 20.2 17.5 14.8 11.4 6.0 7.9
(mm)
3. Carcharodon carcharias small sp. Upper jaw, right
U1 U2 u3 ua U5 ué u7 us U9 uio uit o u12
front edge 26 28 20 23 26 23 20 17 14 10 = -
Number of [
serrations ‘rear edge 23 26 19 20 19 18 18 15 9 T = -
Total 49 54 39 43 45 41 38 32 23 17 - -
front edge 14.6 16.3 12.5 14.5 16,6 14.4 12.4 9.3 11.2 5.0 343 2.9
Length of
cutting edge‘rear edge 13.6 16.1 10.8 11.8 13.4 12.8 10.5 7.6 10.0 4.0 2.5 1.8
(mm)
Total 28.2 32.4 23.3 26.3 30.0 27.2 22.9 16.9 21.2 9.0 5.8 4.7
Crown length inner side 11.8 12.4 8.6 9.8 10.3 10.0 8.3 6.0 3.7 3.1 2;1 1.6
(mm)
Crown width inner side 11.4 12,0 11.2 12,9 12.6 11.9 10.0 8.0 6.2 5.1 3.6 3.1
(mm)
4. Carcharodon carcharias small sp. Lower' jaw, right
L1 L2 L3 L4 L5 L6 L7 L8 L9 Lo Lm
front edge 27 26 25 20 19 16 10 - - = =
Number of [
serrations ‘rear edge 27 26 19 19 15 16 10 = - - -
Total 54 52 44 39 34 32 20 - = = =
front edge 13.6 14.8 11.5 11.9 10.9 9.8 8.3 6.0 4.5 2.9 1.8
Length of [
cutting edgelrear edge 12.3 14.7 11.4 10.0 10.1 8.9 7.2 5.1 3.6 2.2 1.6
(mm)
Total 25.9 29,5 22.9 2149 ZL.0 A8.7 15.5 FL.I 81 54l 3.4
Crown length inner side 11.7 11.4 9.0 8.4 8.0 7.1 6.6 3.6 2.5 1.5 1.6
(mm)
Crown width inner side 9.0 9.6 8.6 9.5 9.5 8.2 6.9 5.0 4.3 2.9 2.3
(mm)
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Figs. 4 and 5. Number of serrations on the anterior and posterior cutting edges of teeth on
the right jaw of Carcharodon carcharias. Black circles represent upper jaw teeth, and
open circles represent lower jaw teeth. Numbers near or within circles indicate the
position of the tooth on the jaw, from anterior to posterior. The total length of the
specimen used for Fig, 4 is 390cm (), collected off Motobu, Okinawajima, The to-
tal length of the specimen used for Fig. 5 is 170 cm (), obteined at a fish market
in Yahatahama, Ehime Prefecture, Shikoku,.
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Figs. 6 and 7. Distance between the tip of the cusp, and anterior and posterior ends of the
crown base of teeth on the right jaw of Carcharodon carcharias. Black circles repre
sent upper jaw teeth, and open circles represent lower jaw teeth. Numbers near or
within circles indicate the position of the tooth on the jaw, from anterior to poster-
ior. The total length of the specimen used for Fig. 6 is 390cm (&), and 170cm (4)
for Fig. 7.
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Fig. 8 The large specimen of Carcharodon carcharias (Loc. Motobu, Okinawa)
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Fig. 9 The small specimen of Carcharodon carcharias (Loc. Yahatahama, Shikoku)
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Plate 1 Fossil shark teeth form Naganuma Formation of middle Pleistocene bed.

1.-3. Carcharodon carcharias (X 2), 4. Carcharhinus sp. (X 2)

A

)

inner surface; B, outer surface.

Plate 2-5 Carcharodon carcharias. A set of tooth from a male (3.9m in total length).

A and B, upper jaw teeth; C and D, lower jaw teeth; A and C, inner surface; B

and D, outer surface,

Plate 6-7.

Carcharodon carcharias. A set of teeth from a male (1.7m in total length). A

and B, upper jaw teeth; C and D, lower jaw teeth; A and C, inner surface; B and

D, outer surface.

Plate 8. Molluscan Fossils from Naganuma Formation, Nakouyato (Loc. 1), Naganuma,

Yokahama,

1.  Suchium costatum (Kigngr), X 1.

2. Cryptonatica janthostomoides ( Kuropa & Hape), X 1.

3. Neverita (Clossaulax) reiniana ( Dynker), X 1.

4.  Nassarius (Zeuxia) caelatus (A. Apawms), X 1.

5. Siphonalia modificata ( Regve), X 1.

6. Siphonalia modificata ( Rggve), X 1.

7. Inquistor jeffrejsii (E. A. Swmitn), X 1.

8. Saccella gordonis ( Yokovama), X 2.

9. Striarca (Galactella) interplicata ( Grapav & King), X 2.
10.  Chlamys farreri nipponiensis ( Kurona), X 1.

11.  Pecten (Notovola) albicans maganumanus Yokoyama, XO.5.
12.  Pecten (Mizuhopecten) tokyoensis ToxuNaGa, X 1.

13.  Crassatellites nanus ( Apams & Rerve), X 1.

14. Cyiladicama cumingi (Hanpey), X 2.

15.  Lucinoma concentrica ( Yoxovyama), X 1.

16.  Placamen tiara ( DiLwy~), X 1.

17. Myadora yokoyamai ( Otuka) Hape, X 2.
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Table 1.

Geographic|Bathy-

Species names ) %ocaéifiei duTﬁEng;?n mi;;é: 5237;22+ Japanese names

Gastropoda
Calliostoma shinagawense cipangoanum YOKOYAMA £ = ® | (26-35) [(NI=-3) [(fS)
Suchium giganteum naganumanum OTUKA - - . 31-36 NI S FUyAFY3"
Suchium costatum(KIENER) [ J = e 5| =59 N1 S FHat
Lissotesta sobrina (ADAMS A.) e | - = 33-35 fEaga" =
Cryptonatica janthostomoides (KURODA & HABE) ® | - ‘ 31-42 NI-2 S.mS y"avh"A
Neverita (Glossaulax) reiniana (DUNKER) e | - ® 25=35 NI-3 sM NTWAZ
Neverita (Glossaulax) didyma (RODING) ® | - = 0 -42 NI S mS WARN"A
Tonna luteostoma (KUSTER) ® = = | 0222-39 NI-3 G.S.mS Pwzoh"A
Tonna sp. [ = = o
Semicassis sp. [ = =
Mitrella (Mitrella) bicincta (GOULD) - = ®| 0 -4l NO- | R8s LF"N

Onustus sp.

Nassarius (Zeuxis) caelatus (A. ADAMS) - . 0 -35 NI=-4 S.mS.sM NFovoh"v

[ ] "’ e o o
1

KING)

Cymatium (Reticutriton) tenuiliratum (L] SCHKE) - - 31=35 NI-3 5 Th"zR"M Y
Siphonalia modificata(REEVE) ® | 33-35 NI=3 fS.mS.M | BIHK"5
Siphonalia spadicea(REEVE) = ® 33-39 N4 S.mS.sM 2192Y
Cancellaria (Sydaphera) spengleriana DESHAYES = | @| 0 -39 NI=-3 S.mSM J00"A
Tnquisitor jeffreysii (E.A.SMITH) @ | o -4 NI-3 5.mS =S
Inquisitor (Pseudoinquisitor) pseudoprincipalis = = ®| (o -36) |[(NI=-3) [(mS.sM) hyrzEZI"R"S
(YOKOYAMA)
Lophiotoma (Lophioturris) leucotropis (ADAMS & ® = - 22-35 NI-2 fS.mS 23" F N
Tomopleura quantoana (YOKOYAMA) S = = ®| (31-42) |(NI-2) [(S.mS)
Pseudoetrema fortilirata (E.A.SMITH) - - ® 31-38 NI=-2 S.mS vz ez
Odostomia (Odostomia) hilgendorfi (LESSIN) ® = &= 34-42 NI S AUALIFFL
Ringticula doliaris GOULD & = [ ) 34-42 NI-3 S.mS.sM IADISIY
Turbonilla sp. [ ] = =
Pyrunculus phialua (ADAMS A.) e - - 34-43 NI-4 S aU?"hﬂfgﬂ"{
Adamnestia japonica (ADAMS A.) o| -| - 29-35 |NI-4 B S 99"9773%73
Scaphpoda
Dentalium (Paradentalium) octangulatum . - ‘ 0 -42 NI-2 mS LAY IR,
hexagonum GOULD
Dentalium sp. ® = =
Pelecypoda
Nucula(Lamllinucula) tokyoensis YOKOYAMA - - ° 34 (NI-4) |(S) Ier=on=p"4
Saccella gordonis (YOKOYAMA) ® &= = N3-4 sM A"
Anadara (DZiluvarca) tricenicosta (NYST) - - © 0 =35 N2-3 mS Na"oEH"T
Anadara sp. A ® - -
Anadara sp. B ® - -
Cucullaea lobiosa granulosa JONAS o - - 0 =35 NI-4 mS XIA"L
Savignyarca virescens (REEVE) e - - 12-36 NO- I R.gR nuntRIN"A
Striarca (Galactella) symmetrica (REEVE) ® - e 14-39 NO-1 R.gR Z=THh"
Striarca (Galactella)interplicata (GRABAU & = ® . 25-35 NO-3 R.mS.sM 33P2==IA"A

Chlamys nobilis (REEVE) 31-35 NO- 1 R ¥

3]1-42 NI=3 S.gR PA"IZUF

Chlamys farreri nipponensis KURODA

Pecten (Mizuhopecten) tokyoensis TOKUNAGA

k
. ®| (31-35) | (NI-4) | (S) roFahaFn" A
o

Pecten (Noyovola) albicans naganumanus [ ] tg =35) | (N1=3) | (S)
YOKOYAMA

Limatula vladivostokensi SCARLATO e -| - N2-4 M EATFN" 2" A
Anomia cytaeum GRAY @ o o -2 NO- | R.gR.sh | F=98"u9
. Monia umbonata (GOULD) = - ® 25 35 Nl-4 B| R.gR.sh =il Tk s o
Crassatellites nanus (ADAMS et REEVE) . ®e| | 25-35 NI-3 mS . sM ZA"LEDAN"A
Cyeladicama semiasperoides NOMURA 2 -| @ 33-35 NI=-3 mS.sM LIAN"R
Cycladicama cuming? (HANLEY) [ ) = = 23~35 NI mS . sM A"
Lucinoma concentrica (YOKOYAMA) e | - = 31-41 NI-2 sM vFEh"LER"E
Pillueina (Pillucina) pisidium (DUNKER) ‘ = ®| 22-4| NO- | S.mS.sM IAINTH"A
Pillucina (Sydlorina) yamakawai (DUNKER) e | - - 31-35 NI S PSOAINTH"A
Mysella oblongata (YOKOYAMA) = -| @ 34-42 NI-3 sM FLVEAY R
Clinocardium (Fuscocardium) braunst o | - = ISR

(TOKUNAGA)
Fulvia mutica (REEVE) e -| © 12-41 NI-3 sM hun"4
Dosinia (Phacosoma) japonicé (REEVE) e| o - 31-42 NO- | mS.sM hnt=nt
Circe yokoyamai OTUKA - -] e 0 =35 |Ni-2) |(s5) 33P95540" 1
Callista chinensis (HOLTEN) @ | | -39 NI S 29PT02Y
Placamen tiara (DILLWYN) . -| @] 0O -35 NI=-2 S NFTh"A

Anomalodiscus (Veremolpa) minutu (YOKOYAMA) = [ ] 3:1=37 Nl-4 B| S.mS.sM PF"PHCAN/IPYY

Anomalodiscus (Veremolpa) micra (PILSBRY) ® & = 33-35 NI mS.sM EAHIIPYY
Glycydonta marica (LINNE) ® = - 0 -28 NO-2 S.M A 2Py
Paphia (Paphia) naganumana OTUKA ® = ®| (31-39) | (NI-3) |(S.mS) Z3"un"f
Clementia vatheleti MABILLE e| -| ®| 33-39 NO-3 mS.sM JAIN"A
Notirus Zshibashianus (KURODA et HABE) ® = ® 33-39 NI R YESEONIE
Hiatula sp. ® = -
Azorinus abbreviatus (GOULD) ® - . 0 ~-35 NI-2 mS.sM A"yo"y Pt
Angulus vestalioides (YOKOYAMA) () = [ ] 14-42 N2-3 sM JEYY" 5
Solen sp. [ = =
Cryptomya (Cryptomya) busoensis YOKOYAMA ® - = 34-43 NI M EARZAR"A
Caryocorbula (Anisocorbula)venusta (GOULD) = = @ 31-42 NO-4 B| S.mS DFNZ
Myadora yokoyamai (OTUKA)HABE | -| @ (33) (N) (sM) raM"unat"sn"A
Cuspidaria (Cardiomya) gouldiana HINDS = - e 3 I=55 Ni-4 B[ mS.sM ExvvooN"(
Explanatory notes
Frequency .:abundun+ , @: common . Geographic distributio N.lat.: North latitude in western side of the Pacific Ocean.
Bathymetric range NO : tidal (intertidal) zone, NI :euneritic zone, from low tide mark to 20-30m deep, N2 : mesoneritic zone
from 20-30 to 50-60m, N3 : subneritic zone, from 50-60 to 100-120m, N4 : bathyneritic zone, 100-120 fto 200-250m, B : bathyal
zone from 200m —. Bottom sediment gR : gravelly rock, fS : fine sand, M : mud, mS : muddy sand, R : rock, S : sand, sM :
sandy mud, sh :attatched on shell. Ecological data are quoted from Kuroda & Habe (1952), Oyama (1973). >

Locality | : NakouYato, Naganuma (this paper), 2 : Kaigarazaka, Naganuma (Matsushima,!977), 3 : Kaigarazaka, Naganuma (Oyama,
1954) . .





