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Therelationshipbetweenthetoothsizeand
totalbodylengthinthewhiteshark,

Qz沌加”伽〃cα"加加s(LamnifOrmes:Lamnidae)

SHIMADA,Kenshu*

Abstract

Therelationshipbetweenthelleightoftoothcrown(CH)andtotalbodylength(TL)inthemodemgreatwhite

shark,C"℃〃α”伽〃""/i""S(Linnaeus)(Lamnifblmes:Lamnidae)isexaminedusingregressionanalyses.The

resultssuggest: 1)thatanincreaseintheCHofeachtooththroughleplacementisproportional totheincl℃asein
theTL,2)that theCHcanbeusedtopredicttheTL,and3) thatdistallylocatedteethdevelopftlsterthl･ough

l･eplacementcomparedtomesiallylocate(lteeth・Acomparisonwithpreviousdatasuggeststhatthe"growthratei1
betweenthecrownandrootisperhapsnotisometric.Thesedatacanbeappliedtopaleontologicalpractices

Keywords:dentition,elasmobranch,growth, lamnoid,molphology,variatioll

dataonmorphologicalvariationarestill scarcefOrmost

elasmobranclls・ Somehaveexaminedintraspecific

variationofoneol･afewselectedteethquantitatively,bui

noneofthemevaluatedthedentalhomologycritically(e.9.,

Applegate,1965;Randall,1973).Indeed,theinabilityto

1℃cognizehomologousteethacrossconspecificindividuals

hashamperedinvestigatorstoconductrigorousanalyseson

Introduction

Thepresenceof intraspecificvariation in tooth

morphologyisknowninvariouselasmobranchs・Common

examples(otherthanpathologicol･abllormal teeth; e.g.,

Gudger, 1937)includeonescausedbysexualdifferences

(e.9.,Springer,1966;KajiuraandTricas,1996)andones

byontogeny(e.9.,Reif,1976;Shimada,2002b)However,
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RepresentativeupperandIowerdenialseriesoimodem9reatwhiteshark,Caﾉ℃hamdOnCalCﾉ7a"as(mesial totheleit; labial
vieiv)ToolhtypbS:A,upperanteriortooth;a, loweranteriortooth; I upper intermediatetooth;j, IQYverinie[mediele!99thiL,
uppdrlateralt66thil,IOweilateraltooth.lllustrationtracediromUyenoandMatsushima(1979,fig.2); toothtypeidentilication
basedonShimada(2002a).

Fig.1

ReceivedOctobel･4,2002;AccepにdNovember5,2002

*EnvironmentalScienceProgramandDepartmentofBiologicalSciences,DePaulUniversity,2325NorthCliftonAvenue,

Chicago, Illinois60614,U.S.A.;andStembel･gMuseumofNanll･alHistory,FortHaysStateUniversity,Hays,Kansas
67601,U.S.A.

－28－



2002a)．Then, therelationshipbetweentheCHandTLwas

examinedusingregressionanalysis(leastsquaresmethod;

simplelineal･regression,y=a+bx,whereaisthecollstant

andbistheslopeoftheline;x=CHinmm;y=TLincm#

(Y =0.05i fol･ statis[ics, seeZar, 1996). Thenul l

hypothesisisTheCHdoesnotl)redictthe'n.,

suchvariations.

The recognition ofhomologous teeth across

macrophagous lamnifbrmsandamongindividualsofeach

macrophagous lamnifbrmspecies(Shimada,2002a)has

openedupanewavenue toexamine their teeth

quantitatively.Here,Ifbcusonthedentitionofthemodem

greatwhiteshark,CaγcAα"do"cαγcII""s(Linnaeus).

Equippedwithlarge,triangular,serratedteeth(Fig.l),C

鯉沌ﾙ"ifZS(LamnifbrmeS:Lamnidae)isthelaIgestmodem

macropredatoryshark,which iscosmol)olitan intempel･ate

andtropicalseas(CompagIIo, 1984)Theoljectiveofthis

studyistoexaminetheontogeneticl･elationshipbetween

[hetoothsizeandbodysizemC.C"℃ﾙ""".

3.Results

Table l lists theresultsoftheregressionanalyses(see

alsoFig.2). All reg'･ession linesshowapositive

coITelationTheslopeofthelinesgenel･allyincreasesfrom

mesiallylocatedtee[htodistallylocatedteethforboth

upperandlowerdental series. All lineshaveahigh

correlatioI1coefficient (r>0.914)andahighstatistical

significance(p<0.001).2.Materialsandmethods

Dentalmeasurementsweretakennoml2jawsamplesof

non-embryonicCαγC〃αγ0"0"""ﾙαγ"S, eacllwitha

knowntotallength(TL:Appendixl)Tenofthemarea

part ofGordonHubbel l col lection (GH: JAWS

Intemational,Gainesville,FIol･ida). Theodlertwosamples

arehousedintheNamralHistoryMuseumofLosAngeles

CoImty(LACM),CalifOmia,andScl･jpps lnstitutionof

Oceanography(SIO),LaJolla,CalifOrnia. Theheightof

toothcrown(CH=themaximumverticalenameloidheight

onthelabialside)ofl2upperteeth(Al-A2,Il,andLI-L9)

andlllowerteeth(al-a2,il,andll-18)ineachsamplewas

measured(Appendixl5 fOrtoothtypes,seeFiglifor

additionaldentaldataofthesesamples, seeShima(la,

4.Discussion

Interpretationoiresults

Ahighr-valueandalowp-valuefOreachregression

analysis(Tablel)suggestthat,inC"℃ﾉ7〃り"""冗〃α"“、

theCHofanytoothcanbeusedtopredicttheTL(butsee

alsoMolleteialL [19961 fbl･discussiononmorphometric

variabilitymwhiteshal･ks). Apositiveconelationineach

regressionlineindicatesthatanincl･easeintheCHofeach

tooththroughreplacementisproportionai totheincreasein

theTL. Thegeneral increase intheslopeofregression

linesfrommesiallylocatedteethtodistallylocatedteeth

suggests that the ' '9rowthrate'! (throughrepiacement)of
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Fig.2.Bivariatescaiterwithregressionlinebetweencrownheight(CH)andtotalbodylength(TL)iorlheiirstupperanteriortooth(A1:
circle),secondupperlateraltooth(L2:square),andsixthupperlateraltooth(L6:diamond)inCaﾉ℃力amm"caﾉ℃/7a"s(n=12; for
measurements,seeAppendixliforstatisticsofregressionlines,seeTablel).

－29－



1.Regressionanalysesbetweentoothcrownheight (CH)andtotalbodylength(TL)among12individuaisofCa/℃ha"don
caﾉ℃ba"as(x=CHinmm[fortoothtypes, seeFig. 1] y=TL incmide9reesoi freedom=1,10). Statisticalnotations: r,
correlationcoeilicient;p,probabilityoiestimates;s､e.,standarderroroiestimates.

Table

F-ratioRegressionequation r S・epX

愉
炉
猴
炉
吟
猴
涯
炉
炉
炉
炉
炉
炉

ｅ咋
皿
江
皿
皿
皿
皿
ｎ
ｍ
兀
皿
ｎ
ｎ

ｐｐ
ｌ
２
１
１
２
３
４
５
６
７
８
９

Ｕ
Ａ
Ａ
Ｉ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ

24.150

21.799

39132

30.846

34.165

31.452

34.656

55.515

54.509

66.402

62.196

70．009

0.000

0.000

0000

0.000

0．000

0.000

0.000

0000

0.000

0.000

0.000

0000

581.542

716.006

215.284

352.591

285552

338746

277.245

101.940

106.109

68.243

79184

60.387

0”2

0993

0.978

0.986

0.983

0986

0.982

0.954

0.956

0934

0.942

0.926

5.234+11.522X

-2.160+12.103x

19．162+15.738x

5.540+14.197x

4.91 1+13.433x

0464+14.550x

5.569+17.658x

-5.778+26.381x

-71915+50205x

48.696+69.292x

-84.781+104.968x

-62.050+142.142x

ｈ
’
一
二
二
二
二
一
一
一
一
三
一
一
一
一
一
一

獣
ｙ
ｙ
ｙ
ｙ
ｙ
ｙ
ｙ
ｙ
ｙ
ｙ
ｙ

ｅ帥
皿
皿
皿
ｎ
ｍ
Ⅲ
ｎ
ｍ
ｍ
ｎ
瓦

ＷＯ
１
７
］
１
１
？
－
句
Ｊ
４
Ｐ
．
〆
Ｏ
〔
Ｊ
ｎ
Ｕ

Ｏ
Ｌ
ａ
ａ
・
Ｉ
１
‐
１
－
．
１
ｌ
、
Ｉ
１
１

38.528

50.849

51435

50.095

47､ 160

47463

52.625

53463

75.559

72.348

53．555

0.000

0000

0｡000

0.000

0000

0000

0.000

0.000

0.000

0000

0000

222.406

123.423

120.402

127.474

145. 119

143.141

1 14.572

1 10.696

50.428

55，910

1 10284

0.978

0.962

0961

0963

0.967

0.967

0.959

0.958

0914

0.921

0958

-8.216+14.895x

-7.643+13597x

10.765+17.616x

9962+17437x

1 .131+19.204x

-30.947+25132x

-51.765+35210x

-73120+55.262x

-1 17456+96.971x

-64.732+138350x

-137.593+231.411x

－30－



distallylocatedteethisgreaterthanthatofmesiallylocated

teeth， It is intriguingtonotethat theexactsametren(l is

seen inthemodernshortfinmako,JS"γ"SO〃γ”C〃"s

Rafinesque,which iSanotherlamnidspecies(Shimada,

2002c).

Gottfried""(1996)studiedtllerelationshipbetween

theTLandtoothheight (crown+root)oftheA2 in

Qw℃〃αmdo"ca沌加"",althoughtheydidnotevaluatethe

dentalhomologyrigorouslyTheygavetheregression

equationofTL=-22.000+9.600x,wherexI泡ferredtolhe

toothheightoftheA2inmmandTLexpressedincm(n=

73;range=127-600cmTL;r=0.980). Thefact that the

slopeinmystudy(b=12.103;Tablel)isslightlysteeper

thanthat inthestudybyGottfi･ie(1""(1996;b=9.600)

maysuggest that thegrowthrate(throughreplacemel1t)

betweenthecrownandroot isnot isometric,butratherthe

1･ootmaydevelopslightlyfnsterthanitscrown. Ifso, at

least intheA2, therootmaybemorerobust inlarger

individualsthaninsmall individuals.Theincreaseinroot

heightmayincreasethesurfaceareafbI･ thetoothtoattach

tothejawcartilage.

withseITatedteeth. ApplegateandEspinosa-AmlbarrenaIs

(1996)illustrationofalarge!'C''"2(gWﾉりdo"tooth,whichis

168mmintotalheight,suggeststhat itsCHmeasures

approximatelyl25mm.Basedontwoassumptions,a

coI1servativeTLestimationispossiblefbr ''C''加増〃0伽兜

thatcal･riedthegigantictootll 1) that itrepresents the

laIgesttoothonthejaws(theAlol･A2);and2)thattheCH

ofthetoothhasthesamesizerelationtotheTLastheCH-

TLrelationshipsinmodemC""〃αγiIzS.WhentheCHof

l25mmisappliedto(heregressionequationfOl･ tlleAI

andA2(Tablel),theTLof'℃UIP 1"昭"/OdO"withsucha

toothisestimatedtobeaboutl445cmandlSllcm.

respectively. MyeStimatesal･eslightlylowerthanthe

estimatedTLofGottfriede/αﾉ.(1996;1590cmTL)This

maybeduetothepossibledifferenceinthe !Igrowthrate'!

betweentheCHandrootheight(seeabove).Nevertheless,

myresultandthatbyGottfriedetal.(1996)suggest that

largei℃.''"agrz/b(iO"measuredapproximatelyl4-16mTL.
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PaleontologicalApplications

Lamnifbrmsarecommonmthefbssil record,but they

arerepresentedchieflybyisolatedteeth(e.g.,Cappetta,

1987). Oneoftheextinct lamnifbnns isthe"megatooth!!

shark, ''C''加恕"lbdolz(Agassiz),whichischaracterizedby

gigantic、massiveteethwithserratedcuttingedges lts

gene㎡cassignmenthasbeencontroversial, someplacing

thetaxonintothegenusCI"℃〃"0d0"Miillel･andHenle

(e.9.,ApplegateandEspinosa-AmlbaITena, 1996;Gottfried

""1, 1996;Purdy〃αﾉ6,2001),whileothersintothegenus

Cα"""0CJ@SJordanandHannibal(e9.,Cappetta,l987;

Goto,1989;YabeandHirayama,1998).Thediscussionof

itstaxonomyisbeyondthescopeofthispaper・ ThuS, the

taxonisherereferredsimplyas''C''"昭9n/0(ib".Whereits

teethreach l68mmintotalheight (i.e,crown+root;

ApplegateandEspinosa-Arrubarrena,1996),IheTLof''C'!

"zEIzﾉ0(iO"hasbeenscrutinizedforalongtime(e.g.,

Randall,1973).Usingthetotaltoothheightofl68mm,

Got[fried〃α/. (1996)estimated theTLofthe !'C. !'

"zggnん伽〃as l590cmbasedontheil･regressionequation

fortheA2ofthemodernC"℃〃”℃(io"c"℃"""S(see

above).

RegardlessofitStaxonomicplacement,usingthemodem

C"〃〃α〃"aSamodel toinfbrtheTLof'℃,洲加増〃0"0"

is logical,becauseC.""""i"s is thelargestextant

macrophagous lamnifbrmandtheonlyexlant lamnifbrm
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Appendix1

Examinedspecimens(withTL,sex,andlocalitydata)andcrownheightofeachtooth(inmm;fbrtoothtypes,see

Fig. 1;valueinparenthesis=estimatedmeasuI･ement).

LACM39474-I(165cmTL;male;CalifOmia,U.S.A.),rightdentalseries:Al,14.5;A2,14.8;Il.l0.0;Ll,

12.3; L2, 12.5;L3, 11 .9;L4,9.8;L5,7.liL6,4.8;L7,3.3;L8,2.3jL9,1.3;al,13.2;a2,(13.7);il,(10．5); 11,

10.1; 12,9.8; 13,8.6; 14,6.9;15,4.8; 16,2.7j 17, 1.5; 18, 1.2.

SIO55-95g(181cmTL; female;Califbmia,U.SA.),rightdentalseries:AI,(16.3);A2,(16.4);I1,ll.2iLl,

134;L2,(14.4);L3, 13.3jL4,(10.8);L5,8.81L6,5.7jL7,4.2;L8,3.0;L9,2.3;Ll0,1.6;al,(13.0);a2,(15.5);il,

(12.3);11, 11.0; 12, 10.7; 13,9.9; 14,7.4;15,5.3j16,3.4;17,2.5;18,1.7.

GH-Carl-01(272cmTLimaleiCalifbrnia,U.S.A.),leftdentalseriesAl,21.5;A2,22.35 11, 14.6;L1, 18.5j

L2,18.9;L3,17.9;L4,14.2;L5,11.3;L6,7.5;L7,5.2;L8,3.5iL9,2.4;L10, 1．3;a1, 18.2;a2,20.4; i1, 158i 11,

14.31 12,(12.4); 13, 10.5; 14,8.4; 15,5.75 16,4.3; 17,2.2; 18, 1.7

GH-Carl-02(170cmTL;male;CalifOmia,US.A.),rightdentalseries:Al,13.5;A2,(135);11,9.5;Ll,10.9;

L2, 11.2;L3, 10.5;L4,8.7;L5,6.3;L6,4.6;L7,3.2;L8,2.3;L9, 16;L10, 1.3;a1, 12.8ia2, 13.3; i1, 10.2;11,9.4;

12,92; 13,7.7; 14,6.3j 15,4.6; 16,3.3; 17, 1．9;18,14;l9,0.8;II0,0.5

GH-Carl-06(125cmTLimale;Califbrnia,U.S.A),rightdentalseries:Al, 10．8;A2, 10.2; 11,7. l:L1,8.5;L2,

9.9;L3,9.7;L4,72;L5,5.7;L6,4.0;L7,27;L8,2.1+L9, 1.6;L10, 1.5¥a1,7.9;a2, 10.1; i1,7.9; 11,6.8; 12,7.0;

13,6.8; 14,5.6; 15,3.5i 16,2.4; 17, 1.5j 18, 1.0; 19,03

GH-Carl-08(523cmTLifemale;Califbmia,U.S､A),leftdentalseries:Al,47.3;A2,44.5ilI,33.8;LI,38.0;

L2,41.5;L3,38.0;L4,31.7;L5,23.6;L6,10.3;L7,8.5;L8,5.8;L9,3.3;Ll0,1.6;al,33.2;a2,34.3511,28．4; 11,

28.4; 12,27.8i 13,22.3j 14, 16.2; 15, 10.7; 16,6.2; 17,4.8; 18,2.8; 19,2.8.

GH-Carl-09(282cmTL; female;FIorida,U.S.A.),rightdentalseries:Al,23.8;A2,22.5+11,17.2;Ll,18.5i

L2,20.8;L3, 19.6;L4, 16.51L5, 1 1．1;L6,8.3+L7,5.1;L8,3.9;L9,2.6;a1,20.3;a2,21.7; i1, 16.31 11, 15.6; 12,

13.4; 13, 12.4; 14,9.5; 15,6.6; 16,4.7i 17,2.2; 18, 1.8.

GH-Carl-1 1 (474cmTL;male;FIoI･ida,US.A.),1･ightdentalserles:AI,44.0;A2,42.7ill,33.7;Ll,35.7;L2,

38.2;L3,35.5iL4,29.7jL5, 19．4;L6, 11.5jL7,6.7;L8,5.6;L9,4.2;al,36.7;a2,42.3;il,32.4; 11,319; 12,29.3;

13,23.3; 14, 17.5; 15, 12.1i 16,76; 17,3.9; 18,2.8; 19,2.0; 110, 1.5.

GH-Carl-13(379cmTL;male;FIorida,U.S.A),rightdentalseries:Al,33.0;A2,31.3jll,22.4;L1,26.3;L2,

27.1;L3,24.9;L4, 19.3iL5, 11.6;L6,7.7;L7,5.4;L8,4.5;L9,3.3;al,25.6;a2,28.5;il,23.5jll,21．0; 12, 19.8;

13, 162; 14, 116; 15,7.6; 16,5.5; 17,4.0; 18,2.7; 19, 1.7.

GH-Carl-l4(554cmTLifemale;Australia),rightdentalseries:Al,48.3jA2,46.6;II,34.7jLl,41.3;L2,

42.9;L3,40.0;L4,31,5;L5,21.1;L6, 14.0;L7, 10.4;L8,5.9;L9,4.9;a1,41.3ja2,45.5; i1,35.2; 11 ,34.1; 12,

30.1; 13,24.8; 14, 18.7ｳ 15, 1 1 .3; 16,6.5; 17,4.1i 18,2.7j 19, 1.9.

GH-Carl-15(554cmTL; female;AlIstralia),rightdentalseries:Al,43.6;A2,42.2;I1,29.6;Ll,35.7;L2,

36.8;L3,34.0;L4,28.5;L5, 196;L6, 12．2;L7,781L8,5.4;L9,3.81L10,3.6;a1,34.7;a2,36.2; i1,27.3i 11 ,

27.0;12,25.8;13,20.0; 14, 14.6; 15, 10.4; 16,6.0; 17,3.9; 18,2.8; 19, 10.

GH-Carl-19(594cmTL; female;Australia),rightdentalseries:A1,48.8;A2,48.2;ll,33.1;L1, 37.2j･L2,

39.5;L3,38.0;L4,30.3;L5, 19.0;L6, 11.7;L7,7.6;L8,5.1;L9,4.0;L10, 1 .8;a1,36.6;a2,39.5; i1,29.8; 11,

28.6; 12,26.5; 13,22.3; 14, 16.3; 15, 106; 16,6.0; 17,4.0; 18,3.0; 19,2.0.
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