
JournalofFOSSiIResearchVOl35(I)､6-9(2002)化石研究会会誌

[OriginalReport]

Therelationshipbetweenthetoothsizeandtotalbodylengthinthe
shortfinmako,13"γ"soMW"cﾉz"s(LamnifOrmes:Lamnidae)

SHIMADA,Kenshu:

Abstract

Therelationshipbetweentheheightoftoothcl･own(CH)andtomlbodylenglh(TL) inthemodemshortfin

mako,ハ"γ"s"yr"2cIIzJSRafillesque(LamnilbImesLamnidae) isexaminedusingregressionanalyses. The

resultssuggest:1) thatanincreaseintheCHofeachtooththroughreplacementispropol･tionaltotheincreasein
theTL,2) that theCHcanbeusedtopredicttheTL,and3) that(lisIallylocatedteethdevelopfastel･ througll

replacementcomparedtomesiallylocatedteelhThelE,gressione(luationspresentedherecanbeuSedtoinltrlost
TLdatafbrmodemjawspecimensandpossiblyfbl･fbssil individualSofthetaxon.

enameloidheightonlhelabialside)oflluppel･ teeth(Al-

A2,II,andLl-L8)andlOlowerteeth(al-a2,il,alldll-17)

ineachsamplewasmeasured(Appendix#fbrtoo(htypes,

SeeFig. li fbradditionaldentaldataofthesesamples,see

Shimada,2002). Then, therelationshipbetweentheCH

andTLwasexaminedusingregressionanalysis(least

squaresmethodisimplelinearregression,y=a+bx,where

aisthecoI1stantandbistheslopeofthelineゥx=CHin

mmjy=TLil1cm;"=0.05i fbrstatistics,seeZar,1996).

Thenullhypothesisis:TheCHdoesnotpl･edicttlleTL

1.lntroduction

Theshortfinmako,心"γ"SoXyγ伽ch"sRafinesque

(Lamnifblmes:Lamnidae), that issaidtoreach394cmin

totalbody length(TL), isacommonsharkfound

worldwidecircumtropically(Compagno, 1984)． Jaw

specimensofI, 0X)'""C"Sarecommon inmuseum

collections,butmostofthemlacktheirTLrecol･ds. A

recentadvancement inidentifyinghomologousteethin

most lamniibImS(Shimada,2002)allowsanexamination

oftherelationshipbetweenthetoothsizeandTLinf

0Xy""cﾉ"S. Theobjectiveofthisstudyis toestablisha

wayto1irestol･e'1 lostTLdataonthebasisofdental

measurementsinl;oxwi"c/I"s.

3.Resultsanddiscussion

Tablelliststheresultsoftheregressionanalyses(see

aIsoFig. 2)Ali regressionlinesshowapositive

con･elaIion,suggestingthatanincrease intheCHofeach

tooththroughreplacement ispropol･tional totheincreasein

theTL. Theslopeofthe linesgenerallylncreasesfrom

mesiallylocatedteethtodistallylocate(l teethforboth

uppel｡andlowerdental series. Thisgeneral increase

il1dicateS thatdistallylocatedteethdevelopinSterthrough

replacementcomparedtomesiallylocatedteethasan

individualsharkgrows・Despiteal･athersmallsamplesize,

all lineshaveahigh(r>0.800)coITelationcoefficientanda

highstatisticalsignificance(p<0.002),indicatingthat the

2.Materialsandmethods

Eleven,non-embryonicjawsamplesofZ"yγ伽C""S，

eachwithaknownTLwereexamilled(Appendix). Two

arehousedintheNaturalHistoryMuseumofLosAngeles

County(LACM),CalifOmia,andnmeareapartofGordon

Hubbell collection(GH: JAWSIntemational,Gainesville,

FIorida),whichhasbeenreferredtoinseveral scientific

papers(e.9.,GruberandCompagno,1981;Randall,1987;

Hllbbell, 1996;Purdy側〃.,2001jShimada,2002).The

11eightoftoothcrown(CH=themaximumvertical
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Fig.1.Upperandiowerdentalseriesoishorliinmako ﾉSuIJsoXyrinchus(mesial totheleit; labiaIview;verlical line=

positionoiupperiawsymphysis). Toothtypes:A,upperanteriortooth;a, Ioweranteriortooth;I,upperintermediate
tooth; i, lower intermediatetooth;L,upper lateral tooih; l, Iower lateral tooth. lllu rationmodiliedfromCompagno

(1984); toothtypeidenlilicationbasedonShimada(2002).

toothtypeidentification isassumedtobecorl･ect, the

regressionequationfbrtheal(y=8.555+9749x;Tablel)

vieldstheTLofabout238cmfbrthefbssil individllal.

CHofanytoothcanbeusedtopredic【 theTLinf

oAZ)W"cﾉ"s.Thus,onecanusetheregressionequation(s)to

estimatetheTLfbrjawspecimenswithoutTLdata.

TheregressionequationsmayalsobelIsedtoinibrthe

TLoffbssill;oXyγ"zc伽"SindividuaIS,whicharecommonly

representedonlybytheirteeth(e9.．Purdy"",2001).

Forexample,Pur(ly""/b (2001) 1･eportedteeIhofPliocene

j;oAZW･"C/z"S,andoneoftheillustratedteethwasa11first

loweranteriortooth'' (=''al'';P'II･dy“αﾉb､2001, fig.25b,

USNM312443),whichhastheCHof23､5mm. iftheir
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Fig.2.Bivariatescatterwithregressionlinebelweencrownheight
(CH)andtotalbodylength(TL)forthelirsIupperanterior
tooth(A1: circle)andsecondupper iateral tooth (L2:

square) inﾉs"rusoXy"ncl7us(n=11;iormeasurements,

seeAppendix; iorstatisticsofregressionline､ seeTable

l)．
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Tabiel.Regressionanalysesbetweentoothcrownheight(CH)andtotalbodylength(TL)amongllindividualsofIsuﾉUsOxy"nc/7us(x
=CHinmm[fortoothlypes,seeFig. 11iy=TLincmidegreesoi ireedom=1,9}Siatisticalnotations: r,correlationcoefiicienl;

p,probabilityofestimatesis.e.,standarderrorofestimates

F-I･atloRegresSionequatioll p S･erX

Upperteeth

Al y=16.205+9.987x

A2 y=3.693+1 1 .463x

ll y=16,422+24.341x

Ll y=24.069+16.404x

L2 y=20.988+14.589x

L3 y=14.972+14.920x

L4 y=8.125+18.392x

L5 y=1.210+24.199x

L6 y=12.698+31.502x

L7 v=5.221+41 .165x

L8 v=5468+58758x

19717

17162

19.559

17.985

21.382

18､779

17.234

26.352

34.804

30.544

29‘792

176.605

235966

179.613

214.064

148･828

195.617

233.930

94.904

50.569

68.340

72295

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

().975

0981

0.976

().980

0.971

()978

0,981

0.956

0921

0940

().943

Lowerteeth

al y=8.555+9.749x

a2 v=3.596+9.466x

il v=20．916+14.103x

ll y=24.895+14.713x

12 v=34.842+15.568x

13 y=22.841+18.478x

14 y=-15612+26.431x

15 y=6.160+29.944x

16 y=-16.767+43.309x

17 v=58.524+41 .735x

17545

17.061

19.454

21 .988

27. 123

23964

15.354

21463

24.750

51710

0.000

0.000

0.000

0‘000

0．000

0000

0.000

0.000

0.000

0.()02

0.981

0.982

0.976

0969

0.953

0.964

0.985

0.971

0.961

0.816

225.393

238892

181660

140.239

89083

116.643

297054

147.633

108.780

17．985

Appendix

Examinedspecimens(withTL,sex､andlocalitydata)andcrownheightofeachtooth(inmm; fb1･ toothtypes,see

Fig. 1ウvalueinparenthesis=estimatedmeasurement)

LACM32667-I(351cmTL; female;caughtoffCalifOmia,U.S.A.),rightdentition:Al,34.4;A2,30.5:Il,

13.5:L1,20.4;L2,21 .8iL3,21.8;L4, 18.71L5, 15.8;L6, 1 1 .5;L7.8.5;L8,5.5jal,36.4;a2,36.7j i1,250; 1 1 ,

239; 12,22.7; 13,2015 14, 139; 15, 12.7; 16,92; 17,8.2

LACM39338-l(121cmTL;malacaughtoffCalifOmia,U.S.A),leftdentition:Al,l17;A2,10.7+Il,5.3;

L1,6.2;L2,73;L3,7.5jL4,6.7;L5,56;L6,4.6;L7,3.3;L8,2.2;a1 ､ 130;a2, 13.4; i1,8.7; 11,75+ 12,72; 13,

6.2; '4,5.4; 15,4.2; 16,3.5; 17,26.

GH-Isurl-05(198cmTL;male;caughtoffFlorida,U.S､A.),1･ightdentition:AI,17.9;A2,172;1I,7.2;LI,

10.2;L2,ll.7;L3,12.l+L4,10.3:L5,8.7;L6,6.6;L7,5.3;L8,3.2;al,179;a2,19.6;il,11.8ill,110;l2,10.0;

13,9.2; 14,8.2; 15,6.6; 16,50; I7,4.5.
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GH-Isurl-06(254cmTL;male:caughtoffFlorida,U､S.A.),rightdentitioll:Al,211;A2,19.6;I1．93;L1 ,

13．0;L2, 14.4;L3, 14.3;L4, 120;L5， 10．0;L6,7.2;L7,5.76L8,4.7#al,22.l;a2,236;il,15.5;ll,13.9;12,12.2;

13, 11 . 1i 14,9.2;15,7.1j 16,5.5; 17,4.3

GH-Isurl-07(320cmTL; female; caughtoffCalifbrnia,US.A),rightdentitiol1:Al 、27.4;A2,256; 1l,

12. 1;L1, 16.4;L2, 18.5;L3, 18.7#L4, 15.5;L5, 1 1.8;L6,8.0;L7,5.8;L8,4.2;al, (31.5)ia2,32.1; i119.0; 11,

17.7i 12, 16.6; 13, 14.6; 14, 1 1.6; 15,9.5; 16,7.4; 17,51

GH-Isurl-08(264cmTL;maleicaughtoffFIol･ida,U.S､A.),rightdentition:Al,23.3jA2,22.0;I1,10．4;LI ,

14.0;L2, 16.9;L3, 16.9;L4, 133;L5, 10.6;L6,87;L7,6.2;L8,4.3: a1,26.lia2,27.9: i1, 178; 11, 16.0; 12, 136;

13, 11.6; 14, 10.7;15,8.3;16,6.1;17,3.8.

GH-Isurl-12(274cmTL;female;caughtoffCalifOmia,U.S.A.),righlden[ition:AI,25.8;A2,22.5;II,8.9;

L1 , 14．9;L2, 17．3:L3,17.0;L4,14.3;L5,ll.6;L6,8.2;L7,7.0;L8,4.8jal,25.0;a2,26.8; i1. 16.5; 11, 15.3; 12,

130; 13, 130; 14, 112; 15,9.3; 16,6.7; 1752

GH-ISurl-14(183cmTL+ female:caughtoffFIorida,U.S.A､), rightdentition:Al 、 (16.0);A2,15.8; 11，70;

LI,8.9;L2,9.9;L3,11.0;L4,10.0;L5,8.4;L6,5.8;L7,4.9;L8,3.4;a1 , 17．6;a2, 18･5j i1 , 1 1 .0; 11, 1 1.3; I2,9.9;

13,9.3; 14,7.7; 15,6.1; 16,5.0; 17,3.6.

GH-Isurl-15(304cmTL; itmale;callghtoffFlorida,U.S.A､),righ[denlition;Al,316;A2,28.5;Il,12.6;

L1, 18.3;L2,20.9;L3,21 .0;L4,17.l:L5,(10.3);L6,(7.2);L7,7.1;L8,5.0;a1,31.8;a2,34.9; i1,21.5: 11, 19.7#

12, 17.2i 13, 15.2; 14, 12.6; 15, (9.6); 16,(6.5); I7,3.7.

GH-Isurl-17(277cmTL;malacaughtoffFIorida,U.S､A､),rightdentitionAI,27.8;A2,25.6;I1, 1 1 .6;L1,

16．9;L2,20.0;L3,19.6;L4,16.0;L5,1l.8;L6,9.0;L7,7.0;L8.5.2;al,29.0;a2,30.0;il,18．0; 11 . 18.6; 12, 17.1§

13, 138; 14, 1 1.76 15,9.0; 16,7.4; 17,4.7

GH-ISurl-18(76cmTLimale;caughtoffPuertoRico),righ[dentition:AI,7.7;A2,72;l1,2.4;LI,4.5;L2,

5.2;L3,4.8;L4,38;L5,32;L6,2.0;L7.l.5;L8,l.l;a1,8.9;a2,9.3#il,4.8;ll,4.7:12,4.3; 13,4.2; 14,(3.5); 15,

(2.9); 16, (2.5); 17,(1.7).
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