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DentitionofthemodernbaSkingshark,α加吻伽"s抑aX加況s
(Lamnifbrmes:Cetorhinidae),anditspaleontological

andevolutionaryimplications
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Abstract

Thedentitlonofthemodembaskingshal･k,CgjO'""S"z""""s(Lamnifbrmes:Cetorhinidae)consistsof

numerousrowsofsmall teeth. Itshowsaremarkableintraindividualvariationofteeth,particularlyattheanteI･ICI・

portlonoftheuppeI･jaw. Thewidevariationeveninasmall portionofanindividual suggests that tooth

morphologymaynotnecessill･ilybeareliablecharacterfbrthetaxonomyofextinctsharks, thatalEreplesellにd

moStlybyisolatedにeth. Theoccurrenceofpolal･ityswitchandtoothsplittinginitsdentitionsugJsts that

repeate(l loothsplittingeventsthroughevolutioncouldberesponsiblefbrthelaIgenumbel･oftoolhrows inthis
●

specleS.

Introduction

Thebaskingshark,α"戒加z鮒〃z""z(s(Lamnifbrmes:

Cetorhinidae;Fig. 1), isthesecondlaI･gestexIant6sh(next

tothewhaleshark,Rﾉ""'C"0""zMS:OrectolobifOrmes),

thatmayreach iSmormore intotal length(TL) (eg.,

Bigelowan(I Schroeder, 1953;Stead､ 1963) It isa

migratory,coastal-pelagIcsharklivingintemperateto

borealwatersnearlyworldwide. It isafilterfeeder,

openingitsmollthwidelywitha lowcruisingspeedand

strainingsmall fbodparticleswilhgili rakers(Matthews

andParker,19515FiglC) InthiSpaper,1tsdemal

morphologyisreviewed,aI1dsomenewdataconceming

theintraindividualvariationofiIs toothmol･phologyare

introduced・ Thedental informationoffers some

perspectivesinpaleomologicalpracticesaswellasinthe

evolutionofits(lentition.

巳
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Materiaisexamined

SharkspecimensinthefOllowingcollections inthe

U.S.A.arediscusSedinthispaper:AmericanMuSeumof

NaturalHistory(AMNH).NewYork;CalifbmiaAcademy

ofSciences (CAS), SanFranciscoiNaturalHistory

MuseumofLosAngelesCounty(LACM)、Califomia;

Fig.1.Modernbaskingshark,Ceわ"7/nusmaxﾉmus(A)andcIose-

upviewof ilsheadregionshowingpositionsofcephalic
skeletalelementsatrest (B)andduringfeeding(C)A,
afterCompagno(1984);B,compositesources:Pavesi

(1874, table2, fig.5),Hallacher(1977, fi9. 1),Compagno
(1981;14),andStevens(1987:60) Forsizeofthe
animal,seetext.
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Fig.2.Dentitionofmodembaskingshark,Ceわ巾〃7usmaximus(allmesial totheleft). A,mesiaipartoi leハupperjaw
(occlusaIview);B,upperdentalseries(labialview)iCcloseupviewofselectedupperteeth(numberindicatesthe
toothnumbercountedfromthesymphysis; labialview,exceptiortheiiitiethtoothrowwhichaIsoshowsdistaIview
twotoothseriesareshowniorthesecondioothrow);D,mesialpartoi leit lowerjaw(occIusalview)jE, lower
dentalseries(1abiaIview)ModeIspecimens:A-BandD-E,compositedatafromCAS2224andLACM39461-1;C,
LACM39461－1．

Intramdividualval･iationintoothmorphologyoccul･s in

CejO""Is7"""z@s(Hermane"ﾉ.,1993).Anedentulous

spaceispresentatandaroundtheupperand lower

symphyses(Pavesi,1874;Compagno,1990;Fig.2A).II]

theupl)el･jaw, thisspaceisfbllowedbyasmallgroupof

toot11 l･ows that isfollowedbyanotheredentulousspace

befbrereachingtherestofthedentalseries(Siccardi,1960;

Fig.2B). Thecrownofteethinthesmallgroupoftooth

rowsmaybecompressedlabiolinguallyandtriangular

(Blainvllle,1811;Bamard,1937;Gomon砿αﾉ., 1994)with

variableinclinationsmesiodiStally(Fig.2C)． Compagno

(1984)calledtheseteeth''anteriol･ teeth,''whichappearsto

behisbasisofstatingthattheteethofC"0戒加"s”2“"邸S

are''weaklydifiもrentiatedintorowgroupsI! (Compagno,

1990:367). Teethdistal tothesmallgroupoftoothrowS

becomesuccessivelymoreconical (Bamard, 1937)The

lowerteethareusuallylargerandlessconical thanthe

uppel･teeth(Kay, 1842). Lowerteetharemorphologically

lessvariablethanupperteeth(Fig.2).

Kunzlik(1988) noted thateach toothseriesm

C〃0〃2加邸s〃zα妬2加郡smaycontainmorethan lOOtooth

rows(cf.Siccardi,1960).ThetotalrowcountranJslOO?-

Scripps lnstitulionofOceanography(SIO),LaJolla,

CalifOmia;andGordonHubbell (GH)collection(JAWS

Intemational,Gainesville,FIoI'ida;e.9.,seeHubbell, 1996;

Shimada,2002) ThediscussedSpecimens incilldethree

jawsampleSofCE/0油加況S’"“"""Sh･omCalifbrnia:CAS

2224(TLandsex,unknown),LACM35876-l （641？cm

TL,sexunknown),andLACM39461-l(635cmTL;

female)Taxonomicnomenclatureofsharksfollows

Compagno(1999).

Dentalmorphology

C鉱0""""s""""Shasteeththatalesmall relativeto

thebodysize(Fig.2).Thecrowllisusuallyhooked-shaped

(Compagno,l984;SprinJrandGilbert,1976).Thecrown

pointslinguallywithsmoothmesialallddistalcuttingedges

(Sadowsky,1973;Walibrd,1935).Thecrownsurfacelack

stl･iations(Compagno, 1982), exceptnear thebase

(BigelowandSchroeder,1948),whichmayappeal･

i'tuberculatedi! (ScottandScott,1988)． Thel･oothaS

IImoderately long labial root lobes, smal l lingual

protuberances,andstrongbasalgroovesi ' (Compagno,
1990:367).
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Fig.3.Examplesoireversedteethandcrownsplittinginvariouslamniformsharks(mesial totheleit; labiaIview).A, left

upperteethoiCalcharodbncaicha"as(drawingbasedonUyenoandMatsushimal1979, li9.21);B, leitupperteeth

of /suuspaIJcus(GH-|sur2-09);C, rightupperteethoi Lam"anasus(GH-Lamnl-09; imagereversed);D, right
upper teethofPseudbcam/7a/bskamoﾉ7arai(GH-Pseudl-01: imagereversed);E, leftupperleethoiCa応/7a"as

掴uﾉus(AMNH79962SD);F, leitupperteethofOdbnfa"isielox(SIO80-255)5G, twotoothseriesinthethirty-
seventhuppertoothrowoICeわ"7jnusmaximus(LACM35876-1). Toothtypeabbreviations:A,upperanterior
tooth;I,upperiniermediatetooth;L,upperlaieraltooth(toothtypeidentificationbasedonShimada,2002)

131fbrtheupperdentitionandlOO?-139fOrthelower

dentition(Shimada,2002). Theserowcountsaremuch

greaterthanallothermodemlamnifbrmsharks(Shimada,

2002). Duetothe lackofdental bullaeandaccurate

occlusional infbl･mation(eg.,Fig. 2), toothhomologies

betweenα〃戒加3心加d"""JSandothermodernlamnifbml

sharksalでuncertain(Shimada,2002).

spomdicallyoccurringdentalabnormalities(e.g.,Gudger,

1937;Compagno,1967;Becker〃α1.,2000). Thereibre，

descriptionsofdentalvariation inmodernsharkSare

essentiai fOl･buildingafoundationfOrpaleontological

pl.actices.

LACM39461-l showsaremal･kablemorphological

variationofteeth,particularlyattheanteriorportionofthe

upperjaw(Fig.2C). Broad-baSedtriangularteethillthe

specimen(e.9.,teeth5-7andll-12inFig.2C)aresimilar

toteethofsomemacrophagousiamniforms, suchas

Aﾉ""s,lW""andRS"dOC"""γmsFbssilcetorhinids

areknownfi･ompost-Paleocenemarinedepositsworldwide

(fbrreview,seeCappetta,1987).However,thepresenceof

Iee1h that resemblemacrophagous iamniforms in

LACM39461-lwamSpaleontologists tha[overall tooth

moiphologymaynotnecessarilybeareliablecharacterin

de[erminingthetaxonomicidentityofextinctsharks

Discussion

Paleontologicalperspective

ThefOssil recordofsharksisexcellent,bu[mostofthem

arerepresentedby isolatedteeth. Theskeletonofsharks

consistsalmostentirelyofcartilage, soanentireshal･kis

rarelypreservedasafbssil・ Thus,paleontologistsmust

usuallyrelyonthetoothmorphologyofmodernshal･ksfbr

thedetermmatjonofthetaxonomicidentityoffbssil taxa.

Yet, it isnotuncommonfbrpaleontologiststoSuffel･ fi･om

thelackofreasonablecomparativedataonthedentitionsof

modemsharkS, suchas thedataonvarious intraspecific

toothvariation(e.g.,GruberandCompagno,1981;Raschi

"", 1982)aswell asonthe l･angeandtypesof

Evolutionaryperspective

Certainteeth incertain taxaalwaysshowmesial

inclinations(i.e.,''toothreversali!Se"s"Compagno, 1967)｡

suchastheupperintermediatetooth(11) inCa沈〃〃℃"0"

句
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IllinoisatChicago,andlamindebtedtoDBardack,L.

Grande,W.SGreaves,R.Plotnick, andT.Poulsonfbr

theil･guidance l thankthefbllowmgindividualsinvoIved

inilccesstosharkspecimens:B・BrownandR.A.Arrindell

(AMNH);D.Catania,T. Iwamoto(CAS);JSeigel

(LACM);H.JWalker,Jr. (SIO); andG.Hubbell (JAWS

Intemational). IalsothankthefOllowillgindividuals fbr

theirdil･ectand/ol･ indil･ectassistanceforthisstu(lyin

val･iousways:MGoto,K,Hubbel1,MAScheer,LK

Shimada.andH.Yabe

c”c〃αγ〃s(ApplegateandEspinosa-Arrubarrena,1996;

Fig. 3A). SuchcaseScanbecalled1'obligatetooth

reversali'. However, toothsymmetl･y isusuallyarather

IIfiexible'!lbatureinsharks.Reif(1980)demonstrate(lthat

the 1ipolal･ity''oftoothinclinationsmayswitch il1sharks

duetoasplitofthetooth"protogerm!1 througl1 injllry

Althoughonecannotascertainwhetherol･noteachcaseis

causedbyaninjuryoftoothprotogerm,polal･itySwitchand

toothsplittingarecommonphenomenainshark(lentitions

(e.g.,Compagno,1967;Reifl980).Atoothreversaldue

tosUchapolarityswitchcanbecalled!iflcultalivetooth

revel･sal'' . Thefacultative toothreversalcannotbe

consideredaphylogeneticchal･acterduetoitssporadic

occurrence,andonlyanextensiveintl･aspecificcompal･isoI]

wouldallowiIsrecognitionineachspecies.

ThemodelproposedbyReif(1980)suggestsIhat tooth

sI)littingdoesnotnecessarilyproduce ''reversed' 1 teeth

Dependingonthepositionofthesplit intheprotogerm,

twoteethderivedfromonepl･otogermmayboth incline

diStally In lamnifbrms, facullativetoothreverSalSaswell

asapparentandpresumedtoothsplitoftenoccurbetween

anteriorandlateral toothrows,andat thedistalportionof

lateral toothseries(Fig.3B-G)Thetoothsplitmaybe

illcompletel･esultingina'!splitcrown'' (Fig.3E-F),andthe

numberofsplitsonacrownmaybegreaterthantwo(e9.,

i'trifid!' tooth inFig. 3G). Sllchirregulal･itiesmayoccur

withinatoothrow(Fig.3E,G). Teethwithincomplete

crownsplittingal･eknowninthefbssil record(e.9.,Welton

andFariSh,1993,fig.l7JK)

Thetotal toothrowcountofCgioγ〃i況拠S””"""sls

muchhigherthanthatofothermodemlamnifbrmsharks

(Shimada,2002)Cg/0γ〃"@zJs柳αX"""Sundel･wenta

significantmodificationofjawcartilagebylosingtlleir

dentalbullae(Shimada,2002);howevel･, thelossofdental

bullaedoesllotexplainitsincreaseinthetoothrowcounts

Basedonthepresentdata, themechanismthatmayexplain

itsincreaseinthetoothrowcountisrepeatedtoothsplitting

eventsthroughevolution. FoI･ instance, !heobservationof

many"revel･sed'! teethinthemesialportionofthedental

Sel･les inC"0"""S"z"""S(Fig.2C)mayrepl･esent the

I･esultoftoothsplittingThis impliestheol･eticallythat

homoIogousteethmustexistbetweenC"0"2伽z崎加“"""S

andothel･ lamniformS, althoughtheirrecognitioniS

iml)oSsibleatthepresenttime.
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