
化石研究会会誌

[総説］
JoumalofFossilResearch,Vol.30 (2),48-54(1997)

Evolutionandadaptationofmarinemammalsinthepacmcrim
IawrenceG.Barnes*

TheCetacea

TYleCetaceaaretaxonomicallyandmoIphologicallythe

mostdiverseandhighlyaquaticallyevolvedofall

mammals・TheirfossilrecordgoesbacktotheMiddle

Eocene(ci1℃a50Ma),andundoubtedlyearlier,judgedby

therelativelyhighstateofadaptationoftheearliestknown

whales・Themost likelyterrestrialancestorsofwhalesare

mesonychids,primitive,omnivorous,hoofedmammals.

RecentdiscoverlesbyPGingerich. J・Thewissenand

othersofprimitivearchaeoceteswithlarge,mesonychid-
likeheadsanddentitions,andfunctionalhindlimbs

reconfirmearlierideasaboutamesonychidoriginof

cetaceansandtheamphibiousadaptationsofthetransitional

ibrms・Fossilcetaceansarerelativelyabundantanddiverse

throughout theworld,andarenowknownfromevery

con血ent, includingAntaJ℃tica.BecausesomanycetaceansaI℃

cosmopolitan,cetaceanIesea1℃htendStofbsterinternational

collaborativelesearch.

Theodontocetesevolvedecholocationtofindtheirfbod;

mysticetesevolvedfiltering, "bulkfeeding"methods

Bothgroupsappax℃ntlyevolvedfromarchaeocetes,andthe

monophylyofCetaceaisthemost likelyhypothesis.

Chromosomalandmolecularevidencehashadanincreasigly

importantroleinunderstandingcetaceanrelationships,and

fbssilsandclassicalcomparativemoIphologicalstudiesare

animportantsourceofinibnnationaboutcetaceanphylogeny

Manyrecentpublicationshavereportednewtaxaand

rangeextensionsofibssilCetaceainthePacificrealm・The

oldestPacificfbssilcetaceansareLateEocenearchaeocetes

fromNewzealand(workbyR.Fordyce)andarchaic

whalesfromWashmgtion,US.A. (wolkbyJ・Goedert).

EarlyOligocenedepositscontainarchaicmysticetes

(Llanocetidae)andodontocetes(affAgorophiidae)Late

OligocenetimewasoneofmcIEasingcetaceandiversity,with

theappearanceofseveralfamiliesofarchaictoothedand

baleen-bearingMysticeti (Mammalodontidae,Aetiocetidae,

Cetod]eIiidae)andOdontoceli(Agoro"dae,Squalodonitidae,
Waipatiidae,Kentriodontidae,etc.),andtheoldestrecords

ofthelivingspemlwhalefamilyPhyseteridae.Earlyand

MiddleMioceneassemblagesarecharacterizedbyarchaic

dolphin-likeodontocetesofthefamilies(Squalodontidae,

Acrodelphidae,Kentriodontidae,etc.), theearlyZiphiidae

(beakedwhales),andmysticetesofthefamilyCetotheriidae.

ByLateMiocenetime,mostofthelivingfamilieshad

appeared;Pontoporiidae,Kogiidae(pygmyspennwhales),

Monodontidae(belugasandnarwhals),Phocoenidae

(porpoises),Delphmidae(oceanicdolphins),Balaenopteridae
(rorquals).LatestMioceneandPIiocenetimesawthe

appearanceofseveralratherbizarrecetaceans,mostof

whichbelongtolivingfamilies.Thesesulprises inthe

fOssilrecorddemonstratemorphologicandtaxonomic

diversitythatwaspreviouslyunsuspected.Thesearesome

largegapsinthefbssilrecord; fbrexample,noMiocene

recordofbalaenids,nopredecessorsofthePleistoceneand

Recentgraywhales,norecordoftheoriginoftheliving
spennwhale(PhysereI),andnoancestorofthenarwhal.

FossilCetaceaofJapanareabundantanddiverse,andthe

recoldextendsfTomMiddleorLateOligocenetoPleistocene,

andincludes, representativesofboththesuborders

OdontocetiandMysticeti.NoEoceneCetaceaandno

ArchaeocetiarerecordedfromJapan.Asis typicalofthe

eastemNorthPacifYcandtheSouthPacific, theOligocene

andEarlyMioceneassemblagesarecompriSedofarchaic

andusuallyextmctfamilies,andtheyoungerassemblages

arerepresentedbymoderngroupscomprisedofextant

generaandfamilies.

Theoldestknownodontocetehasbeenfoundby

GoedertinWashingtonState,mrocksjuststratigraphically

abovetheEocene/OligoceneboundalymUlelowerpartof

theLincolnCreekFonnationinsouthwesternWashington

Thiscetaceanhasllteethoneachsideofthepalateand

mandible,asdoprotocetidarchaeocetesandgeneralized
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occurrencesofdesmostyliansareconsistentwiththis.This

mayexplaintheabsenceofbaleen-bearingmysticetesThe

absenceofsqualodontids is inexplicable,but isconsistent
widththeirabsenceelsewhereinNorthPacific.

TheAetiocetidaeissmall,relict, toothedmysticetesthat

persistedintoLateOligocenetimeintheNorthPacificafter

morehighlydel･ivedbaleen-bearingmysticeteshadalready

evolved,Noknownaetiocetidcouldbeancestraltobaleen-

beraringmysticetes,butaetiocetidmOrphologyis inmany

ways intermediatebetweenarchaeocetesandbaleen-

beal･mgmysticetes,demonstratingsomeofthetransitional

steps intheevolutionofbaleen-bearingmysticetes.Their

discovery indicates thatmysticetesevoIvedfrom

Archaeoceti,andsupportstheoriesofthemonophylyof

cetaceans.Thefossilrecordnowindicatesconsiderable

diversityinthefamily,andaetiocetidshavebeenfbundon

bothsidesoftheNorthPacificOcean;onVancouver

Island,BritishColumbia,Canadaj inOregonand

Washington,USA; inBaiaCalifbmiaSur,Mexico;andthe

IslandsofKyushuandHokkaido,Japan･Kimura,Sawamura,

RJrusawa,Goedert,BamesandA,Cruz-Marincontmuesto

investigatethisgoup.Aetiocetidsareunknownoutsideof

theNorthPacific,butbecausemanyRecentmysticetesare

essentiallycosmopolitan,aetiocetidsmighthavealsobeen

relativelywidelydisperesed・Wesuspectthatwithtime

theirremainsmightbefOundaroundotheroceanbasins

also.

Animportantandrelativelycompletebaleen-bearing

mysticetewascollectedfromtheLateOligoceneage

AshiyaGroupinKyushu,Japan・TheSpecimen,under

studybyY.Okazaki,providesimportantinfOrmationabout

theearlyevolutionofcetotheriidsandthetransitionalsteps

fromtheArchaeoceti toMysticeti Sevemlfeaturesofthe

specimen,suchastheanteliorpositionofthenasalopening

andlargemandibularfbramen,areprimitive,butothersare

derived, suchasthewidemaxilla,broadsupraorbital

processofthefrontal,occipitalshieldoverhangingthe

temporalibssae,andtheflatarticularsurfacesonthedistal

endofthehumerus.Thisanimal, thereibre,hasamixmreof

primitiveandderivedcharacters,andl℃presentsastageof

evolutioninmysticetesthathasbeenpleviouslyuiMc"gnizcd.

AIsofiomtheAshiyaGroup,Okazakihasl巴coveredsome

possibleAetiocetidsandsomearchaicodontoceteS.This

faunadiffersfromthatofAshorobyincludingvarious

typesofbaleen-bearingmysticetes.

TheLateOligocenefauna(cj1℃a25-28Ma) fromthe

OlympicPeninsulainWashington,U､S.A.,beingstudied

principallybyGoedert,Bames,andB.Crowley, isalsoa

eutherianmammals,andthisnumbel･correspondstothe

dentalfOrmulal3,C,P4,M3.Asistypicalofodontocetes,

eachpremaxillahasanattenedspiracularplateoneither

sideofthenarilaopening,andafbramenaccompaniedby

thIEeemanathlgsulci. Ithassuchprimitivecranialcharacters

aselongatenasalbonesoverhanghlgmeposteriorpartof

thenarialopening,aflat-toppedmtertemporalregionwitha

wideexposureofparietalbones,largetemporalfOssae,and

ascendingprocessesofthemaxillaespreadingposteriorly

overthesupraorbitalprocessesoftheiiontals・Foritsearly

age, thisodontocetehaslelativelyderivedcranialmorphology,

evenmorederivedthanmany"typical"LateOligocene

odontocetes, includingAgol･Ophi"spygmaeus,andthis

indicatesthattheSuborderOdontocetimusthaVeoriginated

atleast inLateEocenetime・This ismuchearlierthan

previouslyexpected.

ThemostdiversedocumentedLateOligocenefbssil

cetaceanfaunafromthewestemNorthPacificmarginis

knownfi,omtheLateOligoceneMorawanFormation

exposednearAshoro-cho,Hokkaido,Japan.nlisassemblage

isbeingsmdiedbyM・Kimura,H・Sawamum,H・Furusawa,

andL・Barnes,andincludesatleastllspecies.The

SuborderMysticeti isrepresentedbyfiveprimitivetoothed

mysticetesbelongingtothefamilyAetiocetidae;Asﾉ】αりceius

"IJchiiBamesandKimura, 1995;Morawanocemsyabuki

KimuraandBames,1995;Morawanocerus,newspecies;

AetiocemslomimiKimuraandBames, 1995;andAeliOcerlls

polydemamsSawamura, 1995Sixspeciesoffbssiltoothed

whales,SuborderOdontoceti,are;apossiblenewgenusand

speciesoflargephyseteroid;anewgenusandspeciesof

largeAgorophiidae;anewgenusandspeciesapparently

havingaffinitieswithSachalinocetus;anewgenusand

speciesofveryaberrantAgorophiidaeorearlyplatanistoid;

asmalldolphin-likecetaceanofunceITainfamilialassignment;

andanewgenusandspeciesoflaIgeKentriodontidae・This

fOssilcetaceanassemblageisnearlycomparabletoother

Oligocenecetaceanassemblagesfi･omWasl血gton(work

byGoedertandBames),NewZealand(workbyFordyce)

SouthCarola(workbyA.SandersandBarnes),andthe

Caucasus(workbyG.Mchedlidze).However,various

baleen-bearingmysticeteshavebeenreportedfromother

depositsofthesameage,butarenotablyabsent inthe

MorawanFormation.Theodontocetesaremoredivel'se

morphologicallyandtaxonomicallythanarethemysticetes,

andtheirstageofevolutionissimilartothosefrom

elsewhereofthesameage.Despitethefine-gl･ainednature

ofthesediments intheMorawanFoImation, thedeposit

wasprobablylaiddowninanear-shoreenvironment.The
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morebalancedfaunalikethatofKyushu.TheNational

GeographicSocietyhassupportedsomeofthiswork

Includedarediverseaetiocetids(workbyBames,Kimura,
RIrusawa,andSawamura),baleen-bearingmysticetes,and
numerousarchaicodontocetes.

Apartiaiskeletonofaveryprimitive,relativelylarge,
baleen-bearingmysticetewhalefromthearea,being
smdiedbyCrowleyandBames,isthefirstreportofsucha
pIjmitivemysticetefiomtheeasternNorthPacificOcean

margin. Ithasanelongateandnarrowmtertemporalregion
ofthecraniumwithwideexposuresoftheparietalsand
frontal,andalowsagittalcrest・Thenarialopeningis
locatedrelativel･lyfaranteriorlyontherostrum.These

primitivecranialcharactersaresharedwiththeArcheoceti.

Thepalateissmooth,exceptfOrnutl･ientgrooveswhich
indicatethatbaleenwaspresentThiswhalewould

traditionallybeclassifiedasaprimitivememberofthe

FamilyCetotheriidae,andaffiliatedwith thegenus

MauicetusBenham,1939.Theholotypeofthetypespecies

ofMauibems,M;paJki(Benham, 1937)(averyincomplete
braincase),hasashorterinteltemporall℃gion,sothewhale

fromWashingtonismoreprimitivethanMauicenIs・The

onlyotherreportedmysticetewithsimilarlyprimitive

charactersistheundescribedtaxon廿omtheLateOligocene

AshiyaGroup inKyushu,Japan, thatwasreportedby
Okazaki(1995).

EarliestMiocene(circa23-24Ma)NorthPacific

cetaceansarebestl巳presentedbytheassemblagefromthe

PyramidHillSandnearBakersfield,CalifOnia,where

severalspeciesofEurhinodelphidaeandPlatanistoideaare

known・ThesewerefirstpublishedbyA.R・Kelloggand

L.E.Wilson,andarenowundergomgre-studybyBarnes.
Wildon'sindentificationofCetotheriidaeinthefaunais

incorrect.Nomysticetesareknownintheassemblage, it is

composedtotallyoflong-snouted"dolphins" .

MiddleMiocene(ci1℃al3-15Ma)cetaceansfromthe

youngerSharktoothHillBonebedinthesamearea,

originallystudiedbyKellogg, arethestandardof

compalisonfbranimalsofthisageinthePacificrealm.compansonfbranimalsofthisageinthePacificrea1m・

Thecetaceanassemblageiscomprisedoftwosperm

whales,aplatanistoid,severalkentriodontids,adelphinid,

andperhapseightspeclesofbaleen-bearmgmysticetes.

UnderstudybyMcLeod,Bames,andMitchell, thisisUle

most taxonomically"balanced''Mioceneassemblagein

thePacificrealm,butitlacksziphiidsandsqualodontids.

InJapan, therearequiteafewMiddleMiocene

cetaceans, andan important assemblagehasbeen

recognizedfromMizunamibyOkazaki, it includesa

prlmltlvespe】.mwhaleandseveralspeciesofkentriodontid

dolphins(thereferencetoE"Ijli"odejphinsactuallyis
anotherfamily).

TheMiddleMiocenespermwhalefromShiga-mura,
ScaﾉdibemsshigensisHirotaandBames, 1995, isthemost

completefOssilphyseteridskeletonfOundinJapan・ Its

abruptlytaperedrostrum,deepsupracranialbasm,andhigh
occipitalcrestaretypicalofphysetel･ids,but it isrelatively
primitive,havingarelativelylong, slenderrostrum, large
zygomaticarches, largetympanicbullae,prominent

occipitalcondyles, fewteeth,andaslopingoccipitalshield

thatisdeeplyemarginatedlaterallybylargetemporal
ibssae.Theprobablemandibulartoothcountisl2,onlyone
morethantheprimitiveeutherianmammaliandentition.

Despiteitsabundantprimitivecharacters,Scaﾉdicetus

shge"siShasvelyasymmetricalextemalnares,comparable
tothelivingspennwhale,fWiywrercarodbn,andis inthis

waymorederivedthanmostofthecontemporaneousibssil

physeterids.AtatimewhenotherspennwhalesweI℃、o1℃

highlyevoIved, itwasarelictfrominMiddleMiocene

time, andprovidesanindicationofaprimitivestageof
spermwhaleevolutionheretofbreundocumented.Large

teethwithclenulateenamelonconicalcrowns,plも;sent in

boththepalateandmandible,areconsistentwiththegenus

ScaldicemsduBus, 1867,agenusoriginallybasedon

fbssilsdiscoveredmtheAntweIpBasin,Belgium.

FromHokkaido,F.EgashiraisstudyingatypicalMiddle
MioceneCetotheriidmysticetefi･omHokkaido,andH.

IchishimahasrecentlynamedthedolphinKe"IIfodon

hobe応【J.DiscoveryofmoreMiddleMiocenecetaceans

fiomHokkaidowouldbeveryimportant.Fossildolphins
belongingtotheextinctfamilyKentriodontidaearesmallto

medium-sizedtoothedcetaceans,whichprobablyinclude

theancestorsofsomelivingspecies.KentIiodontidsofLate

OligocenetoLateMioceneageareknowninvariousparis
●

oftheworld.Amongkentriodontids, species inthe

subfamilyKentriodontinaearethemostubiquitousand

general"ed.ThesearenowknownfromlatestOligoceneto

earliestMiocenestratainNewZealandandPatagonia,and

MiddleMiocenedepositsinMaryland,Virginia,Califbmia,

andJapan.Thediversity,morphologies,anddistributionsof

MiocenespeciesofKeniriodontinaeseemtoparallel those

ofthelivmgspeciesofmostlypelagicdephinids inthe

SubfamilyDelphininae,andthefbssilgoupmayhavebeen

anecologicalcounterpartofdelphinids.Kentriodontines

wereprobablywide-rangingneritictopelagicanimalsthat

atesmallfiShandothel･nectonicorganisms; theywere

probablyactiveecholocators,andmighthavefbnnedlarge
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pel･iotic, tympanicbulla,andmandible,collectedinl964,
butil11992muchoftheremainderoftheholotypeskeleton

was fbundandcollected・Theadditionaldalasuppliedby

thisnewmatel･ial indicates that theporpoisewas

approximately2.5mlonginlife,andhadarelativelylarge

skullfOritsbodySize・This isdifferentfromthesmall,

paedomorphicskullsofallmodemphocoenidsandsome

fbssil species.Piscolirhaxiedfbldihadalongrostrumof

moderatewidth,numerouslargeteethelongatevertebral

centra,andalongnipper.ltsbodyshapeinlifemighthave

reSembledthelivingbottlenosedolphin,TIJIglOPSmncarUS.

ThefmnilyPontoporiidaeincludeslong-snouted, relatively

primitivedolphins, representedbyRecentPontoporia

bﾉa加v"ﾉeiGervaisandd'Orbiny,ofthecoastalsouthwest

Atlantic,variousLateMioceneandPliocenefbssilgenera

andspecies,andpossiblybyRecent廿eshwaterLipotes

vex”たrMiller,ofChina.Pontoporiidsintheextinctgenus

ParapontOpo"aBarnes, 1984,areknownfromlscade

Cedors.Califbmia,andJapan(M.Oishi) inLateMiocene

andPliocene(8-2Ma)deposits.Theyarethemost

abundantfbssilcetaceaninsomedepositsonthewestcoast

ofNoI･thAmerica.LikethelivingP.bla加vi"ei, these

dolphinsapparentlylivedinnearshoreshallowwaterover

sandysubstrates.ThegenusPaJapontOpo㎡awasfirst

proposedforafoSsil fromBajaCalifornia,andthree

speciesarenowrecognized.OtherrelatedfOssilsshouldbe

expectedinLateMioceneandPliocenedepositsaroundthe

Pacificmargin.FoI･somereasonpontoporiidsbecame

extinctintheNorthPacificonlyabou[2millionyearsago,

althoughsuitablehabitatappearstocontinuetoexistfbr

them.

AssemblagesofEarlyPlioceneA〃"ce"(Cetacea)fTom

theSendai-IwateareaandChoshiareameasternJapan

werestudiedbyY.HasegawaandOishi・TheearlyEarly

PlioceneTatsunokuchiandYushimaFormationsofthe

Sendai-IwateareacontainCetotheriidsassignedto

HeJPetocerusand someextinct rorquals (Family

Balaenopteridae)assignedtoBuITinqpsisandothergenera.

ThelateEal･lyPlioceneNa-araiFormationoftheChoshi

areahasyieldedmorethanthreehundredmysticeteear

boneswhichfall intosevenmorphotypes.Assemblages

fi･omthetwoareasdiffergreatlyintaxonomiccompoSition

Archaicmysticetesaredominant intheSendai-Iwatearea,

whilemodemmysticetesaredominantanddiverseinthe

Choshi area.OishiandHasegawaconcludedthat the

diversityoftheEarlyPliocenemysticetesinthewestem

NorthPacificiscomparabletothatoftheRecenttime.

ImportantlatestMiocenetoearlyPHoceneageodontocetes

schools.Theyarerelativelycommonasfossilsand,

therefore,arepotentiallyusefulfor intercontinental

correlationsofmarinedeposits.

IncoastalPeruisanimporta加sequenceofstratafi･om

lateMiddleMiocenethroughPlioceneage, includingthe

PiscoFormation・deMuizonstudiedlheseaspartofhis

doctoralwork,andhasrecognizedseveralphocoenids

(Pisco"的ax,Lomacetljs),kentriodontids(Beﾉonodejpl'is,

Incacems,AIocereus), and thefirst short-snouted

pontoporiidsAlsointhestrataarestl･angepygmysperm

whalesandthebizal･re, tuskeddophin,OdobenocetOps

pemWanus,whichmightbeahighlymodifiedmonodontid.

Pilleri has reportedonthemsyticetesfromhere,

recognizingcetotheriidsandbalaenopterids.

ThelatestMioceneage(circa9to6Ma)LowerMember

oftheAlmeiasFonnationonlsladeCedoros,offthewest

coastofBzWaCalifbrnia,M6xico,hasyieldedanimportant

assemblageofcetaceans.Threerecentexpeditionsby

MexicanandUSgeologistsandpaleontologistsinl992,

1993,andl994tolsladeCedrosaddedmanyimportant

newtaxatothefauna, andthis isnowthemostdiverse

fbssilmarinevertebrateassemblagesofitsageknownfifom

theNorthPacificrealm・It includesamixtureofneal･shore

andoffShoreanimals.Somearerelatedtospeciesthatstill

livemthesamearea;twoorthIEespeciesofBalaenoptel･idae,

alargespermwhale(Physeteridae),apygmyspermwhale

(RzIekOgiace(加sensisBarnes, 1973),andthreeSpeciesof

phoccenidae=Theclosest livingrelativesofothers,suchas

apontoporiiddolphin(Parapo"rOpolfapaCi"caBarnes,

1984),andbeluga-likemonodontid(Deneboﾉabmchycephaﾉa

Bames, 1984),nowliveindiffbrentoceanbasinsand/or

different latitudes・Athil･dcomponentoftheassemblage

includesanimalswithnolivingrelatives; fbrexample, the

cetotheriidmysticetesHeJperocelusandNannocetus,and

analbireoniddolphin(AlbiI℃OwhiSlle"BameS, 1984).

TheAlmajasFormationwasprobablydepositedina

relativelycalm,nearshoreenvironmentontheprotected

sideoftheancestrallsladeCedros.TheAhnqjasFonnation

and correlativepartsofthePiscoFormationinPeru

containaPparendyantitopical(=bitemperate)taxonpairsof

marinevertebrates,analogoustosomelivingnorthernand

southernhemispherespecies.

TheFamilyPhocoenidae,whoseliVingmembersinclude

theharborporpoisesandotherrelaledspecies,hasa

primarilyPacificfbssilrecord,andprobablyorighlatedin

lheNorthPacific.PiScolihaxIedibldiBames, 1984, liom

IsladeCedros, isthemostprimitiveknownphocoenid

Originallythespecieswasknownonlybythecranium,
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haverecentlybeenfbundinHokkaido,Japan.Undersmdy
byKimuraandstudents,withcollaboration台omBames,a
preliminalyassessmentofthesefbssilsindicatesthatthere

twoandpossnblythreespeciesofphocoenidsandavery

modern-appea血gdepphinapterinemonodontid(beluga)

ThebelugaappeaIstobelrulyrelatedtothelivingbeluga,
(De"hinapremsieucas)andnottoberelatedtounusual,

broad-headedmonodontidsofthegenusDeneboﾉathathave

beenreportedfi･omsimilaragerocksinNorthAmerica.

ThediscoveryofthisearlytruebelugainHokkaidoattests

totheantiquityoftheSubfamilyDelphinapterinaeandtoa

previouslysoutherlydistributionofthisnowexclusively

arcticgrollpofdolphins・Thephocoenidshaveasymmetlical

cranialvertices, likeDelphinidae,andtheywillprovide

important infbrmationaboutthequestionofrelationships

withDelphinidaeand小!eoriginofPhocoenidae.

TwospeciesofprimitiveCetothriidae,bothrepresented

bymandibles,havebeenfbundintheEarlyPliocenepartof

theHoIokaosilarikal℃mlationnearNumata-choinHokkaido,

Japan･Ofthese, thesmalleroneisaspeciesofNannocems

Kellogg, 1929,thelargeroneisaspeciesofHEIpefocen"s

VanBeneden, 1872.Bothspeciessharewithpreviously

reportedspecimensofHeIpetocer"samodifiedposterior

partofthedentalywithanarrow,anteroposyteriorlyaligned

condyle,andposteriorlyprolongedangularprocess・This

unusualmandibularmolphologyisrelatedtothemodificatons

oftheglenoidfbssamHe7ﾌerocemsandj鞄Imocems.Among

thelastmembelSoftheFamilyCetotheriidae, theyalBunder

smdybyFurusawa,Egashira,andBames.

Fromthesamefbrmation,averyimportantprimitive

phocoenid,whosecoUectionwassupelvisedbyM・Kimura,

isunderstudybyH.Ichishima.Thespeciesismorederived

thanPiSco〃功axfedfbrdi,andindicatescollsiderable

diversitymthePhocoenidaeandtheearlypresenceofthe

familyinthewestemNorthPacific.

VariousdiscoveriesofPleistocenecetaceansmCalifOrnia,

Oregon,andJapanincludebalaenids,eschrichtiids,

balaenopterids,anddelphinids.Therecordisnotasdiverse

assomeoftheearner fbssilassemblages,norastheliving

fauna.MorediversityshouldbeexpectedinthefOssil

record,andsomeundescribedspeciesareprobablypresent.
AreviewofthePleistocenePacificcemceansinneeded.

Pacific・Bothgl･oupsundoubtedlyenolvedh･omdifferent

groupsofterrestrialarctoidcamivorans,althoughtheorigin
ofneitherisknownfOrcertain.HuntandBarneshave

recently indicatedapossiblerelationshipbetween

amphicynodontinesandotalioidsbasedonthepresenceof

anenlal･gedbasioccipitalvenoussinusmbothgroups.
ThefbssilpinnipedrecordoftheNorthPacificOcean

includesbothPhocidaeandOtariidae(sensulafo),extends

fromtheLatePleistocene, istaxonomicallydiverse,andis

consiantlybecomingmorecompleteowingtoadditional

importantdiscovelies,TheearliestandmostdiversefOssil

pinnipedsinLheNorthPacificareotariids, thefIrstphocids

notapperaringuntil thelatestPliocene(Phocidaereported
byKelloggandBertainWesternNorthAmericanMiocene

depositsaI℃Otariidae).

Thetheoreticalcenterofotariidpinnipedevolutionary
histolyisapparentlyintheNorthPacific.FossilsiTomthe

subfamiliesEnaliarectinae. Imagotariinae,Odobeninae,and

OtariinaeonbothsidesoftheNorthPacificindicatethat

pinnipedevolutionaIypattemswerebasin-widephenomena,

andthatamorecompleterecordundoubtedlywillreveal

numerous trans-Pacificdistributions.Thesewouldbe

expectedconsideringthedistributionsoflivingspecies.The

absenceofPhocidaefrompre-Pliocenedepositsare

consistel1twiththeoriesthat thefamilyprimarilyevolved
outsidetheNorthPacifIc.

TheearliestotarioidsaretheNorthPacifIcEnalia1℃tinae

lmownbythegeneraa]alia1℃l0siRelona1℃rosiPiImaI℃"diOn,

andRIc"coram,andtheyrangefTomlatestOligoceneto

earlyMiddleMiocene・Theyweresmall,generalized,

probablypiscivorous,and1℃tainedrEmnantsofthefissiped

carnassialdentition.Theyappeartobetheancestral

otarioidstockfromwhichothergroupsevolved.

Thesealionsandfurseals,Otariinae,aretheleast

changedofall laterotarioids・TheyrangefromLatest

MiocenePi"】anOlaIasramandarerelativelydiversenow.

Fossilsarespeciesof7Y]aﾉassoleol]fromBajaCalifbmia,

CalifbrniaandJapan.Liketheenaliarctmes,theyretaineda

generalizeddiet,butevolvedhomodontdentition.

ImagotariinesprobablyarosefromsomespeciesofEady

Mioceneenaliarctines,becamediverseinMiddleandLate

Miocenetime,andareonlyknownfromtheNorthPcific

realm.Althoughtheymight includetheancestorsoftrue

walrusesofthesubfamilyOdobeninae, noKnown

imagotariinesappeartohavebeenadaptedfbrmollusk

feedingasarethehighlyevolvedmodernwalruses.

Instead, imagotariineSappeartohaveretamedaprimitive
piscivorousdiet,asdidthefiirsealsandsealionofthe

ThePinnipeds

Thepinnipedsaremarinearctoidcarnivorans, the

phocoidsandtheotarioids.Thesetwogroupsappearto

havehadalong-separateevolutionalyhistory,mephocoids

primarllyintheAtlanticandtheotarioidsprimarilyinthe
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MiddleMiocenetimeandwererestrictedtotheNorth

PacificOcean.Theirrecordextendsfl･omearlyMiddle

Miocenethl･oughLateMiocene、withl･ecordsfrom

California,01･egon,Washington,BajaCalifomia,and

Japan.Allodesminesarecharacterizedbyextremesexual

dimorphism,alargeorbit, retractedorbitalmarginofthe

zygomaticarch, adeeplymortisedjugal-squamosal

junction,widepalate,bulbouscheektoothcrowns,nearly

nattympanicbullawithwrinkledventralsurfilce, alarge

tympanohyalfbssa, largeeal･ossicles,anddeepmandible.

Elevenallodesminespeciesareknown(eightofwhich

arenamed), inat leastfburgenera,andmostbelongtOthe

typicalgenusA"odesm"SKellogg,1922.TheearlieStand

mostgeneralizedallodesmineknownisanunnamedanimal

fromtheearlyMiddleMiocene(circal6Ma)Astoria

FonnationincoastalOregon.AIQpofamscoImseniDowns,

1956, is themostprimitivenamedallodesmineandhas

slenderlimbsandtwo-rootedcheekteeth.Bmchya"odesmus

packaldi(Bames, 1972) isprimitivebasicraniallybuthasa

wideskullandflatpalate.Megagomphossmanoensis

(Nagao, 1941) isalargeMiddleMiocenespeciesfrom

JapanSpecies inthegenusA"odesmlJshaveelongate

heads, largeeyes,andapre-narialshelf,MiddleMiocene

JapanesespeciesincludeA.sadoe"sisHirota,1995,andthe

giantA.mega"osHirota, 1955'IY1eNorthAmericanMiddle

MiocenespeciesareAkemesiSKellogg, 1922,A・glac"た

Barnes, 1995,andA.ke"oggiMitchell, 1966.Thelast

knownrecordsarefi･omLateMiocenerocks(Cji℃alOMa)

inCalifOrniaandWashington.

Allodersmineswereapparentlyarapidlyevolvinggroup,

andmostappeartohavebeenadaptedtoroleslaterfilled

byotariine,dusignathine,andimagotariineotariids,andthe

Phocidae(tmeseals),TheybecomeextinctinLateMiocene

timeandleftnolivingdescendants.Althoughsomeoftheir

chaI･actersevolvedconvergentlywithvariouslivingspecies

ofthepinnipedfamilyPhocidae,Allodesminaearean

otariidgl･oupandnotpartoftheevolutionaryhistoryof

Phocidae.

ThetruesealsofthefamilyPhocidaeappearintheNorth

PacificasLatePliocenePhocinae,relatedtoPhoca, the

hal･borseaLFossilsoftheelephantsea1,Mimungasp.,have

beenfOundinLatePleistocenedepositsofCalifOrnia.

ThesefOssilphocidsseemtobeantecedentsoftheliving

NorthPacificPhocidae, andaddeddiversitytotheNorth

Pacificpinnipedfauna,whichhadbecomerestrictedin

diversityaftel･thePliocenedeclineoftheImagotariinaeand

Dusignathinae.

Otariinae(sealionsandfUrseals).

2℃roial･iaTakeyamaandOzawa, 1984,andNeolhemlm

Kellogg,1931,known fromMiddleMiocencedeposits

borderingtheNorthPacificOcean,al･esmall,primitive

pinnipedsmthesubfamilylmagotariinaeandprobably
evolvedfromenaliarctines.Theyhaveasmallsupraorbital

processofthefrontalorhavelostitentirely,athree-rooted

firstmolal･,smallparoccipitalProcess.andimagotariineear

mol･phology・Theiruniquederivedcharacters include

eXtIEmeintertemporalconstl･ictionandhighlymodifiedcheek

teeth,ulepI℃molarshavingbecomemolarizedbytheaddition

ofprotoconesandlingualcingula.

2℃IoMIfacontainstwospecies,R"migenaTakeyama

andOzawa,1984,andRPjanicephaﾉaKohno,1994,both

ofearlyMiddleMioceneagefromJapan.Pmlo""hasa

fewderivedcharaclers, includingalargeantorbitalprocess,

narrowintel･temporal region,andlargeorbit,but its

primitivecharactersapparentlywereinheritedfrom

enaliarctineancestors,PIoneorher"mlepennmgjBames,

1995, relatedtoN.mirum, isfromtheearlyMiddle

MioceneAstoriaFormationincoastalOregon. Itshares

somederivedcharacterswithR℃、幽魂andsharesmany

otherimportantderivedcharacterswithN.mirum.

NeolheIfummjrumKellogg, 1931,ofMiddleMioceneage

fiPomCalifornia, isrelatedtoPIDIo畑施,butdiffersby

havinganelongateskull,veryslenderzygomaticarch,

ventrallyexposedmedianlaceratefbramen,andsmallerbut

moremolarizedpremolars.

TheDusignathinaearelarge"pseudo-walruses" that

hadlaIgecanines,andinsometaxa,tusks, inboththeupper

andlowerjaws.ThegeneraincludedareD"窕narhilsand

Gompllora",andthesehaveonlybeenfbundinCalifOmia.

Dusignathinesappear tohaveevolvedfrom the

Imagotariinae.

TheOdobeninae,ortruewalruses,arebenthicsuction

feeders.Theyappeartohaveevolvedeitherfromthe

ImagotarimaeortheDusignathinae.Theearliest true

odobenineisPmrodobenusjapomcusHorikawa, 1995,of

EarlyPlioceneagefromJapan.Thestrangewalrus-like

Aiv"kuscedmsensis(cj1℃a8Ma)iTomMexcoappearsto

bemorecloselylElatedtoDusignathmaethantoOdobeninae.

ThefbcuSofwalrusevolutionnowappearstobeinthe

NorthPacific,nottheAtlanticPleistocenemembersofthe

genusOdobenusareknownintemperatelatitudes inboth

theNorthAtlanticandtheNorthPacific, andtheRecent

Arcticdistributionisarelict.

Theex!inctAllodesminaearelarge,relativelyhighly

evolvedpinnipedsthatbecameabundant anddiversein
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