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［特集］

Tbwardasynthesisofpaleontologicalandneontological

informationontheterrestrialvertebratesoftheRyukyu

Archipelago.I｡Systematicandbiogeographicreview

OTA､Hidetoshi

Abstract

Paleontological andneontological infbrmatiollrelevan【 totheevolutional･yandbiogeographicalhistorywas

reviewedfbrnon-volant terrestrialvertebratetaxaoftheRyukyuAI･chipelago. This isthefirststeptowardan

attempttointegratepaleontologicalandneontological infbnnationontheSeorganismstoaddressproblemsonthe

paleogeographyof[heRyukyus.Resullsdemonstratedasubstantialadvantageofsuchanintegrativeapproachto

【heinferenceofpastmolphologicalandgeographicalchangesinalbwtaxa.Ontheotherhand, thepreSentreview

elucidatedafewessentialproblemsineachofthepaleontologicalandneontologicalfieldsthatrequireintensive

efforts.

1.Introduction

TheRyukyllArchipelago(senSuKizaki,1985:Fig.1)is

anislandchainextendingbetweenKyushuofJapanand

TaiwanMostrecent4ologistsandgeographersconSider

that theareacorrespondingtothecurl･entarchipelago

initiallyemerJdastheeasternmarginofEurasian

ContinentmnolaterthanthemiddleTertiary.andthenhas

beensuhiectedtoradical,complicatedtectonicmovement

partiallyinvoIvingvolcanism. It isalsopostulated[11at

suchmovements, togetherwithoccasionaleustaticsealevel

fluctuations,haveinvoIveddl･ama[icchangesof land

configurationinthisarea(e.g､,Kizaki andOshil･o, 1977,

1980;Kim''ra,2002).

Fromthebiologicalviewpoint, theRyukyllArchipelago

isnotedforthehighratioofendemictaxainitsbiota

(Hotta,2003iMotokawa,2000;Ota,2000a,b;Nishidaet

a1.,2003)This isparticularlytruewithnon-volant

tel･restrialvertebratesthat,asawhole・arenotcapableof

longdistancedispersalsacrosstheseaprimarilybywayof

swimmingandrafting(Motokawa,2000;0m,2000a). It

hasalsobeenpointedout thatthenon-volant terrestrial

vertebratefaunaoftheRyukyusexhibitsprominent

discontinuityintaxonomiccompositionat theTokaraGap
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Fig.1MapofEastAsiashowingthelocationofeach island
groupoftheRyukyuArchipelagoreferredtointhetext,
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(orTokaraTectonicStrait, IocatedbetweenKodakarajima

andAkusekijimaoftheTokaraGI･oup:Fig. l),andthat

taxaoccurringonthesollthwesternsideofthisstraitexhibil

closeaffinitVwiththosefi･omtheOriemalFaunalRealm
ご

(i､e.Taiwan,southeasterncontinentalChina,andSoutheast

Asia) ratherthanwithtaxafromlhePalaearcticFaunal

Realm(i.e., themamislandsofJapan,Korea,andeastem

coI1til1ellt: e.g,OkadaandKoba,19311Kuroda,1931;

Tokuda,1941a).Furthermore,ithasbeenarguedthatsome

vertebratetaxaoftheal℃hipelago,mostlyfromthecentml

Ryukyus(anarealocatedbetweentheTokal･aGapandthe

KeramaGap:Fig.l),areinthel･elictstatebecauseofthe

abSenceoftheil･closerelatiVeSinthea(ljacent 1℃gions(e.g.,

Tokuda,1941b,1969;Ota,1998)

Tbmporalchanges inconfigllrationofaparticlllar land

area, invoIvingitS isolationfromthecontinent through

partial subsidence,divisionmtoanumberofsmaller

islands,andsubsequent landbridgeconnection,shollldplay

acrucial roleinthefbl･mationofitsfmma,becausethese

geographical eventsmayleadeachtaxon thereonto

allopatricdifferentiation, rangeextension,andextinction.

It is, theIEfbre,notsurprisingthatamlmberofgeologists,

attemptingtoinfer thechronologicalchangesof land

configurationinsomepartsorwholeoftheRyukyus,have

paidaseriousattentiontogeogl･aphical arrangementand

chronological changesofterrestrial itlunainthisregion.

Hanzawa(1935),fbrexample,postulatedsubmel･genceand

recentup-liftingoftheMiyakoGroupchieflyonthebasis

oftheabsenceofthevenomous乃・j"z"eSz""ssnakes in

this isla''dgroup(note:Tγ""”“"γ"s ispresent inthe

I1eighboringYaeyamaandOkinawaGl･oupS)Kizaki and

Oshil･o(1977, 1980),ontheothel･hand,assumedanEal･ly

Pleistocene,peninsular-shapedlandbridge(EPLB)that

extendedfromsoutheasterncontinent totheTokaraGap.

They,althoughsuspectingMiddleTertiaryoriginsfora

fewtaxathatwereconSideredtobemhighlyrelictstate

(Tokuda, 1941b, 1969),arguedthatmosttel･restrialRyukyll

vertebratesonthesouthwestemsideofthe｢rokaraGal),

wereoriginatedfromdispersalsbyusingthiSlandbridge.

Morerecently,chieflyonthebasisofchronological

changesinfOssil fbraminifbrafromtheOkinawaTI･ough,

Ujii6andhiscolleagues(eg,Ujil6, 1990;Ujileand

Nakamura,1996)arguedfbrthefbrmationofanad(litional

landbridgeduringtheLatePleistoceneGIacialMaxima

(LPGM:ca.0.018millionyearagoIMyal) tllatextended

fl･omsoutheastemcontinent,passedtroughthenorthern

vicinityoftheYaeyamaandMiyakoGroups,andreached

totheOkinawaandAmamiGroups.PrimarilyonthebasiS

of fault ill･rangements, sediment properties, and

geomorphologyoftheTokaraandKeramaGapbottoms，

Kimura(1996a,b)wentevenfUr[hertohypothesizean

invoIvementofthewholeRyukyusintothefbrmationofa

moreextensive lan(ibl･idge that ranged fromthe

southeastemcontinentandTaiwantoKyushuduring

LPGMAll theseauIhorSemphasizedtheadvantageofthe

hypothesesinexplainingtheapparentlyrecentmigrationof

theMmatogawamanandthewildboarintotheRyukyus

(e9.,Hasegawa,1980:alsoseebelow).

Howevel･,baSedondataavailableat thatdate,Hikida

andOta(1997)andOla(I998)claimedforaserious

discl･epancybetweenlandbridgeformationduring[11e

LPGMas postulatedby those authol･s and the

phylogeographicalpattemi llustl･atedbymostextant

reptilesandamphibiansoftheRyukyus.Theyalsodoubted

thevalidityoftheEPLBbecauseofapredominanceof

relicttaxal)articulal･lyinthecentralRyukyus. They,

however,didnotprovideanyconcretevaluesfbl･estimated

divergencetimeoftaxainquestion. Thus. largepartof

theil･ argumentseriouslyneedsverificationbasedon

additionalda[athataccompanyreliablechronological

infOrmation.

Ota(2002)discussedtheadvantagesanddisadvantages

ofneontologicalappl･oachestotheRyukyupaleogeography

andemphasizedtheimportanceofgatheringandevaluating

all relevantdataavailableirreSpectiveofscientific

disciplines・ Indeed, theeffOrthasbeenmadetosome

extent inordertointegratedatafi･omneontologicaland

geologlcalstudieS(e.g,KizakiandOshiro,1977,1980;

Ota,1998).However,verylittlehasbeenattemptedto

fOrmulateor testpaleogeographicalhypothesesofthe

Ryukyusbyilltegratingpertinentdatafrompaleontological

andotherapproaches.

Asthefirststeptowaldsuchanintegration, 1 11erereview

paleontologicalandneontological informationonthe

evolutionaryandbiogeographical llistoryofeachofnon-

volantten･estrialvertebratetaxaintheRyukyus.

2．Reviewoiavailableinformationoneachfossil

taxonwithpertinentneontologicaldata

l)Amphibia

①Ra"α〃0IS"(Anura)

Fossilsofihish･ogspecieswerereportedh･omtheLate

PleistocenefissurefillingdepositatMinatogawa,southem

partofOkinawajima(Hasegawa, 1980).AIso,Hasegawa

andNohara(1978) tentatiVelyidentifiedafewskeletal
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par[ofOkinawajima(Hasegawa, 1980),andfromthe

Holocenedepositatlshisukuyama, Ishigakijima(Hasegawa

andNohara, 1978). Thisfrogiscurrentlybroadly

distribuledfromtropical totemperateEastAsia, including

thesouthemhalfofthemainislandsofJapan,thecentral

andsouthemRyukyus,Taiwan,andmostareaofSoutheast

Asia(MaedaandMa[sui, 1999). Onmost islandsofthe

cemralandsouthemRyukyus, this is thecommonest廿og

inopenlowlandhabitats(Ota,unpublisheddata).

Recentbiochemicalgeneticanalysesofgeographic

variationrevealedthatRα"α〃加伽0""'iSinthecurrentsense

actuallyreferstoacompositeofseveralmorphologically

poorlydivergedbutgeneticallydistinctspecies(To(iaeta1.,

1998a)WithreSpect totheEastAsianassemblage,

populationsfromsouthernRyukyusaredistinctfromthe

others(i.e., thosefromthemainislandsofJapan,central

Ryllkyus,Taiwan,andeasterncontinentalChina),whereas

variationinthelatterisquitemeager(Todaetal.,1997).

Suchapatternofvariation ismtel･pretedasreflecting

relativelylongisolationandspeciationofthesouthem

Ryukyupopulations,andmuchmorerecentdispersalsof

orveryfl･equentgeneflowsamong, theremammg

populations(Todaetal..1997,1998b;Toda,1999)

Basedontheseresults,aswellasitsslightlylargerbod)'

andrelativelylongerhindlimbs,MaedaandMatsui(1999)

referredtothesouthemRyukyupopulationasadistinct

undescribedSpecies,Ra"αsp. (butalsoseeSumidaetal.

[20021 fOradiflerenIview). It iSalmoStcertainthat the

remainSfromlshisukuyamareportedbyHasegawaand

Nohara(1978)actuallybelongtothisspeciesratherthanR

"加"c""is.

Absenceof(listinctgeneticdiffel･entiationbetweenthe

centralRyukyuRα〃α〃加匁0C""･iSandconspecific

Taiwanese/continentalpopulationsmaysuggestarecent

artificialoriginofthefbrmer(Todaeta1., 1997).However,

thediscoveryoftheLatePleistocenefbssilsofthisspecies

fromOkinawajima(Hasegawa, 1980)negates this

possibility.

④R""α""""(Anura)

Fossilsofthisfrogspecieswerereportedfi･omtheLate

P1eistocenefissurefillingdepositatMinatogawa,southem

partofOkinawajima(Hasegawa, 1980). AIso,Hasegawa

andNohal･a(1978) idemifiedafewremainsfromthe

fiSsu'･edepositat Ishisukuyama, Ishigakijima, asthis

Species. Thecul･ren[distI･ibutionofthislargestream-

dwelimgfl･og is confine(l tothenorthernpartof

Okinawajima(MaedaandMatsui,1999).ThefbssilrecoId

fromthesouthempartofOkinawaiimaindicatesamuch

remains fromtheLatePleistoceneorHolocenefissure

depositatlshisukllyama, Ishigakijima,asthisspecies.

CurrentrangeofthislarFfbrest-dwellingspecies is

confinedtothenorthel･npartofOkmawajimaand

TokashikijimaoftheOkinawaGroup(MaedaandMatsui,

1999)Thefossil recordfromthesouthernpartof

Okinawajimaindicatesmuchbroaderdistributionofthis

speciesonthisislandinthepast・ Itexplainstheprocessof

itsmigration intoTokashikijima,which is located

southwesttoOkinawajima.

IdentificationofthesollthernRyukyumaterialsneeds

carefUlverification・Phylogenetically,Ra"α肋IS"seemsto

beclosesttoR.sz"""""fromtheAmamiGI･oup,and

thevconstitllteaclademuchdistinctfi･omtheotherR"""
ず

species(MatsuiandUtsunomiya,1983).

②Ra"α応"硴鯉"2(Anura)

Fossilsofthisfrogspeciesarerelativelyabundant il1 the

LatePleistocenefissurefillingdepositatMinatogawa,

southempartofOkinawajima(Hasegawa, 1980). Otsuka

(2002)alsoreferredtofbssilsfi℃mthelowestPleistocene

stratumat lmadomari-Akagimatasite, thenorthempartof

Okinawajima,asbeingsimilartoR""お〃た“0“・

CurrentdistributionofthislargeStream-dwellingfrogis

confinedtothenorthempartofOkinawajimaandseveral

mountainsofAmamioshima, thecentl･alRyukyus(Maeda

andMatsui,1999).Thus,theLatePleistocenefbssill･ecold

fi･omthesouthempartofOkinawajima indicatesamuch

broaderdistributionofthis廿oganditsrapidI･eductionon

thiSiSlandduringorafterLPGM

Arelativelywell-preservedfbssilspecimen, identifiedto

Rα"αis""""on thebasiSofskeletal shapeand

proportions,wasdiscoveredfromtheEarlyPleistocene

depoSit (1.3±0.2Mya)onTanegashimaoftheOsumi

Group,northemRyukylIs(OtsukaandKuwayama,2000).
e

OIsukaandKuwayama(2000)andOtsuka(2002)assKImed

thatthisspecimenwasderivedfromalandbridgedispersal

ofR・ iS〃〃α鮒"fi･omthecentral tothenorthemRyukyus

acrosscurrentTokaraTectomcStl･aitareabeforethe

initiationofthestrait in theLatePlloceneorEarlv
"

Pleistocene.

Thereareafewprominentmorphological and

chromoSomal differences between the twoextant

populationsofRis伽娩α"",suggestingthateachofthem

shouldberecognizedasadistinct taxon(Maedaand

MatSui, 1999)

③R"”"γ""och"jS(Anura)

FossilsofthisfrogspecieswerefbundfromtheLate

PleistocenefissurefillmgdepositsatMinatogawa,southem
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broaderdistributionofthisspeciesonthis islandinthe

past.

Recent chromosomal andmorphological stlldies

suggestedaclosephylogeneticaffinityofRα"α”α蜘ひ慨

withtheTaiwanesepopulationofR.ル"〃〃(Kuramoto,

1984;Emel･SonandBerrigan, 1993). It is therefore

particularlydesiredtoreexaminetheidentityofthefbssiIs

fromlshisukuyamabycomparillgthemwiththelatter.

⑤Ra"α"α""αsensulato(Anura)

Basedonmorphologicalandallozymeanalyses,Matsui

(1994)recognizedfoul･specieswithinR""""""""

WhereasI･estrictinganapplicationoftheol･iginalnameto

theOkmawajimapopulation,hedescl･ibedtheAmami

Grouppopulations,andthe lal･geandsmall fbrmsofthe

YaeyamaGroupasR.α池〃"""sis, andR. sz妙γα"〃'伽α

an(IR."s""0"z""""", respectivelyToexplainthe

phylogeographicalpatteminthisspeclescomplex,Matsui

(1994)hypothesizedtwotimesofitsmigrationsfrom

TaiwantothesouthemRyukyus, thefirstonegivingriseto

R. "Jsz"""""γ邸沈, and the secondone toR.

Szz""z""". TheprocessfOremergencesofthetwo

centralRyukyuspeciesremainsuncertain.

FossilsofRα"α〃”伽asensu latowerefbundin larJ

quantityfl･omtheLatePleistocenefissuredepositat

Minatogawa,southempartofOkinawajima(Hasegawa,

1980).AIso,sevel･alrecentremainsofR.""""sensulato

werefbundfi･omlshisukuyama, IshigakUima・Considering

afbrementionedtaxonomicchangesinthelastdecade, it is

highly likelythat thespecimensfromMinatogawa

repreSentR.〃αγ伽asensustl･icto,andthespecimenSfi℃m

IshisukuyamaeitherR.Sz"池"”伽aorRzMs"""""“"""，

orboth.

OnOkinawajima,currentdistriblltionofR""〃"'""iS

confinedtothenorthempart (MaedaandMatsui,1999).

Thefbssil recordfromthesouthernpartofOkinawalima

thusilldicatesitsmuchbroaderdistributiononthisislal1din

thepast.

⑥Ra"""W"""""(Anura)

HasegawaandNohara(1978)tentativelyidentifiedafew

frogremainsfi･omtheLatePleistoceneorHolocenefissure

fillingdepositoflshisukuyama, Ishigakijima,asR"""

邦増7℃柳α“"畑Theystatedthat,althoughthisspeciesdoes

notoccurmtheRyukyusatpresent, itmayhavebeen

(listributedinthewholeal℃hipelagoasaresllltofmigl･ation

h･omHonshu, themain-islandofJapan.

Smcethen,howevel･,noadditionalevidencehasbeen

obtainedfOrthepaStoccurrenceofthisspeciesor its

relatives(i.e,R""加"",R'"犯の",and尺〃""e"sis

seeSumidaetal. [20001andpublicationScitedtherein) in

theRyukyuArchipelago(e.g.,Oshiro,2001,2002;Otsuka,

2002). BecauseR.ルル”""1SiS,acIoserelativeofR.

卸噌γO加"C"I"",occurs illTaiwanandsoutheastern

continentalChina(ZhaoandAdler, 1993), it isprobable

that theibsSilsfi･omlshisukuyamaareactllallyalliedtothiS

speciesratherthantoR.〃鯉沌加“""". IfthisisthecaSe,

biogeographical significanceofthe lshisukuyama

specimensshouldbefUndamentallydifferentfromthat

assumedbyHasegawaal1dNohara(1978: seeabove)

Detailedreillvestigationofthematerials isthusmuch

desiredbycomparingthemnotonlywithR.加増7℃加“""α，

butalsowithallofitsrelativesillcludingR,ルル"""siS.

⑦Ra"α0〃伽"""(Anum)

FossilsofthisfrogspecieswereIeportedfromtheLate

Pleistocenefissul･efillingdepositatMinatogawa､sollthem

partofOkinawaiima(Hasegawa,1980).AIso,Hasegawa

andNohara(1978) identifiedseveralskeletal remainsfrom

theLatePleistoceneorHoIocenefissuredepoSitat

Ishisukllyama,Ishigakijima,asthisspecies.

Thecurl･entrangeofthissmall fbrest-dwellingspeciesis

confinedtoKumejima, thenorthempartofOkinawajima,

Tokunoshima,andAmamioshimaofthecentralRyukyus

(MaedaandMatsui,1999).Thefossilrecordfromthe

southempartofOkinawajimaindicatesamuchbroader

distl･ibutionofthisspeciesanditsrapidreductiononthis

islanddul･ingol･afterLPGMThisalsoexplains the

processofmigrationofR. 0陶加”α"αintoKumejima,

whichislocatedsouthwest toOkinawaiima.Thesouthem

RyukyumaterialsneedcalBfill taxonomicreeValuation

Phylogenetically,Ra"α0"z(z"""iscloselyrelatedto

thecladeconsistingofR.な"S師加2"SiSfromTsushima,

Japan, andR.sα"""fromTaiwan(Tanaka-Uenoetal,

l998)Consi(leringthegeographicalproximityofthe

Yaeyama Group with Taiwan and the close

biogeographicalrelationshipSassumedfbl･ thetworegionS

(e.9.,Ota, 1998), comparisonsofthelshisukuyama

materialswithskeletalspecimensofR.SfZZ""ishouldbe

particularlycrucial

Whiledemonstratingaremarkablegeneticdivergence

betweentheOkillawajimaandAmamioshimapopulations,

Tanakaetal . (1996)alsoclarifiedagreatdeal of

difi℃rentiationofR""0ﾙ”α"α"αasawholefromthe

othel･brownfi･ogs, includingthecloSestR. jS"S〃"""sis

andR.S"""i(Tanaka-Uenoetal.,1998)Theyinibrred

thedateofmigrationofancestralR.0""α"α〃αintothe

centralRyllkyllsassometimeinthePliocene.

③Ra"αγZ@gOS"(A''ura)
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TokaraGroup,exceptfbrtheMiyakoGroup(Toyamaand

Ota, 1991). Nishiokaetal(1987)demonstrateda

substantial genetic differentiation between the

OkinawajimaandAmamioshimapopulations,andvery

poordivergencebetweenthelatterandthepopulationof
Nakanoshima.an islandlocatednorthoftheTokara

TeclonicStrait.Thus,Hikidaetal. (1992)suspecteda

recentovel･seadispersalofthisfrogtonorthacrossthe
●

Stralt．

⑪Rﾙαc""0γ"S""i"(Anura)

Fossilsofthisfi･ogspecieswel･ereportedfromtheLate

Pleistocenefissurefilling(lepositatMinatogawa,southem

partofOkinawajima(Hasegawa, 1980) Current

distriblltionofthisspecies includesaimostwholeof

Okinawajima,KumajimaandIheyajimaoftheOkinawa

Group(nominotypical subspecies),an(ITokunoshima,

Ukejima,Yorqjima,KakeromajimaandAmamioshimaof

theAmamiGroup(Rﾉz"o"zOγ"S〃〃i"s""α加""sis:

ToyamaandOta,1991). Itisassumedonthebasisof

morphologicalandacousticSimilaritythat thisspecles is

mostcloSelyrelatedtoR.sCh姥g"ofthemainislandsof

Japan(MaedaandMatsui,1999).

⑫jWcm伽α0"2"/"(Anura)

Fossilsofthisfi･ogspecieshavebeenfbundfromthe

LatePleistoceneorHolocenedeposits infissuresat

Minatogawaofthesouthernpal･tofOkinawa(Hasegawa,

1980),andPinza-AbuCaveonMlyakqjima(Nokariyaand

Hasegawa,1985).O[suka(2002)alsoreferredtofbssils

fromthe lowestPleistocenestratumat lmadomari-

Akagimatasite, thenorthernpartofOkinawajima,asbeing

similartoMMCmノリ'〃0γ"α/α・

Thisspecies iscurrentlybroadlydistributed inthe

subtropicalEaStASianiSlands, fi:omsouthemTaiwanto

AmamioshimaoftheAmamiGroup(ToyamaandOta,

1991).Kuramoto(1976,1987) reportedsubstantial

differentiationinacousticcharactersamongthecentral

Ryukyu, southernRyukyu,andTaiwanesepopulationsof

Ihisfrog.

⑬Bz@/bgwgwγ吃α"S加加陶0"iS(Anura)

Fossilsofthis toadspecieshavebeenfOundh･omthe

LatePleistocenedeposit ofPinza－AbuCave on

Miyakojima,MiyakoGroup(NokariyaandHasegawa,

1985). Until then, thecurrent toadpopulationon

Miyakojimawasregardedasaconsequenceofrecent

artificial intl･oductionfi･omtheeastempartoftheEurasiaI1

Continent (e.9., Inger, 1947),but itsnativestatus Isnow

unquestionable.

Thereareneitherothernativepopulationsnol･anyfbSsil

Fossilsidentifiedtothisspeciesoccur ll1 largequantity

in theLatePleistocenefissurefillillgdeposit at

Minatogawa,southernpartofOkinawajima(Hasegawa,

1980)Otsuka(2002)alsoreferredtofOssilsfromthe

loweStP1eistocenestrammat Imadomari-Akagimatasitelll

thenorthempartofOkinawajimaasbemgsimilartoRα"α

γz盤ひSα・

Ra"α郷惣ひs"isusuallyIegardedasatypicalPalearctic

element,andiscurrentlybroadlydisIributedinthemain

islandsofJapan(includingseveraladjacent islets),Korean

peninsula,andeasterncontinentalChina(Maedaand

Matsui,1999;ZhaoandAdlel･,1993).Onceintroduced,

however, thisfi･ogmaybesuccessfillunderthetropical

insularenvironment (seethecaseofferalpopulations in

Hawaii;HunsakerandBreese, 1967). Presenceofthis

speciesintheLate(andprobablyEarly:Otsuka,2002)

PleistoceneOkinawajimaisthuspuzzlinginbothitsorigin

anditsfate.Furthercomparativestudiesal･edesiredto

verifythetaxonomicstatusofthespecimensfI･om

Minatogawaandlmadomari-Akagimata.

⑨Ra"""℃i(Anura)

AfewspecimenSidentifiedtoRα"α煙りiwel℃obtained

fromtheLatePIeistocenefissurefillingdepositsat

Minatogawa, southernpart ofOkinawajima, and

Ishisukuyama, Ishigakijima(HasegawaandNohara, 1978;

Hasegawa, 1980). Thecurrentdistl･iblltionofR."gOj iS

confinedtothemainislandsofJapanandafewadjacent

islandswithYakushimaofdlenorthernRyukyusbeingthe

southemmostextremity(MaedaandMatsui, 1999). Asin

thecaseofR."轡ﾌstz(seeabove),occurrenceofR. /qgoi in

theLatePleistoceneOkinawajimaandlshigakijimaisquite

puzzlingandobviouSlyrequiresan"/20Cexplanatory

hypothesisHowever,becausesomeothel･brownfi･ogsthat

mightbeconfusedwithR. /fgnioccur intheOriental

portionoftheEastAsianislands(e.g..R. s"""ifl･om

Taiwan,R. /0"giC"γ"SfromTaiwanandsoutheastem

continentaIChina,andR.0ん"α"α"afromthecentral

Ryukyus) (ZhaoandAdler, 1993jMaedaandMatsui,

1999),carefillverificationfbrtaxonomicallocationsofthe

Minatogawaandlshisukuyamamaterials ismuchdesired

bycomparingthemwiththoseOrientalbrownfi･ogs in

detailbefbl･edetenniningfurther.
ｰ

⑩B""gw'"j"o""(Anura)

AfbssilofthisfrogspecieswaSfbundfromtheLate

PleistoceneorHolocenefissurefillingdepositat

Ishisukuyama, Ishigakijima. B2427Wg""/"0""α】s

currentlybroadlydistributedinthesubtropicalEastAsian

isiands. fromsouthernTaiwantoKuchinoshimaofthe
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CllrrentdistributionofG./"O"iC"isconfinedtothe

nortl1emfbreste(lareaofOkinawajima,andTokashikijima

andKumejima(Yasukawaeta1., 1992),suggestingalEcent

disappearanceof itspopulationsfi･omthesouthernand

centralpartSofOkinawajimaandlejima.Muchisolated

occul･1･enceofitSsistertaxoI1 (G・”"噌陀”：YasukawaeI

al, 1992) isinterpl･etedasreflectingthehighlyrelictstatus

ofG.ﾉ"0""(seeYaSukawaandOta, 1999).

②C"0畑sp.(Tesmdines）

FoSsilSofIheboxtul･tleJnusCz"γa(sensu lato,

includingCiSjOC"""")B:Hondaeta1.,2002a)havebeen

fbundhomtheLatePleistocenefissurefillingdepositsin

thenorthem(Bise)andsollthempartsofOkinawajima

(Kurukubaru:Otsuka,2002)aSwell asonKumejima

(TakahaShi etal,2003)Otsuka(2002)notedthat the

reconstructedspecime11廿omthenorthempartmeasured25

cmincarapace length,avaluemuch lal･ger thal1 the

correspondingvalueinC"""/I"0加α噌""""g""“

fromsouthemRyukyus(<19cm:Ota, 1995), theonly

extantrepresentativeofthegenusfromtheRyukyus.

Therallgeofthegenus iscurrentlyconfinedtothe

southemRyukyus,Taiwan, southeasterncontinent、and

SoutheastAsia(Ivel･son, 1992). Phylogeneticanalysesof

mitochondl･ial (mt)DNAsequencedataStronglysuggesta

poor divergence between theTaiwanese (C,メ

β”0籾α噂j""")andthesouthemRyukyupopulationsof

thisspecies(Cf"2""")whileshowingrelativelylarge

(I Ivel･JncebetweellC.〃α"01"α酒j"""andothel･

congenericspecies(Hondaetal.,2002a).Ful･thermore,the

analyses indicated nonmoilophylyof the genus

C鰄"ﾉ""'")1s(ascollsistingofC"0池加”瓶α増i"α"and

C."必加鯛'0"S),althollghitsmol1ophylyhadbeenwell

supPol･tedbycladiSticanillysisofmol･phologicaldata

(YKIsukawaeta1.,2001).

Judgingfromthefossil record,however, it isalmost

certainthatC"Omalsooccun･edinmorenortheastemarea

includingthecentralpartofHonshu,Japan,untilat leastas

lateasMiddlePleistocene(YasukawaandHil･ayama,

2001)

③MIz"""りぃ""""(Tbstudines)

Some turtle fossils fl･omthe southel･11 part of

Okinawajima(Minatogawa;Hasegawa, 1980),and

Miyakojima(Pinza-Abu:ManabeandHasegawa,1985)

andlshigakijima(Ishisukuyama:HasegawaandNohara,

1978), all fromLatePleistoceneorHoIocenefissureor

cavedeposits,weretentativelyassignedtoM""γ27f@yS

""""(Oshiro,2001)However,becauseofrather

recordofthegenusBzf/binthesouthernol･central

Ryukyus.Resultsofmolphologicalandallozymeanalyses

indicated that Bzf/bgα増αγiz"zs "z〃α〃0"is is

phylogeneticallycIosest tothecontinentalpopulationS,B

g･9α増αγiz""s, rathel･ thantheTaiwaneseBM/b,B.

加"〃0”"s心(Matsui, 1984;Nishiokaeta1., 1990)．

⑭Cy"MSeWSi"""(Urodela)

FossilsofthiSnewtspecleshavebeenfOundmlarge

quantityfromtheLatePleistocenean(lHolocenefissure

depositsatMinatogawa,southernpal･tofOkinawajima

Currently,Cy"OjSe"Si"""occursonOkinaw"imaand

someothel･ islands of theOkinawaGroup, and

Amamioshimaandafewothel･ islandsoftheAmamiGI･oup

(ToyamaandOIa,1991)

Basedonallozyme(lata,HayashiandMatsui(1988)

estimatedafail･lylargegeneticdivergencebetweenCy""S

"SiC""anditsputativesiste'･species,C."抽昭IIS"γ，

fromthemainislandsofJapan.TheyalSodemonstl･ateda

prominentgenetic(lifferencebetweentheOkinawaGroup

andAmamiGrouppol)ulations・ Interestingly,applicationof

theelectrophoreticclockcalibrated廿omdatafbl･theNorth

AmericanSalamanders(MaxonandMaxon,1979)yielded

estimatesofisolationperiodsbetweenC.ensi"""andC

〃押加gns"γ,andbetweentheOkinawaandAmamiCroup

Ce"S/"""that,respectively,correspondedgrosslytothe

geologicallyestimateddateSoftheib1･mationoftheTokara

TectonicStrait (LateMiocene: 8Mya), andoffinal

iSo1ationoftheOkinawaandAmamiGroups(Early-

MiddlePleistocene:1.5-IMya)(KizakiandOshiro,1977,

1980).

2)Reptilia

①GIP""""j"O""(Tesnldines)

ThecentralRyukyupoplllationsoftheturtlegenus

G""妙"hadlongbeenregardedasasubspeclesofC.

"8"g""fromsollthel･nChinaandnorthemlndochinauntil

Yasukawaetal.(1992)gaveafilllspeciesstatustoitonthe

basisofanumberofexternal andskeletalcllaracters.

FossilsofG."加""αhavebeenreportedfromtheLate

PleiStocenefissurefi l 1 ingdepositsonOkinawajima

(Futenma-guinthecentralpartoftheisland:Oshiro,1994)

andcavedepositsoI1 1ejima(Hasegawa, 1980)and

Kumejima (Takahashi et a1 . , 2003) aswell as

archaeologicalsitesonOkinawKUima(Seiitl inthesouthem

partoftheisland:Kaneko,1999).Recently,fOssilsofthis

tul･tlewerereportedfI･omastl･atumdatedasEaI･ly

Pleistocene(1.5±0.3Mya)atanImadomari-Akagimata

SiteinthelloI･thempartofOkinawajima(Takahashietal.,
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ITagmentedstatesofall theseibssils, theil･ identifications

arenotsufficientlyconvincing(Takahashieta1.,2003).

Naturalpopulationsofthisspeciesarecurl℃ntlyknown

fromthesouthemRyukyus,Taiwan、southeastern

continentalChina,andnorthemViemam(Ivel･son, 1992).

Ofthese､thesouthemRyukyupopulationsareregardedas

adis【inctsubspecies,Mtz2“γ砂S'"""“""〃(Yasukawa

eta1., 1996;YasIIkawaandOta, 1999).Thel･esultofrecent

moleclllarphylogeneticanalysesofthisandothel･

congenericspeciessuggeststhatM加那"c"representsa

primitivestockofthegenus(Holldaeta1.,2002b).

④MIz"0"γ"qy"""(Testudines)

FossilsofthisextinctlandturtlehavebeenfOundhom

LatePleiStocenefissureandcavedepoSits inthesollthern

(Kamikurukubaru),central (HinigusukuandFutenma-gu)

andnorthempartSofOkinawajima(AwaandBise)aswell

asonMiyakojima(Amaga-do), Iejima(Gohezu)and

Tokunoshima(Isen:Oshiro, 1994;Otsuka,2002jTakahasili

eta1..2003). Thetwoextantspeciesofthegenus,

MIz720"γ"""andMiwWeSS",aredistributedinthe

southernpartofcontinentalChina, Indochina,Malay

Peninsula,Sumatra,andBomeo(IverSon, 1992).

⑤Trionychidaesp.(Testudines)

OshiroandHasegawa(1998)reportedapieceofpleural

plateofrWO")wsensulato(seeMeylan[19871fOrstrict

definitionofthegenus) fOundfromLateTErtiarystratum

onOgamijima,MiyakoGroupAlthoughonetrionychid

specieS,鹿/OdiSCz#SSi""SiS,currentlyoccurSonSeveral

islandsoftheRyukyus,ail thesepopulationsal･eof

artificialorigin(SatoandOta.1999).Therefbre,theil･close

affinitywiththefbssilspecies isunlikely.

⑥D"0d0"sewzi"γ伽αj"加(Squamala)

Fossils identifiedasD"od0"s""jC"･""z""were

reportedfromEarlyPleistocenestrataat lmadomari-

AkagimatasiteinthenorthempartofOkinawajima

(Otsuka,2002).Curremly,dlisspeciesoccursonalmostall

isiandsofthecentraIRyukyus(ToyamaandOta,1991),

andarecentgeneticsmdysuggestedamuchclosel･affinity

oftheAmamioshimaandtheTokunoshimapopulations

comparedtotheOkinawajimapoplllation(Kumazawaet

a1., 1998)TherelationshipofD.Se"C"""z"Wwith

o[hercongenericspeciesisyettobeinvestigated.

ManabeandHasegawa(1985)listedD"20(fO"sp.among

fbssil reptilesdiscoveredfi･omtheLatePleistocenedeposit

ofPinza-AbuCaveonMiyakqjima.However, itsspecific

identificationandphylogeneticpositionstillremaintobe

studied.

⑦乃"2"s"γ邸Sspp.(Squamata)

Fossilsofthisvenomoussnakegrouphavebeenfbund

打omLatePleistocenefissul･eandcavedeposits inthe

soIIthempartofOkmawajima(Minatogawa)aswellas

IejimaandMiyakqjima(Oshiro,2001).Recently,fbssilsof

乃加e”S"γ"SSp.werereportedalsofromastratumdated

asEarlyPleistocene(l.5±03Mya)at lmadomari-

AkagimataSite inthenorthel･npartofOkinawajima

(OIsuka,2002)

Atpresent, 1･epl･esentativesofthegenus乃加g泥s"γ"S

occul･ intheOkinawaandAmamiGroups(孤伽"”""iS

andZO""αzﾉ"SiS),southemislandSoftheTokaraGroup

(孤勿〃αγe"SiS),andtheYaeyamaGroup(T. eﾉ電"2S：

ToyamaandOta, 1991). ltshouldbenotedthat,althougha

representativeofthegenusobviouslyoccurredon

Miyakojimaas lateasLPGM(ManabeandHasegawa,

1985),noneofilsdeScendantssurviveonthisol･adjacenI

islandsoftheMiyakoGroup. It isaisonoteworthythat

ManabeandHasegawa(1985) tentativelyidentifiedfbssils

fi･omPinza-AbuaS乃かz”2s"γ"s/Iα"0"か城Sfromthe

centralRyukylIs,notZgﾉ"Z"Sfi･omlheYaeyamaGroup.

Althoughtheydidnotclarifythereasonofsuchan

identification, itisprobablethattheyconsideredthesizeof

thosefOSSilS,becauSe弧加""""sisdistinctlylarger

thantheotherextantcongenel･softheRyllkyusandthe

Pinza-Abufbssilsalsoappearlargeinsize(Manabeand

Hasegawa,1985).

RecentbiochemicalandmolecularstudiesontheEast

AsianTγ""”Cs"γ"s,demonstratedthepresenceof

substantialdivergencebetweenthecentralRyukyu(Z

勉"0""蛾s-Z/0“だ"SiS)cladeandd]esouthernRyukyu-

Taiwan(T. e/eg"ZS-Z"z4""""z""S)cladewhile

confil･mingacloseaffinityofT.βα"0"〃i"sandTI

jo""'@"SiSandcompletelydistantphylogeneticallocation

ofZO〃畑α""2SiS(Todaeta1., 1999;Tuetal,2000).

PhylogeneticanalysesofmtDNAsequencedatabyTuet

al. (2000)alsoyieldedresults thatsuggestasistel･group

relationshipofthecentraIRyllkyucladewithacontinental

species,Z""072",ratherthanwiththesouthemRyukyu-

Taiwanclade. Tuetal. (2000), therefbre,hypothesized

independelltancestralmigrationsintotheRyukyusbyihe

twoclades, i.e、firstbythecentralRyukyuclade,andthen

bydlesollthernRyukyu-TaiwancladeafterfOrmationof

theKeramaCap.

ResultsofbothTodaeta1．!s(1999)andTueta1. 1s(2000)

investigations,aswellasthoseofmanyotherneontological

studiesdealingwithhistol･icalaspectsofthefbnnationof

culTent(livel･sitym[heRyllkyun'""御惣s""4s(e.g,Takara,

1962), altogetheremphasizeroleoftheKeramaGapasa
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long-standingisolationban･iel･. Thetaxonomicallocation

ofthePinza-Abufbssilsis, therefOre､quitecrucial inthat it

maybelongtom/7"02ﾉ""iS,aspecieswhosedistribution

isotherwiseconfinedtothenortheastemsideofthe

KeramaGapBecausebodysizeofinsularsnake

populationsoccaSionallyincreasesdramaticallyinashol･t

period(aphellomenonoftenrelもrredtoas the"insulal･

gigantism":seeBoback[2003]fOrreview), fill･thel･detailed

investigationsofthePinza-Abuspecimensaredesiredto

confinntheirtaxonomicrelationships.

③Sci"""α加"呼"(SqUamata)

FossilsofS""""α加醐嫁γiwerel･epol･tedfromthe

fissurefillingdepoSitat lshisukuyamaofIshigakijima, the

YaeyamaGroup.Currently,S.6""gW'joccursonalmost

all islandsofthesouthernRyukylls(ToyamaandOta,

1991).Basedonthemorphological comparisons,Chenet

al. (2001)consideredthisspeciestobecloselyrelatedtoS

允γ池0S""zJSfi℃mTaiwan

⑨ﾉﾋWﾉ""spp.(Squamata)

Fossilsofﾉ"""γα伽I)gO"""havebeenfOundfi･om

LatePleistoceneorHolocenefissurefillingdepositsand

cavedepoSitSonOkinawajimaandlqimaoftheOkinawa

Group,MiyakqjimaoftheMiyakoGroup,andlshigakijima

oftheYaeyamaGroup(Oshiro,2001,2002).Manabeand

Hasegawa(1985) identifiedalargenumberoffOssilsfTom

Pinza-AbuCavedepositsasfl.加6柊p瓶"",asubspecies

confinedtothecentralRyukyusatpreSent,ratherthanJ'.

iS"""e"siswhichcurl･entlyoccursonMiyakqjimaand

othel･southemRyukyuislands(Ota, 1991)InthePinza-

AbufOssilassemblage,ManabeandHasegawa(1985)also

recognizedanothel･species(ﾉ: sp.) thatdifiも唾dfromﾉ:'.

加{)gひ加""inshapeandarrangementofteeth

IntheRyllkyuArchipelago, twosllbspecies,ﾉ”""γzz

加"ひ""α加1Mgo"""廿omthecentralRyukyusandノク・

is/2""""SiSfi･omthenorthernRyllkyus,arecurrently

distribllted, ai1dtheothersubspecies,メ'."""Ios"加α，

occurS innorthemTaiwan(Ota, 1991).Fouradditional

speciesofthegenus,morphologicallycloselyresemblingf

加惚"""",occul･ inTaiwan,but thegenus iscompletely

absentintheeaStempaI･tofthecontinent(Otaetal.,1998).

TherefOre,detailedcomparisonswiththesefbul･Taiwanese

speciesmaybeeffective indetel･mmingthetaxonomic

statusofJsp.fromPinza-Abu

⑩Ttzhy(I""zss加α汽域"卵"(Squamata)

ManabeandHasegawa(1985) tentativelyidentifieda

dentaryboneexcavatedfi･olntheLatePleistocenePinza-

Abu(Miyakojima)depositasnZky"0"zzJss'""'(gr"ﾅ陀鰹

TheyalsonotedthepoSsibilityofitsallocationtom

(io浴α焔．

APopulationofthegenusTIzA)ri"""s intheMiyako

Grouphadiongbeenbelievedtobethesouthernmost

repl･esentativeofmS"""MI"zzzS(aspeciesotherwise

confinedtothecentralRyukyus)untilTakedaandOta

(1996)clarifieditstaxonomicstatusasanindependent

endemicspecies,TIjqy""". Moreover,whilebeing

phylogenetically(listantfrommS沈伽YgY"""Sfromthe

centralRyukyusorm伽湾α脇fi･omtheYaeyamaGroup,

recentmoleculal･studiesrevealedthatZtoyα’"αj is

actuallythecloses[ taxontothecladeconsistingofZ

S/"""iTomTaiwal1andmS""""""""Sfromeastem

continent(Lineta1.,2002jOtaeta1.,2002)Linetal

(2002)andOtaetal. (2002)alsoassumedacrllcialroleof

theKel･amaCap in the formation of cllrrent

phylogeogl･aphicalarral1gementofTMy(i""8"S lizardsin

theRyukyusThereibre,asinthecaseofYW"g"s2"zzspit

vipersmentionedabove, it isessential toverifythe

identificationofthePinza-AbufossilbyManabeand

Hasegawa ( 1985) todiscusS its biogeographical

signiiYcance.

3)Aves

①G""”""SOﾙ"α抑"(Gruifbrmes)

Fossilsofthisflightlessrail, includingthoseofyoung

individuals,havebeenfoundfromfillingdepositsof

fissul･es inthecentl･alandsouthernpartsofOkinawajima

thathadmost likelybeenformedduringtheLate

PIeistoceneBecausetheextan[populationofthisspecies

iSconfinedtothe l1orthempartoftheisland, suchan

arl･angementofthefossil sitesobviously indicate

occu汀encesofsubstantial reductionofitsrangeafterLate

Pleistocene(Matsuoka,2000)．Matsuoka(op.cit.)assumed

thatGα"”ﾉI"sO〃〃"0"wasdivergedfromananceStor

commontoG. /07'9"""s(avolantspeciescurrently

occurringmthePhilippines,NewGuinea,andtheir

vicinity)justpl･iortoLatePleistocene.

②Gα""α""ssp.(G1･uifbrmes)

AfewfossilsofflightleSsrailsfoundfromLate

PleistocenedepositSofPinza-AbuCaveonMiyakojima

weretentativelyldentifiedasG. 0陶加α"α"a(Onoand

Hasegawa,1985;Oshiro,2001)However,Matsuoka

(2000)recentlyreexammedtllespecimensandsuggested

thattheyl･epresentanundescribednightlessspeciesofthe

genusGα""α""sNoextantspeciesofflightlessrailsare

kllownfromMiyakmimaorotherpartsofthesouthel･11

Ryukyus. Thephylogeneticpositionofthisfbssil species

ICmainstobedetennined.
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③G灯熔sp.(GruifOrmes)

Besidesthefbssil l℃mainsoftheflightlessrail, thoseofa

small-sizedcranewithpoorlydevelopedwmgshavealso

beenfbundfromLatePleistocenedepositsofPinza-Abu

Cave(OnoandHasegawa, 1985). Matsuoka(2000)

identifiedthemasanundescribedflightlessfOrmofthe

竺enusGγ"S・ TheI･eal･enoextantflightlesScl.aneson

MiyakojimaorotherpartsoftheRyukyIIArchipelago

PhylogeneticpositionofthisfOssilspecies isyettobe

determined.

specimen(firstuppermola'･ tooth)revealeditscloser

affinitywithR""zJs/昭迩如rathel･thanL2"0""")Sspp.(H.

Otsuka,personalcommunication).

Current(listributionofRα""sﾉ曜""isconfinedtothe

northemfOrestedareaofOkinawajima,Tokunoshima,and

Amamioshima(i.e.,centralRyuky'ls), andthissuggestsa

recentdisappearanceofitspopulationsonMiyakqjimaand

KumajimaaswellasinthesouthernpartofOkinawajima.

Suzukietal(2000)estimateditsdiverLncetimefrom

otherRα""Sspeciesas3-4Mya,assummgthedivergence

ofRα""sfromitssistertaxon,MWS,tobel2-14Mya

(JacobsandDowns,1994).

③Tb"""i"0s"""唖Ssensulato(Rodentia)

Fossils, identifiedtothisspeciescomplex(seebelow),

havebeenfound廿omtheLatePleistocenedepositson

TokunoshimaandlGjimaaSwellasMinatogawainthe

southel･npartofOkinawajima(TakaiandHaSegawa, 1971j

TomidaandOtSUka, 1993;Oshil･oandNoham,2000).Like

R"""Sjeg"", thecurrenldistributionofTO"Zz""

os"e"sissensulatoisconfined[o!henorthernfOrested

areaofOkinawajima｡Tokunoshima, andAmamioshima.

Thissuggestsarecentdisappearanceofitspopulationson

Idimaandinthesouthempal･tofOkinawajima.

Recentmorphological, chromosomal,andmtDNA

studies I･evealedthatTo""""populationsfromthese

threeislandsaremuchdiverged,eachdeservingafull

speciesstatu､ie. ,AmamloshimapopulationasT.

os""sissensustricto,OkinawajimapopulationasZ

加z“邦〃加陶i, andTokunoshimapopulation as an

undescribedspeciesofthegenus:Tsuchiyaeta1., 1989;

Suzuki eta1., 19991Kaneko,2001).Becausetheabove

paleontologicalworksdidnotconsidersuchataxonomic

heterogeneitywithinT. 0s""zsiSsensu lato、 re‐

identificationofthefbssilmaterialsx･eportedthel･einare

stronglydesired.

Suzukietal. (1999)demol1stratedthat themtDNAand

nDNAdivergencesbetweentheAmamioshimaand

Tokunoshimapopulationsof”たz4""OS""g"SiSsellsll

latoarecomparabletothosebetweenrelatedfUll species

withinthegenuSM"sorRα""s・Basedonthisresult, they

suspectedthat thetwoislalldpopulationshavebeen

repl･oductivelyisolated廿omeachotherfOrseveralmillion

years.

④MYC""Sspp.(Rodenlia)

ManyfbSsilteethofmicrotinevoleSwerefbundfi･omdle

LatePeistocenedeposits ofPinza-AblI Caveon

Miyakqjima, theMiyakoGroup, togetherwithfOssilsof

肋""Sﾉ囎""(seeabove).Theyweretentativelyidentified

4)Mammalia

①彫""ﾉ"4S/i""eSSi(Lagomorpha)

Fossilsofthisdistinctrabbit species、fOundonlyfrom

fillingdepositsoftheRyukyu limestonefissureson

TokunoshimaoftheAmamiGroup,are likelytobedated

backtonoearlierthantheLatePleistocene(Tomidaand

Otsuka,1993)Otsuka(2002)statedthatfossilsofits

possibleancestral fbrm,P""""kgws(seeTomldaand

Otsuka, 1993),occurinlargenumberintheLatePliocene

StratumaroundthelowerStreamareaofYang-TsIIRiver,

easterncontinentalChina.

Yamadaetal. (2002)conductedphyloJneticanalyses

uSingapartialmtDNAsequenceandsuspectedthat this

taxonhaddivergedfromlineagesleadingtootherextant

taXaintheMiddleMiocene.

②Ra""S/ggW"(Rodentia)

ThiSrat taxonwasoftentreatedasaspeciesofthe

monotypicgenus,Dゅﾉ0"Zγ戯However,Suzukietal.

(2000)demonstrateditstaxonomicplacementWithinthe

genusRα""SbasedonsequenceanalysesofmのNAand

nuclearDNA(nDNA).

FossIIsofthisspecieshavebeenfOundfromfilling

depositsoftheRyukyulimestonefissuresandcavedeposits

ofnoearlierthantheLatePleistoceneonTokunoshimaand

KumaiimaaswellasintheSollthernpartofOkinawajima

(Minatogawa,Gusigami-son:TakaiandHasegawa,1971;

TomidaandOtsuka,1993jOshiroandNohara,2000).

Prehistoric(Holocene)remainsofthisratwerealso

reportedfromanarchaeological siteofSeifa inthe

SouthernpartofOkinawajima(Kaneko, 1999). Besides

theseremains,alargenumberoffbssilsofthisspecieswas

excavatedfromtheLatePleistocenecavedepositson

MiyakOjima,sollthemRllykyus(Hasegawa, 1985).Otsuka

(2002)reportedadiscovel･yofanextinctmurinerodentof

the4nusLe"o/tiZz"Z)Rsfi･omEarlyPleistocenestratumat

the lmadomari-Akagimata site， northern part of

Okinawajima.However,recentreinvestigationofthefbssil
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all thesefbssilsarephylogelleticallycloselyrelatedtoeach

othe'･aSwellas toM""z"zzz"1"ssh噂"zsisfromEarly

Pleistocene inKyushuandHonshu,Japan,andM.

〃ｿ"C郷"c"SS/,α""""4SiTomEarlyPleistoceneTaiwan l

tentatively follow(hisaccount andconsider the

MiyakqjimaandOkinawajimafbssils tobealliedtoeach

other, eventhough theirspecificallocationremains
◆

ullcertaln．

⑦Go"jio"1""""sp.(Proboscidea)

Twofossil specimensofthisproboscidtaxon, initially

reibrredtoas”""liodo"(seeHasegawaetal, 1973),

wel･elbundfi･omOgamijimaoftheMiyakoGroup. They

aremost likelvtobedatedbacktotheLaleMeioceneor
づ

EarlyPliocene(Hasegawaetal.,1973,1978jOtsuka,

2002)．

Fossilsofthisextinctmastodondidgenusarerelatively

abundan( inthemiddlean(l upperTertiarystrataofthe

EurasianCoI1tinentandthemainislandsofJapan. The

Ogamijimafossils thussuggestclosegeographical

connectionsofthecurl･entMlyakoareawiththecontinent

andthemainislandsofJapanat leastbytheLateMeiocene

(Otsuka,1983,2002).

③S"sspp. (Artiodactyla)

FossllsofthisgenushavebeenfoundfromLate

Pleistocenedel)ositsofPinza-AbuCave,Miyakojima,and

latestPleistocenefissuredepositsatsevel･alsitesscattered

inthesouthemandcentralpartsofOkinawajima(Oshiro

andNohara,1977iHasegawa,1980).Itisinterestingto

I]otethat, inthecentralRyukyusandtheYaeyamaGroup,

thewildboarfbssilhasneverbeenfbundfromstratalower

thantheuppermostPleistoceneseries,althoughitoften

mucholltnumbersfossilsofothervertebratesat latest

PleistocenesitesaswellasHolocenearchaeologicalsites

(e.g.,Hasegawa,l980;Nishinakagawaetal.,1994).The

wildboarsoftheLatePleistoceneMiyakqjimaaremuch

largerthanthoseofthelatestPleistocenecentralRyukyus,

beingsimilarto,orevenlargel･thanwildboarsofthemain

islandsofJapanandeasterncontinentalChina(Hayashi,

1985;Kawashimaetal.,1985).

IntheRyukyuA1℃hipelago,extantwildboarpopulations

areconfinedtolriomotejimaandlshigakijmaofthe

YaeyamaGroup,OkinawajimaoftheOkinawaGroup,and

TokunoshimaandAmamioshimaoftheAmamiGroup

Taxonomical1y, theseRyukyupopulationsareusually

regardedasanendemlcsllbspecies，Sz‘Ssz“γq/tz

γ"”"α""s,chienyonthebasisofrelativelysmallbody

size(Abeetal.,1994).Endoetal(2002)compared

mandiblemorphologyamongwildboal･ samplesfrom

tothreeMYC""Sspecles,""""O"2"s,M/bγ"s,andM

sp.(Kaneko・ 1985).

FossilsofthesubfamilyMicrotinaehavenotbeenfOund

fromother islandgl･oupsoftheRyukyuArchipelago

(Oshiro,2001)AIso,speciesofthegenusMM"0"sdonot

occuranywhereintheRyukyusatpresent,althoughthe

JI1us isbroadlydistributedinthePalearcticEurasia

includingnortheasternChina,Koreanpeninsula,andthe

maill-islandsofJapan(Kaneko, 1985).

⑤Felidaespp.(Carnivora)

Fossilsrepresenting twofelid individualswel･e

discoveredfi･omlheLatePleistocenedeposits II1Pinza-Abu

CaveonMiyakojima, theMiyakoGrollp(Hasegawa,

1985)Their taxonomicsmtusremamscontroversial:

Hasegawa(1985)assumedthesefOssilstorepresentspecies

ofthegenuS恥jis(sensulato),whel･eassomeotherauthors

(e.9.,Otsuka,2002)refbrredtothemas thegenusLy"".

Nevertheless,mostauthorsconsidel･ theil･cIoseaffinity

withfelidtaxaoccurringinthePalearcticEurasial･athel･

IhanwiththeOriental felidsorB'わ"α"z""s"io"20""siS｡

theonlyextantnativefelidspeciesoftheRyukyusendemic

tolriomotaiimaoftheYaeyamaGroup(Otsuka,2002).No

otherfossiIsofthefamilyFelidaeorothel･carnivoran

mammalshavebeenfoundanywhel･e il1 thecentl･al ol･

southernRyukyus(Oshiro,2001).

B'”"α"z‘γ"s"ioWfO""SiSwasoncebelieved,onthe

basisofsomeapparentlypl･imitivefeatures, torepresentan

ancestral stockoftheFelidaebasal toall extant taxa,but

recentmolecularphylogeneticsUldies invariablyindicated

verycloseaffinityofthisspecieswithP.6"噌α〃邦sis

(Suzukietal.,1994;MasudaandYoshida,1995;Johnson

eta1., 1999). Basedonavailablegeneticdistancevalues,

theseauthorsestimatedtheil･divergencetimetobeO.17-

0.66Mya,althoughthefailureofexaminingtheTaiwanese

Rbe"gw""sis,apopulationofthespeciesgeogl･aphically

closest toR""'"0""sis, leaves thepossiblitythatthe

valuesstillsllfiもroverestimation.

⑥M"加沈"伽4ssp.(Proboscidea)
ProboscidfbSSilSwel･efbundfromtheLatePleistocene

depositofTanabarucaveinMiyakqjima(Otsuka,2001),

andfromnearthelowestportionofNahalimestonestratum

(correspondingtolO-1.2Mya)atKyan-Misaki,southem

partofOkinawajima(NoharaandHasegawa,1973).This

groupoforganiSms,oncediverged inthePalearctic

Eurasia, iscompletelyextinctatpresent. ThetaxoI1omic

statusofthefbssIIswasasuhiectofactivedebateamong

mammalogistsandpaleontologists(e.9., seeOtsukaI20011

fbl･review).Recently,Otsuka(1978,2001)suggestedthat
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archaeological sites(Hasegawa, 1980;Nishinakagawaet

a1., 1994). It is,dlerefbre,almostcertainthat thisdeel･had

firstmigratedintotheRyukynsbyEarlyPleistoceneand

becameextinctaroundLPGM(Otsuka,2002)

⑩Dic""γ"Ssp.(Artiodactyla)

Fossilsofthissmall-bodiedextinctdeerhavebeenfbund

fiomOkinawajima,Kumejima,andlQjimaoftheOkinawa

Group, usuallymixedwiththoseofC"'zﾉ"S"S〃ﾉ0(IO7z

(Hasegawa,1980;Oshiro,2001).Likethelalterspecies,

Dicwce"@ssp.isalsoquitecommonintheLaにPleistocene

caveandfissuredeposits,althollghfbssilsofthegenus

havealsobeenfbundfromEarlyPIeistocenestrata(1.3-

1 .7Mya)atafewsitesonOkinawajima(Oshiro2001;

Otsuka,2002). TaxonomicrelationshipsoftheEarly

PIeistoceneandLatePIeistocenerepresentativesofthe

genusarecontroversial: someresearchers(e.9.,Oshiro,

2001,2002)considerthemtoillustrateasingleancestor-

descendant lineage,whereaSothers(e.g.,Otsuka,2002)

suspect theextinctionofthefbrmerandmigrationofthe

latterinMiddlePleistocene.

⑪"""""z”〃"wsiS(Artiodactyla)

Alargenumberoffbssils,whichrepresentadeerspecies

but(listinctfromCg〃"sas"んdO"andDib"""4SSp.,have

beenibundexclusivelyfi･omtheLatePeistocenedeposits

ofPinza-AbuandTana-BarllCavesonMiyakojima, the

MiyakoGroup.Severalprominentcharacteristics,shared

withextantC""O/zjsC""0/"sfromPalea【℃ticEurasia,

suchasthepresenceofdistinctbutshortbluntprqjections

ontheantlersurfaces, indicatecloseaffinityofthisextinct

species(Ca.’抑"蛾02"SiS)withQZ.α功花0ﾉzJs.Thisfurthel･

suggeststhattheMiyakqjimapopulationofC""o"shad

initiatedthroughmigrationsfiomthehigherlatitude(Zhen

andHasegawa, 1985), like thoseofハ〃cγ“"S, an

unidentifiedfelid,andSz@SSp.(seeabove).

Iriomotejima(S.S.γ"”"α"zzS),Taiwan(&s."""S),

andthemainislandsofJapan(S. s. ノ""")""),and

confirmedadistincllysmallersizeofthelriomotesample.

Theyalsodemonstratedastrongsimilarityinsizebetween

the lattertwosamplegroups. Theyattributedsucha

patternofvariationtoadwarfisminthefbrmer,whichhad

seeminglyresultedfromwarm, insularenvironmentof

IriomotGjima.

Hongoetal. (2002),ontheothel･hand,phylogenetically

analyzedmtDNAdatafbl･wildboarsandpigsfromthe

EurasianContinentanda(ljacentislands(includingTaiwan，

RyukylIArchipelago, andthemainislandsofJapan).

Whileconfilmmgmonophylyandpoorgeneticdivergence

amongpopulations行omlriomotejima,Okinawajimaand

Amamioshima, theirresultssuggestedacloseaffinityof

thesethreepopulationswiththeso-calledlalgetypeofthe

Viemamesepig. Italsosuggestedcloserelationshipsofthe

Taiwanesewildboarwithwildboarsofthemainislalldsof

JapanandnortheasterncontinentaswellaswithmoStEast

AsiandomesticpigSincludingtheso-calledsmall typeof

theViemamesepig(Hongoetal.,2002).Wildboarsofthe

RyukyuSandTaiwan.ontheotherhand,wererather

distantlylocatedfromeachother・ Consideringthatthe

laIgetypeoftheViemamesepigisevenlargel･ thanthe

TaiwaneseandJapanese(mainisland)wildboarsdespite

itslowerlatitudinal (i.e.,moretropical)location, itis likely

【hattheinsulal･dwarfismistheonlyfactorresponsible･lbr

thesmallbodysizeoftheRyukyuwildboar. Relatively

distantaffinitybetweentheRyukyuandTaiwanesewild

boaIsnegatesthepossibilitythattheRyukyuwildboarwas

originatedfroml･ecent landbridgedispersal from

southeasterncontinentalChinathroughTaiwan(contra

町ii6,1990;Kimura,1996a,b).

LargebodysizeoffOssilS"Ssp.廿omMiyakqjimamay

suggest itscloseaffinitywithnorthemcontinental

populationsofas""q/Zz(seeHayashi,1985;Kawashima

etal.,1985).

⑨αγ""Sm""伽72(Artiodactyla)

Fossilsofthisextinctdeel･havebeenfoundfrom

IshigakijimaandYonagunijimaoftheYaeyamaGroup,

Okinawajima,KumejimaandlejimaoftheOkinawa

Group,andTokunoshimaoftheAmamiGroup(Oshiro,

2001,2002;OtsukaandTakahashi,2000;Otsuka,2002).

Whereasbeingmostabundant intheLatePIeistocenecave

andfissuredeposits,fOssilsofthisspecieshavebeen

obtainedalsofromEarlyPleistocenestrata(1.3-l.7Mya)

atafewsitesonOkinawajima(Otsuka,2002). Incontrast,

nofOssilshavebeenfbundfrommorerecentstl･ataand

3.Directionsoffuturestudies

Presentreviewhighlighにdafewcases,suchas thaton

theevolutionandbiogeographyofthegenusS"softhe

Ryukyus, inwhichasubstantialadvantageinintegrating

paleontologicalandneontological infbrmationisobvious.

Ontheotherhand, abovereviewselucidatedseveral

important issues thatneedfill･ther investigationsFor

example, thecurrentlyacceptedidentificationsofsome

LatePleistoceneorHolocenefrogremains fl･om

Ishisukuyama (Ishigakijima) and Minatogawa

(OkinawfUima)indicateveryrecentoccuITencesofseveral,

currentlystl･ictlyPaleacticspecles inthesouthemand
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theil･sympoSiumheldin2002at theUniversityofthe

Ryukyus, inwhichsummal･yofthisreviewwaspresented.

Earlyversionofthismanuscriptwasmuchimproved

throughcriticismsandcol･rectionsbyananonymous

reviewer.Thisreseal･chwasfinanclallypartiallysupported

by theMinistryofEI1vironment, Japan(asGlobal

EnvironmentResea1℃hProgramme,PI･ojectLeader:Dr

KolchiGoka), andtheMinistryofEducation,Science,

Sportsan(ICulture,Japan(C-15570081: toHO).

centralRyukyus(HasegawaandNohara,1978#Hasegawa,

1980). Thiscontradictswiththecurrentlyprevailingview

onthefaunalpatternofamphibiansintheseregionsthatare

characterizedbythepredominance,withveryfew

exceptions,oftheOrientalelements(Ota,1998,2000b).

However,aswas implicitlyorexplicitlywritteninthe

relevalltpaleontologicalworks(HasegawaandNohara,

1978;Hasegawa, 1980), identificationsofthosecrucial

specimensareactuallyprovisionalyet・ Thel･efbre, futul･e

studies,particularlyusingskeletalspecimensofTaiwanese

andsolltheasterncontinental taxaascomparativemaleirals

(seeabove),arestronglydesiredtoveriiytaxoI1omic

allocationSofthose IshisukuyamaandMinatogawa

specimensLikewise, taxonomicstatusofsomei℃ssil

reptilesfromPinza-AbuCave,suchas""(WSz""sand

”〃y〃0加況s,areessential inconsideringvalidityofthe

KeramaGapasalongstandingbarrieragainstdispersalsof

terrestrialvertebratesbetweenthecentralandthesouthem

Ryllkyus(Ota, 1998)Thisproblemalsorequiresfurthel･

effbrtsfbraccurateidentificationofthosefbssils.

Withrespecttoneontologicalstudies, thegreaにstsource

ofdifficulties intheirapplicationtopaleogeographical

inferencelies inthescarcityoftaxa, fOrwhichreliable

isolationdateestimatesareavailableMolecularand

biochemicaldatapublishedtothepresent largelysuggest

longisolationofthecentralRyukyusfromtheother land

massesandmuchshorterisolationoftheYaeyamaGroup

fromTaiwan(seeabove). However,suchdataareyet

limitedloonlyasmallnumberoftaxa,and,moreover,very

fewofthemaccompanyreliablecalibrationsonthebasisof

molecularandbiochemical clockhypotheseS. Fol･

evaluationofthecurrel1tlyprevailingpaleofographical

hypotheseSoftheRyukyusthat invokel･athercomplicaにd

processoflandbridgefOrmationandinsularization(see

IntroductionialsoseeKimura,2002), accumlllationof

neontological datathatcanbeusedfol･calibratlon is

stronglydeSired
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