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6５

PalaeovegetationandPalaeoclimate
intheNorthwesternEuropeand

JapaneseIslandsduringtheWeichselianStagen

NorioFUJI2）

Summary

Theclimaticcurvehasbeenobtainedbyapalynologicalinvestigationofa200-metercoredrilledatabottom

of65mbelowthepresentwaterlevelofLakeBiwainJapanAccordingtothecalculatedageonthebasisof

thedeterminationof14C,fission-trackandpalaeomagneticstratigraphy,theageofthelowermosthorizonofthe

coretakesabout600,ＯＯＯｙｅａｒｓＢＰ・ＴｈｅｃｌｉｍａｔｉｃｃｕｒｖｅｆｒｏｍＬａｋｅＢｉｗａｄｉsplayaclearsimilaritytothe

generalizedtemperaturecurvefromCaribbeanSea,thepalaeotemperaturecurvefromGreenlandandtothe

curveoftheeustaticmovementsduringtheWeichselianstageinJapan．Thesimilarityexistsbetweenthe

majortrendsintheinferredclimaticnuctuationsofNorthwesternEurope,NorthAmerica,Greenlandandthe

JapaneseIslands．

Introduction

Studiesofvegetationalhistoryhaveusually,astheirprincipalobjective,interpretationof

climatichistoryofadistrictThisisbecauseofallｔｈｅｃｒｉｔｅｒｉａｔｈａｔｃａｎｂｅｕｓｅｄｔｏｔｙｐｉfythe

climateofcontinentalareas,thegrossnaturalvegetationisthemostimportant・Infactthe

inferredrelationbetweenclimateandvegetationissoclosethatworldclimaticprovinceshave

beenclassifiedanddelineatedprincipallyaccordingtothevegetation・Becauseapollen

diagramprovidesagrossratherthanadetailedpictureofthevegetation,itisapowerfultool

inthestudyofregionalvegetationalchanges・Plantmacrofossilanalysiscanbeusedtoprovide

somedetailsoflocalvegetationalhistory、Becausemanyspecificidentificationsarepossible，

macrofossilsprovidebasicinformationpertinenttoproblemsoffloristichistory・Ｂｕｔbeyond
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theproblemsofclimatichistoryarebroaderquestionsofvegetationalhistory,suchasthatof
thelongrangestabilityofvegetationalassociationswithorwithouttheinfluenceofclimatic
change,andquestionsconcerningdifferentialratesofmigrationofmajorspeciesinresponseto
controlsｂｙｓｏｉｌｔｙｐｅ,shadetolerance,seed-dispersalmechanisms,andcompetition
Thepossibilityofcorrelationofawell-knownregionalsequencewithsequencesonother

continentsandinthedeep-seabymeａｎｓｏｆ《《longsequence'，，Mcontinuous，’pollendiagrams，

dependsonthecontemporaneityofclimａｔｉｃｃｈａｎｇｅｏｖｅｒａｌｌｏｒｗｉｄｅｐａｒｔｓｏｆtheearthThe
onlywaytoverifythisisbymeansofdirectorindirectabsolutedatingForinstance,'4Cdating
ofQthechangeinclimateduringthetransitionfromtheLastGlacialagetotheHoloceneepoch
fromseveralplacesintheworldhaveshownthatthischangetookplacebetweenaboutlO,ＯＯＯ
ａｎｄｌ３,O00yearsbeforethepresent・Someminorclimaticfluctuationsduringthisinterval,such
astheB611ingandAller6dinterstadials,areshowntobecontemporaneouｓｉｎｍａｎｙｐｌａｃｅｓａｓ
ｆａｒａｐａｒｔａｓＮｏｒｔｈAmerica，Africa，Asia，andEuropeAssumptionsinvolvedarｅｔｈａｔthe
sectioniscontinuous,notcontinual,andthatwemaydecucefromdemonstratedcorrelations

ofmanyhorizonsbetweentwosectionsthatothermajorclimaticchangesarealso
contemporaneous、Ifmaterialsfordirectdatingarenotavailableandsampleswhichare
inferredtobeolderthanabout30,O00yearsareobtained，wemustuseothermethods

MeasurementsofpalaeomagneticinclinationorintensitycanbeusedMeasurementsof
palaeomagneticinclinationcanbeusedwithfine-graineddepositssuchasclay,silt,andgyttja
Thistechniqueprovidesuswithanessentialtoolforstudyinglong-distancecorrelations
betweendifferentlocalities

Asmentioned,climaticchangeshaveprovedtobeareliablebasisofchronostratigraphy

Comparisonsbetweenmanysequencesmustbesufficientlyencouragingtosupportthe
probabilityoflong-distancecorrelationsonthebasisofclimaticchangeasreflectedbya
changeofvegetationSuchcorrelations,ｏｆcourse,shouldbeundertakenonlyfor《《Continuous'，
噸long”sequenceswithsomefix-pointsdeterminedbyabsolutedatingand／orpalaeomagnetic
studies

ltisnotfeltatpresentthatthechangeofclimateduringtheWeichselianglacialagehasbeen
studiedsufficientlythroughouttheJapaneselslandsA1thoughtherearesomeabsolutedates
onthelaterpartoftheWeichselianage,laterthanabout30,ｏｏｏｙｅａｒｓＢＰ.,ｓａｍｐｌｅｓｗｈｉｃｈａｒｅ
ｅstimatedtobeolderthanabout30,000yearsagohavenotbeenmeasuredyet・Therefore,ｉｔ

ｉｓｎｏｔｙｅｔpossibletoprovidecorrelationsforsomehorizonsinwhichclimaticchangeshave
beendocumented

lnthecoreobtainedfromLakeBiwa,thesedimentationrateisabout０．５－０．８ｍｍ／yr・in

thetop30meters、Thematerialisclayeygyttjaorsiltthroughoutthecoreandisessentially
undisturbedThecoreiscontinuoussinceaboutO､６ｍ.ｙ､ＢＰ・palaeomagneticinclinationand

intensityhavebeenmeasuredatintervalsofabout2cmthroughoutthiscore，andabsolute
datinghasbeendonebythefission-trackmethod(NishimuracMJ.,1975)．
TheresultsfromLakeBiwaarevaluaｂｌｅａｓｔｈｅｙｃａｎｂｅｃｏｍｐａｒｅｄｗｉｔｈｒｅｓｕltsfrommany

placesinEuropeandNorthAmerica．
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lnthispaper,somepreliminaryideasontheWeichselianvegetationalhistoryandclimatic

changebasedonpalynologicalstudiesaresummarizedEmphasisisplacedontheresultsofthe

studyoftheLakeBiwacorebutsomeadditionaldatafromelsewhereintheJapaneselslands

isalsoincludedAtentativecomparisonamongtheclimaticchangesintheJapaneselslands，

Europe，andNorthAmericaduringtheWeichselianstageisgivenAlthoughthesectionin

NorthwestemEuropehasbeenstudiedwellthroughouttheworld,manydifferentopinionshave
beenproposed

1．EarlyWeichselianGlacialStage

JudgingfromthepollensequenceofＬａｋｅＢｉｗａ,SubpolarorSubalpineplantssuchaｓ月cccz

andA6jes,anddeciduousplantssuchasUb,zz‘sandEzZgz`s(perhapsF1Zgz`Ｓｃ”"αZZz)werevery
abundantaroundthelake,whereastodaythevegetationiscomposedofsomedeciduousand

evergreeｎｐｌａｎｔｓｓｕｃｈａｓｅｖergreenQ"e”z`ｓ（ロノcんMcz"oPsiSﾉ．Thispollenzone,whichis

situatedatabout25metersbelowthepresentbottom,isassignedtotheNicoletstadialatthe

beginningoftheearlyWeichselianglacialstageonthebasisofradiogenicagedeterminations

usingthefission-tracktechnique，andonthebasisoftheconsolidationmethodDuring
approximately5,OOOyearsjustafterthisstadialthepalaeoclimatearoundLakeBiwabecame

alittlecooler,andwasmarkedbyavagetationgrosslysimilartothatofthemiddleorsouthern

partoftheCoolTemperatezoneoftoday、ThistimeiscorrelatedwiththeSt・Pierre

interstadialoftheearlyWeichselianstageAcoldclimate,indicatedbyvegetationsimilarto

thatofthenorthernpartoftheCoolTemperatezoneortothesouthernpartofSubpolarzone，

followedafterthecoolerclimate・Thepollendiagramshowsthattheclimaticchangemayhave

resultedinachangefromthenorth-Temperatedeciduousforestcommunitytoacommunity
ofPYMz，Ａ此s，Zbz`gzz，＆伽HDZ，andF1Zgz`s・Thevegetationofthatstadialisbelievedtobe

similartothevegetationofthepresent-dayaroundObihirointheHokkaidodistrictthe

northernpartofJapan・Thatcoldage,indicatedbyco-2inFigurelcontinuedforabout10,000
yearsandisperhapscorrelatedwiththeGuildwoodstadialintheNorthAmerica

ComparisonwithsomedatafｒｏｍＪａｐａｎｉｓｌｉｍｉｔｅｄｂｙｔｈｅｓｈｏｒｔａｇｅofoldandfinite

radiometricdates（over30,000years)．Thereby，detailedpollendiagramsandmacroplant
remainsfromtheearlyWeichselianstage，andalsothesouthernlimitofborealconiferous

forestandthetopographyofthefull-glacialagearenotwellknownatpresent、Eustatic

movementsinthenorthernJapanareinferredfromdepositsraligingfromthePleistoceneand

theHolocene(Minato,1972).Atrendofthecurveofthemovementsisalmostagreementwith
thatofthewriter'sclimaticcurves

Thecoldperiodco-2wasthecoldestandlongestintheWeichselianglacialstage・InNorth

America,duringthisstadialamajoradvanceoftheglacierscoveredtheGreatLakesandthe

StLawrenceregionlnaddition,accordingtothewaterlevelfluctuationsinthePacificOcean

(Kind,1969),sealevelmayhavebeenl35metersbelowthepresntsealevel、

Observationsondirectionsofstriaeandonstratigraphyofglacialdepositsindicatethatthe

directionofthemovementoftheicesheetinFinlandchangedduringtheWeichselianglacial
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agelnthiscountry,twomainstagesoficemovementaredistinguishedOneisinaneasterly

directionandtheotherisasoutheasterlydirectioninthecentralandsouthernpartofthe

country、Thesamechangeinicemoventdirectionisindicatedbytwotilllayerswhichcontain

microfossils・AccordingtoDonner(1965),noindicationaninterstadialseparatingthesestages

hasbeenfoud・However，asmentionedearliersomethinlayersofbiogenicsedimentswere

foundbelowthetillinahorizonwhichrepresentseitheraninterstadialinterruptingthelast

glaciation,ｏｒａｃｏｌｄａｇｅａｔｔｈｅｅｎｄｏｆｔｈｅＥｅｍｉａｎｉnterglacialstageinSweden、Accordingto

Andersen(1961),ｔｗｏstagesareknowntoexistinDenmark、

ＩｎａｆｅｗａｒｅａｓｏｆＳｗｅｄｅｎ,twostadials,theWeichselianlandWeichselianlｌ＋ＩIIcanbe

identifiedThreestadials,Weichselianl,WeichselianllandWeichselianlllarefoundinthe

southernandwesternpartsofScandinavianPeninsulaonly、Threestadialsmaybepresentin

theD6sebackaandE11esbodrumlinssituatedonthewesternslopeoftheG6taRiverValleyin
o

WesternSweden,butthereareafewdifferentopinionsinSweden・Ｆｏｒexample,AkeHillefors

(1974)believesthattheWeichselianglaciationinthisareaisrepresentedbyaverycomplicated

stratigraphy，ａｎｄｃａｎｂｅｓｕｂｄｉｖｉｄｅｄｉｎｔｏｓｉｘｃｏｌｄａndwarmsubstagesColdstagesare

representedbytillbedsandwarmperiodsbyglaciofluvialbeds，interstadialclayandsand

layers,andabovealLdeflationsurfaces・TheWeichselianlicesheethadasoutheasterly

orientationcontrolleｄｂｙａｍｏｕｎｔａｉｎｒａnge・Themaximumageofthisglaciationisperhaps

correlatedwiththeco-2stadialofLakeBiwaandtheGuildwoodstadialofNorthAmerica、

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,inNorwaytheicesheetoriginatedinthemountainousareas,andduring

theearlyphasesoftheWeichselianglacialstagesanicedivideprobablyoccurredclosetothe

present-daywaterdivide(Andersen,1965）Themaximumextentoftheicesheetduringthe

WeichselianglacialstagｅｉｓｎｏｔｅｘａｃｔｌｙｋｎｏｗｎｉｎＮｏｒｗａｙ・

InDenmarkwhilethe円ｃｃａａｎｄＨ"z`szones(pollenzones《《h'，ａｎｄ《(i，，,afterAndersen,1961）

ｗｅｒｅｂｅｉｎｇｆｏｌｍｅｄｄｕｒｉｎｇｔｈｅｅｎｄｏｆｔhｅＥemianinterglacial，thetemperaturecontinuedto

decrease,thethermophilicwaterplantsandthefoliferousforestssuccumbed,ａｎｄＢｅ〃LcWoα"α

appearedAsubarcticheathvegetationprevailedandsolifluctionwascommonTheicesheet

coveredalargepartoftheScandinavianPeninsulaａｎｄｔｈｅｅａｓｔernpartsofDenmark・

AccrdingtoHansen（1965),theWeichselianglacialstagemDenmarkisdividedintofour

substages:theEarlyWeichselian,InterstadiaLMainWeichselian(LastGlaciation),andLate

Glacialsubstages、ThelnterstdialsubstageisdividedintotheRodebaekinterstadial，Cold

stadial,andBr6rupinterstadial,andtheLateGlacialsubstageisdividedintothreesubdivisions；

theOlderDryas,Aller6d,andYoungerDryasThe《《MiddleBed”substageidentifiedbyJessen

andMilthers（1928）ischaracterizedby＆jzMcz〃α"α，heaths，andscatteredtr苧s，and

representedacoldclimate、Judgingfromthecharacteroffloraincludingmainly比加lz〃α肌

〃"伽γzfs，ａｎｄherbs，andclimaticdataindicatingawarmerintervalwithmeanJuly

temperatｕｒｅｓｏｆｌＯ゜-12°Ｃ，theRodebaaekinterstadialmaybeperhapscorrelatedwiththe

AmersfoortandSt・Pierreinterstadials・AperiglacialSubstagefollowedthisinterglacialone，

andiscorrelatedwiththePrimeGlaciationoftheScandinavianPeninsula(Ljungner,１９４５and

l949),theGuildwoodstadialofNorthAmerica,andtheco-2stadialofLakeBiwaonthebasis
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ofthecharacteristicstrongclimaticoscillationswhichoccurredthroughouttheearly
Weichselianglacialstage

TheupperPleistocenesequenceoftheNetherlandsandDenmaｒｋｉｓｗｅｌｌｋｎｏｗｎ・Ｆｏｒ
example,thetypelocalitiesfortheBr6rup,B611ingandAllerOdinterstadialsａｒｅｉｎＤｅｎｍａｒｋ，
ａｎｄｔｈｅtypelocalitiesforEemian，Amersfoort，Moershoofd，HengeloandDenekamp
interstadialsareinNetherlands・InNetherlandstheearlyWeichselianglacialisdividedinto
threestadialsandthreeinterstadials(ｖａｎｄｅｒＨａｍｍｅｎｅｔｃｚ/､,1971)．TheEemianinterstadial
endswithadominanceofherbswhichindicatethatavegetationlackingtreesbecame
dominant・ThefirststadialofthaearlyWeichselianglacialstagehadavegetationofthistype・
AccordingtovanderHammenetczJ.(1971),thestadialsarerepresentedbymaxlmaoftheherb
groub,andindicatethatthevegetationwaｓｏｆａｔｕｎｄｒａｏｒｐａｒｋｔｕｎｄｒａｔｙｐｅ､Theinterstadials
showaminorincreaseofthetemperate-borealelementsintheAmersfoortandOdderade
interstadialsandamajorincreaseintheBrOrupinterstadiaLTherefore，theBrOrup
interstadialwasthewarmestclimateoftheearlyWeichselianstage,beingprobablycorrelated
withtheStPierreinterstadialofNorthAmerica

TheupperPleistocenesequenceintheMediterraneandistrictisreportedrecentlyfromthe
TenaghiPhilipponintheeasternMacedonia,ａｃｏntinuousseriesoflakesedimentsAsitiswell
datedby14Cmethods,andmaybecorrelatedeasilywiththeotherdistricts・Accordingtovan
derHammenetα/,(1971),thegeneralcourseofthepollendiagramfromtheTenaghiPhilippon
duringtheearlyWeichselianstageisquitesimilartothatofthenorthwesternEuropeThe
earlyWeichselianstagestartswitharapidincreaseofopenvegetation，includingespecially
steppeelementsThereseemstobelittledoubtthattheDoxaton,DramaandElevtheroupolis
forestperiodsfromtheTennaghiPhilippon（interstadials）correspondtotheAmersfoort，
Br6rupandOdderadeinterstadialsrespectively．Thestadialsoccurringbetweenthe
interstadialsabovementionedarerepresentedbyanopensteppevegetation・Judgingfromthe
pollendiagram，theDramainterstadialisclearlythewarmestclimateamongthree
interstadials・ItiscorrelatedwiththeBr6rupinterstadiaLAllthesesectionsrevealanopen
steppevegetationduringtheglacialphasesandforestvegetationsduringinterglacialtime、

２．MiddleWeichselianGlacialStage

ThemiddleWeichselianstageispreｓｕｍｅｄｔｏｄａｔｅｆｒｏｍ２３,Ｏ００ｔｏ５５,O00yearsagoThe
climatechangedverylittlethroughouttheentiremiddleWeichselianstage，acoolclimate
prevailedovermostofJapanAfterthecoldperiodcorrelatedwiththeGuildwoodstadial,a
coolclimate,resemblingthemiddlepartofCoolTemperatezoneoftoday,continuedforabout
30,O00yearsuntilthebeginningoftheco-1stadiaLThisstadialiscorrelatedwiththeNissourl
stadialofNorthAmericainwhichtherewereafewshortcoldepisodesOnelimitationofthe
palynologicalstudiesfromLakeBiwaisthatcoldclimaｔｅｗｈｉｃｈｗａｓａｓｃｏｌｄａｓｔｈｏｓｅｏｆｔｈｅｃｏ‐
landco-2stadialswasrestrictedtoareasfarthernorthoftheJapaneselslands・Thebeginning
oftheearlymiddleWeichselianstageshouldprobablybecorrelatedwiththePortTalbot
interstadial,ａｎｄｄｉａｇｒａｍａｔｔｈｉｓｔｉｍｅｉｓｍａｒｋｅｄｂｙhighpercentpollengrainsofP『"z`s,A6jbs，
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Tbz4gzz,withdeciduousQzCe冗蝸F1Zgz4sandevergreenQz`e"z`saroundLakeBiwa、Inthe

TokusabasinofthesouthwesternpartoftheJapaneselslands,thevegetationmayhavebeen
thatofadeciduousforestincludingFtZgz`ｓａｎｄＡ〃cz`swithevergreenQ2`e”咽andTaxodiaceae・

Thisassemblagehasaradiocarbondateof31,900士翠I8yearsB,P.(HatanakaeML,1971)．In

theltamibasinnearLakeBiwa,anewpollendiagramshowsthataforestwithabundantP5""Ｓ
Ａ６ｊｂｓｗｉｔｈＦｔＺｇ"s,deciduousandevergreenQzuc冗姻SrjZz血PjllMsandotherbroadleaftrees

existedRadiocarbondatesontheforestare32,700±第88yearsBP・ａｎｄ29,00±1,200Ｂ・P・A

pollendiagramfromLakeShinjiofthesouthwesternpartoftheJapaneselslandsismarkedby
ahighpercentpollenof円"妬A6jCs,nz4gzz,F1Zg妬deciduousQ"e〃z`sandevergreenQ"e”zzs、

IntheNiigatadistrictoftheCentralJapan,theforestofthattime,30,000years14cyearsBP.，
wasdominatedbyA伽姻Ｃ柳ｍ腕e噸deciduousQz‘c〃z`sａｎｄRZgz`swithlessPYCeqA6猫ａｎｄ

Ｂｂ〃jzThereportsuggeststhatavegetationsimilartotheCoolTemperatezonemayhave

existedthere、AtKumanoyunearHakodateofthesouthernHokkaidodistict，thepollen
assemblageforthesecondpeatlayerisdominatedbyA6妬ａｎｄＰＨＭｚ,１ackingB巴加Zuzeγ"CCZ"ｚ

(Nakamura,1973)．Thisassemblagesuggeststhatthavegetationmayhavebeenthelower

SubalpineThusunliketheforestoftoday,whichisthenorthCoolTemperatezoneorsouth
SubpolarzoneinthelowlandofHokkaidodistrict,ｔｈｅｆｏｒｅｓｔｏｆｔｈａｔｔｉｍｅｗａｓdifferent・The

Subalpineforestoccurredhigheｒｔｈａｎａｂｏｕｔ５００ｔｏ６００metersabovethepresntsealevelinthis

district・Thenatureofthefull-glacialvegeｔａｔｉｏｎｏｆｔｈａｔｔｉｍｅｉｓａｌｍｏｓｔｃｏｍｐｌｅtelyunknown
overtheJapaneselslandslftheabove-mentionedresultiscorrect,itisinferredthatthe

temperateduｒｉｎｇｔｈａｔｔｉｍｅｍａｙｈａｖｅｂｅｅｎ２ｏｔｏ３ｏＣｌｏｗｅｒｔｈａｎｔｈａｔｏｆｔｈｅｐresenttime・In

thesouthwesternpartoftheJapaneselslands,evergreenＱ"e"zdsgrewtogetherwithF1Zgz`sas
shownbythepollenbiagramsfroｍＬａｋｅＢｉｗａａｎｄＩｔａｍｉＦｒｏｍｔｈｉｓｆａｃｔｉtmaybeinferred
thattheclimateofthattimewasprobablymilderinwinｔｅｒａｎｄｃｏｏｌｅｒｉｎｓｕｍｍｅｒｔｈａｎｔｈａｔｏｆ

thepresenttime・

DuringthemiddlepartofthemiddleWeichselianstage,pollendiagramsfromLakeBiwa

showｈｉｇｈＡ肱s,月"z`sanddeciduousQ"e”z`swithlessBC伽jczandF1zZgzfs，Thevegetation

suggeststhattheWarmTemperateforestwaseventuallyreplacedbytheCoolTemperate
forestaroundLakeBiwaandthesouthernlimitofSubpolarforestduringthattimewas

probablysomewhereinthesouthCoolTemperatezoneoftoday,perhapsextendingasfarsouth
as38･NlatitudeDetailedpollendiagramsandradiocarbondatesforthiscolｄｔｉｍｅａｒｅｓｏｆｅｗ

ｔｈａｔｌｉｔｔｌｅｃａｎｂｅｓａidaboutthevegetationofthistime・Fromthechangeofassemblagewithin
thecontinuouspollensequence,itisinferredthatthiscoldperiodiscorrelativewiththeshort

CherryTreestadial(perhapsWiirmllorWeichselianglacialIIstage),whichlastedonlyabout
4,OOOyears・pollenassemblagesfromthelowermostgravelandmuddysandlayer(radiocarbon

dateof28,770±2,600yearsBP.)oftheEkotaplantbedinTokyoindicateanorthTemperate
forestcharacterizedbyabundantF1zZgz4sandsparseconifers・Ｔｈｅｌｏｗｅｒｍｏｓｔｍｕｄｌａｙｅｒ
(radiocarbondateof28,000±1,700yearsBP）oftheDochubedintheShikokudistrictwas

dominatedby月ccα，Ｐｉ"z`ｓａｎｄＡ６ｊＣｓ（Nakamura，1966)，andasouthSubpolarforestor

northCoolTemperateforestmayhaveoccurredthereAccordingtoMinato'sinvestigation



第３０号昭和５６年金沢大学教育学部紀要（自然科学編）7２

(1972),mountain-glaciersformedsomecirquesaroundMt・Tottabetsu《’０，，ａｎｄｗｌ，，subglacial
epochsintheHidakamountainchainandalsointheJapanAlps(ＨｉｄａｍＩ”epoch)oftheCentral
Japanduringthecoldａｇｅ(Wiirmllstadial)．
IntheHokaidodistlictoftheNorthernJapan,amammothmolarwasfoundintheKogoshi

terracedeposits,whichareaboutlOmabovepresentsealevel(Minato,1972)．Thismammoth‐
bearinggravelbediscoveredbyarhyoliticpumicefallth3thasanageofabout32,OOO14Cyears
BP・ThisterracedepositsandTottabetｓｕｗＯ'，subglacialepochshouldprobablybecorrelated

withtheCherryTreeanｄＲｏｘａｎａＬＩＩｏｒＲｏｘａｎａＬＩＩＬＴｈｉｓｃｏｌｄperiodmaybecorresponded
tothelowersealevelepoch（about80metersbelowthepresentsealevel）intheMinato，s
eustaticmovementscurve(1972)．pollendiagrams(abbreviation：ｔ－２；aboutl5metersbelow

thepresentboｔｔｏｍｏｆＬａｋｅＢｉｗａ)showthattheclimate,afterashortcoldperiod,mayhave
beensimilartothepresentClimate，orperhapsalittlecooler,untilthebeginningofthelate

Weichselianglacialstag，ａｎｄｔｈａｔｔｈｉｓｔｉｍｅｉｓｐｅｒｈａｐｓｃｏrrelatedwiththePlumPoint
interstadialofNorthAmericaTheclimateｏｆｔｈａｔｔｉｍｅｗａｓｓｏｍｕｃｈｃｏｏｌｅｒｉｎｓｕｍmerthat

borealconifersandF1Zgz`s,whichwasFZgzUsc”"α、,representingtheCoolTemperateforest，

grewaroundLakeBiwa，ａｎｄｓｏｍｕｃｈｍｉｌｄｅｒｉｎｗｉｎｔｅｒｔｈａｔｅｖｅrgreenbroadleaftree，as
evergrｅｅｎＱ"cγcz`s，grewaroundthelake・InChichibubetsuofthelshikariLowlands
(Nakamura,1968）thevegetationwasdominatedbyPicｃｃｚａｎｄＡ肱S，ｗｉｔｈｌｅｓｓＢＣ〃jczand
nonarborealpollen、ＳＭＺｇｊＭﾉﾋzseLdZgj"CiC/bswaseliminatedfromthisarea・

TheJamtlandandG6taAlvinterstadialshavebeendatedatmorethan40,ＯＯＯａｎｄ２５,O00to

35,Ｏ００ｙｅａｒｓＢＰ・respectivelyinSweden、IntheJtimtlandinterstadialalmostthewhole
ScandinavianPeninsulawasdeglaciatedHowever,ｉｎtheG6taAlvinterstadialprobablyonly

thewestcostandsouthernpartofthepenninsulaweredeglaciated,someSwedishgeologistsdo

notagreewiththisopinionlntheJiimtlandinterstadialtheclimatewasperhapscoolerthan
today,andsealevellower(JLundqvist,1967)．Theinterstadialisperhapscorrelatedwiththe
KarukiilaofEuropeandthePortTalbotinterstadialofNorthAmerica

InDenmark,intheBrOrupinterstadialpollendiagramssuggestthatBB〃〃,Ｐｉ"z`sandPjcccz

forestoccurredwidely・Andersen，ｓｓｔｕｄｙ（1961）onthedepositscoveringintheBr6rupboy
basinsindicatesthattheforestimpliesameanJulytemperatureofl3o-15oC

IntheNetherlands，aftertheOdderadeinterstadial，theearlyPleniglacialbeganwithan

extremelycoldclimateindicatedbybeingveryscarceorabsent，resultinginapolardesert、
ThiscoldstadiallasteduntilthestartoftheMoershoofdinterstadialwhichseemstohave

begunshortlyafter50,000ｙｅａｒｓＢＰ・ＴｗｏｗａｒｍａｇｅｓｓｕｃｈａｓｔｈｅＨｅｎｇｅｌｏａｎｄDenekamp
interstadialsstartedaftertheshortpolardesertphase,ａｎｄａｒｅｄａｔｅｄａｔａｂｏｕｔ３８,ＯＯＯａｎｄ３０,ＯＯＯ

ｙｅａｒｓＢＰ・respectively・TheclimateduringthemiddlePleniglacialmayhavebeengenerally
lesｓｃｏｌｄａｎｄｍｏｒｅｈｕｍｉｄｔｈａｎｔｈｅｅａｒｌｙａndlatePleiniglacialsubstagesThisshortstadial

foundinthemiddlePleniglacialhadpolardesertvegetationwithtundraplantssuchasSn/政

PCJ(z油ａｎｄＳｎ妬jﾉｩzZgzzOPPosj肋如etc、ＩｎｔｈｅＭoershoofdinterstadialtheincreaseofbirch
pollengrainsisveryslight,ａｎｄｔｈｅｖｅｇｅｔａｔｉｏｎｏｆｔｈｅｏｔｈｅｒｔｗｏｉnterstadialsmaybeashrub
tundra・TheshortstadialbetweentheHengeloandDenekampinterstadialsisprobably
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colTelatedwithacoolerperiodrepresentedbyaboutl8metersofthecoｒｅｆｒｏｍＬａｋｅＢｉｗａ，

judgindfromtheclimaticconditionduringthistime・

AccordingtoLundqvist，sfigure,(1974)theclimateintheNorthwesternEuropeduringthe
intervalbetweentheMoershoofdandHengelointerstadiaｌｓｗａｓｃｏｌｄｅｒｔｈａｎｔｈａｔｏｆｔｈｅｔｉｍｅ

ｂｅｔｗｅｅｎｔｈeHengeloandDenekampinterstdialsHowever,hisconclusioniscontrarytothe
opiｎｉｏｎｏｆｖａｎｄｅｒＨａｍｍｅｎｃＭＬ（1971)．Accordingtothepresentwriter，sdatafromLake

Biwa,Lundqvist，sinterpretationiscolTect・Thiscorrelatinmustbefurtherinvestigatedinthe
nearfuturebytheusingofdetaileddata

lntheMediterraneandistrictofabout60,Ｏ００ｙｅａｒｓＢＰ.，alongperiodofsteppeclimate

continueduntilaboutl4,ＯＯＯｙｅａｒｓＢＰ・Thisperiodisinterruptedonlybysomeminorincreases

ofQz`e"ｚＺｓａｎｄ〃"z4sduringHeraklitsa，KalabakiandKrinidesinterstadia1s，whichare

correlatedwiththeMoershoofd，HengeloandDenekampinterstadialsrespectively・

aLateWeichselianGlacialStage

ThedepositsduringthelateWeichselianglacialstageoccupytheintervalbetweenabout8

andaboutl2metersbelowthepresentbottomofLakeＢｉｗａ，andareinferredtndatefrom

l2,Ｏ００ｔｏ２３,O00yearsago・

Thepollensequenceofthisstagestartswithanabruptchangetowardsacoldclimatejust

aftertheperiodofmilderclimateindicatingtheendofthemiddleWeichselianstage・Ｆｏｒ

example,thepollenassemblageoftheco-1ageofLakeBiwashowsthattheclimaticchange
mayhaveresultedinachangefromaTemperateforestwithdeciduousbroadleaftreesintoa

communiｆｙｏｆＡ６蜘乃z`gzz,比〃/b,RZgz4sanｄ月"z`s、ＴｈｅＰﾂ"z`swasnotdeterminedpositively
as〃"z`sル０，伽sjs、A1ittlepollenofevergreenQ"c”"sthatdidnotgrowaroundLakeBiwa

aｔｔｈａｔｔｉｍｅ,althoughitnowgrowsthere,mustcertainlyhavebeentransportedinfromafar，

perhapsfromthemoresouthernpartoftheJapaneselslands・Mostoftheevergreenbroadleaf

treesandsomeofthedeciduousbroadleaftreesmayhavebeenexcludedfromthesurroUnｄｉｎｇｓ
ｏｆＬａｋｅＢｉｗａａｔｔｈａｔｔｉｍｅＡｓｔｈｅｖｅｇｅｔａｔｉｏｎｏｆｔｈａｔｔｉｍｅｓｅｅｍｓｔｏｂｅｓｉｍｉｌａｒｔｏｔｈａｔｏｆｔｈｅ

ｆｏｒｅｓｔｏｆｔｈｅｎｏrthCoolTemperatezonefoundinthesouthernpartoftheHokkaidodistrict

atpresent,ｔhemenannualtemperatureatthattiｍｅｉｓｂｅｌｉｅｖｅｄｔｏｈａｖｅｂｅｅｎａｂｏｕｔ７ｏｔｏ８ｏＣ

ｌｏｗｅｒｔｈａｎｔｈａｔｏｆｔｈｅｐｒｅsentJudingfromthepalynologicalanalysesofLakeBiwa,the

coldesttimeisinferredtohavebeenaboutl8,O00yearsago、AccordingtoMinato(1972)and

Kind(1969),sealevelatthattimeinthePacificOceanwasaboutl35metersorl20meters，
respctively,lowerthanatthepresentaroudtheJapaneselslands

ThevegetationinferredbypollendiagramsfromLakeBiwaindicatesasimilarassemblage

fortheco-2stadialoftheearlyWeichselianstage・Ifthisiscorrect,thecoldco-1stagemay
becorrelatedwiththeNissouristadialofthelateWeichselianinNorthAmerca，Ｓｏｍｅｄａｔａ

ｏｎｔｈｅｃｌｉｍａｔｅｏｆｔｈｅＮｉｓｓｏuristadialwihichiscorrelatedwiththeco-1stadialareasfollows、

IntheHokkaidodistrict，pollencountsfromtheChichibubetsｕｂｅｄ（radiocarbondateof

24,000±ｌ５０ｙｅａｒｓＢＰ.;Nakamura,1973)andKumanoyubed(radiocarbondateofl4,600±950

yearsBP.;Nakamura,1973)aredominatedbynonarborealpolleｎｇｒａｉｎｓａｎｄＢＣ〃lz・Apollen
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diagramoftheOtsukimember(radiocarbondateof23,800±1,100ｙｅａｒｓＢＰａｎｄ２５,400±900

yearsBP.;ＳｕｚｕｋｉｃＭ/､,1967）ischaracterizedbyA肱s,円Ceα,月"z`ｓａｎｄＣ⑪勿加eγiZzwith

deciduousbroadleaftreesexceptF1zZgz`sFarthersouthintheJapaneseIslands,theMC'Ｗ"肋es

bedoftheNarabasinnearLakeBiwaincludesTsz4gzz,Picecz,Ａ肱s,ＢＢ伽ﾉﾋz,decidusQ"c”ｚ４ｓａｎｄ

Ａ伽zfs・ThevegetationofthattimearoundthｅＮａｒａｂａｓｉｎｍａｙｂｅｐｅｒｈａｐｓｓｉｍｉｌａｒｔｏｓｏme

forestsinthenorthempartofCoolTemperatezoneatthepresent・Thesouthernlimitofthe

vegetationoftheSubpolarzoneduringthatcoldtimewasprobablysomewhereinthenorthern

partoftheCentralJapan,perhapsextendingintothesouthernpartofNorthwesternJapanor

theKwantoplainTheforestlineduringthiscoldperiodwasabout1,500meterslower，and

SubalpinevegetationwasvastlyexpandedinthenorthernpartoftheJapaneseIslandsThe

variousforeｓｔｂｅｌｔｓｗｅｒｅｌｏｗｅｒａｓｗｅｌｌ,althoughprobablybyunegualamountsThislowerof

theforestlineissｉｍｉｌａｒｔｏｔｈｅａｍｏｕｎｔｏｆｌｏｗｅｒｏｆｔｈｅｓnowline,whichisinferredfromstudy

ofthealtitudeofcirquesandthedistributionofmoraines・Thedetailedvegetationofthecoldest

timethroughoutthelateWeichselianglacialstageisstillalmostcompletelyunknown・

Asstatedabove,ａｔａｂｏｕｔｌ８,OOOradiocarbonyearsagothevegetationnowtypicalofthe

SubpolarorSubalpinezoneintheJapaneselslandsmayhaveoccupiedthelowlandofthe

northernpartoftheJapaneselslandsAfterthecoldtime,alternatingcoldandmildclimates

occurredrepeatedlyintheJapaneselslands・ＩｎｔｈｅｌＬ６ｍｃｏｒｅｓａｍｐｌｅｄａｔｅｄａｔｌ４,980±４６０

yearsB・Ｐ､ｆｒｏｍｔｈｅｂｏｔｔｏｍｏｆｔｈｅｌ９６７ＬａｋｅＢｉｗａcoreapollendiagramlO5metersbelowthe

lakebottomisdominatedby円Ceα,Ａ肱s,TMgzz,Ａ伽2`ｓａｎｄＨ"z`s(PlhZP/ＤｊＭｂ〃type),buta

samplefroml1.2metersbelowthebottomhasrelativelylittle円"z`ＭｃＺＰｂＭＤ〃typeandTsz4gzz・

ＩｔｉｓｄｏｍｉｎａｔｅｄｂｙＰ『ccczandsometreesbelongingtotheTemperatezone、Thelatterhorizon

maybecorrelatedwithAller6dinterstadiaLThevegetationandclimaticchangeduringthe

LateGlacialageintheJapaneselslandswillbeanalysedindetailbyusingofthelongercoｒｅ

ｓａｍｐｌｅｓｆｒｏｍＬａｋｅＢｉｗａｉｎｔｈｅｎｅａｒfuture

AfewcorescontainingrecodsofthevegetationduringtheLateGlacialagehavebeen

collectedrecentlyovertheJapaneselslandsForexample，inthesouthwesterndistrictof

Japan,thepollencountforOhita(Hatanaka,1973)oftheKyushudistrictisdominatedｂｙ月"z‘s

togetherwithsomedeciduousbroadleaftreessuchasU〃"z‘ｓｏｒ比肋zﾉaanddeciduousQ"eγcz`s，

togetherwithPiccaandA6jCs・FromDatenoofkochicityintheshikokudistrict,pollengrains

ofA肱s,ＰｉＭＬＰｉ"z`s，ＴＭｇｚｚａｎｄdeciduousQ"e”"ｓetc・werefoundlnthecentralJapan，

Nakamura(1972)foundF1DZgz‘sanddeciduousQ"c"zCsfromdeposits，radiocarbondatedat

ll,400±300yearsBP・ａｎｄ10,500yearsB・Ｐ・respectively,nearthemouthofRiverNagara,and

alsoanassemblagewithabundanｔＴｓｚ`ｇｚｚａｎｄＡ６泥ｓｆｒｏｍＹｏｋｋａｉｃhinearNagoyalnthe

Kwantodistrict,fromthepeatlayerlyingundertheUpperLoambedontheMaebashiterrace

theKwantoLoamResearchGroupreporteddominant〃"妬Ａ６泥s,ａｎｄＰｾﾞCezzandminorF1Zgz`s

anddeciduousQ"cγcz`s・Thispollenassemblageindicatesthatthevegetationofthattimemay

havebeeｎｓｉｍｉｌａｒｔｏｔｈａｔｏｆｔｈｅｌｏｗｅｒｐａｒｔｏｆtheSubalpineforestorthesoutherｎｐａｒｔｏｆｔｈｅ

Ｓｕｂｐｏｌａｒｚｏｎｅａｔｔｈｅｐｒｅsentlnthesamecase,intheV3-layer,ofthefamousEkotaplantbed

inTokyoradiocarbondatedbetweenll,330±２６０ｙｅａｒｓＢＰ・ａｎｄ11,843±３００ｙｅａｒｓＢＰ.,ｔｈｅ
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samevegetationhasbeenfoundlnthｅＯｚｅｇａｈａｒａｓｗａｍｐｏｆＮｉｋｋｏＮａｔｉｏｎａｌPark，the

diagramismarkedbydominantpollengrainsofPH""s,Ａ６左ｓａｎｄ乃Zgzzwithsmallamounts

ofBC〃/ｈｌＡ/"zZsdeciduousQ"e"z`sfromtheOldPeatlayer・FurthernorthintheJapanese
Islands,intheHokkaidodistrict,pollendiagramsfromFuren(radiocarbondateof9,750±２２５
yearsago)andChichibubetsuaredominatedby月Ceα,A6iBs,月"z4sandUb9zz4s・Therecontain

especiallyhighpercentagesofnonarborealpollen・Thevegetationcharacterizedbythetwo

pollenassemblagesmentionedabovemaybesimilartotheforest-likepark-landdistrctedin

thenorthernpartoftheSubpolarzoneoraroundtheupperpartoftheSubalpinezoneatthe
present．

、Asstatedabove,thevegetationduringtheLateGlacialagefollowingtheNissouristadialis

summarizedasfollows:alternatingcoldandmildclimatesoccurredrepeatedlyintheJapanese
IslandsThevegetationinsomedistrictsdurinngthecoldperiodsisinferredtobeasfollows：

intheHokkaidodistricttherewasaｆｏｒｅｓｔｓｉｍｉｌａｒｔｏｔｈｅｕｐｐｅｒｐａｒｔｏｆｔheSubalpinezoneor

apark-land;inthenorthernKwantodistrict,thevegetationwassimilartothatoｆｌｏｗｅｒｐａｒｔ
ｏｆｔｈeSubalpinezoneortheSouthernpartoftheSubpolarzone;inthesouthernpartofthe
Japaneselslands,Ａ６魅，、，"gzzanddeciduousbroadleaftreessuchasdeciduousQ"eγcz`ｓａｎｄ
ＢＣ〃lzprobablydominated

Ontheotherhand,duringthemildperiods,ｆｏｒexample,fromthemiddlelayeroftheOhmi‐

hachimanplantbed(datedatl2,650±250radiocarbonyearsBP.),thevegetationshownbythe
pollendiagramwasmixed,withsometreesoftheSubalpineorTemperatezonestogetherwith
Qz`e"z`sgjzz"αＬＱ.ｓね"⑰ﾉｉｙﾉﾉﾋzwhichgrowintheWarmTemperatezoneatthepresent・The

climaterepresentedbythisvegetationisbelievedtobecorrelateｄｗｉｔｈｔｈｅＡｌｌｅｒ６ｄａｇｅｏｆ
Ｅｕrope・

ＡｌthoughitisbelievedthatthesequeｎｃｅｏｆｃｌｉｍａｔｉｃｃｈａｎｇｅｓｉｎｔｈｅＬａｔｅＧlacialagewere
clearlyworldwide,thishasnotyetbeenclearlydemonstratedintheJapaneselslands・The

problemmaynotbesolveduntilmanymoredetailedpollendiagramsandnumerous

radiocarbondatesareobtainedthroughouttheislandsFurthermorethevegetationmayhave

beenmorelocalizedinitsmanifestations・ItwillbestillmoreyearsbeforetheEuropeanand
NorthAmericansequencesofQuaternarychronologyandbiostratigraphycanbecompared
withthatofJapan・

AlthoughinsouthernSweden，ＤｅｎｍａｒｋａｎｄＥuropeancontinentthelatestGlaciation

(Ljungner,l945andl949）issubdividedintoearlyandlatestagesbytheG6taAlvand
Denekampinterstadialsrespectively,theclimateduringtheinterstadialswasnotaswarmas

thatoftheJamtlandinterstadiaLForexample,intheG6taAlvinterstadialitappearsthatonly
thewestcoastandsouthernmostpartofScandinavianPeninsulaweredeglaciated，although
somedifferentopinionshavebeenproposedTherefore,ａｌｍｏｓｔｔｈｅｗｈｏｌｅｏｆＦｉｎｌａｎｄｍａｙｈａｖｅ

beencoveredbyiceduringthelateWeichselianglacialstagelnthemainpartofScandinavia

theicesheetoftheWeichselianGlaciationl１１(thelateWeichselianglacialstage)appearsto
havebeenadirectcontinuationoftheWeichselianGlaciatioｎｌＩ（themiddleWeichselian

glacialstage),althoughagaindifferentopinionsｈａｖｅbeenproposedA1thoughthemaximum
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extentoftheicesheetthroughouttheWeichselianglacialstageisnotknown,thesouthernmost

coastofNorwaywasdefinitelycoveredbyice，ａｎｄｔｈｅｍａｘｉｍｕｍｅｘｔｅｎｔｏｆｔｈｅｉｃｅｓｈｅetin
Swedenwasdatedatabout20,O00yearsBPorsomewhatlater(Andersen,1965).Accordingto

Pratje（1951）andValentin（19577)，ｌａｒｇｅｐａｒｔｓｏｆｔｈｅＮｏｒｔｈＳｅａｗｅｒｅｃｏveredbythe
Weichselianicesheet,ａｌｔｈｏｕｇｈｔｈｅｔｉｍｅｏｆｔｈｉｓｃｏｖｅｒｈａｓｎotbeenA1pineplantswithunusual

distributionpatternssuchasA池沈ism〃0,ＷｇｚｃｚｚａｎｄＳｍｊﾉｳzZgzzhjCmci/MZzgrowinthe
mountaindistrictsｏｆＮｏｒｗａｙ・Manyplantsgrowinginthesedistricｔｓａｒｅｔｈｅｓａｍｅａｓ，or

closelyrelatedtospeciesgrowinginGreenlandandCanada・AccordingtoNordhagen(1937)and
Dahl(1955),thedistributionpatternandsomeotherbotanicaldataindicatethattheplants
survivedinice-freerefugesduringtheWeichselianstage，notfarfromtheirpresent-day
habitats

TheyoungerD6sebacka-EllesbointerstadialinSwedenmaybeccorrelatedwiththe
Hengelo-DenekampinterstadialsinHollandOrganicmatterfromsandlayersatEllesboand
claylaminaatD6sebackahavebeen14Cdatedat30,350ａｎｄ24,020ｙｅａｒｓＢＰ、respectively・In
theJapaneselslands，about25,000yearsBP.，theHichinoeterracedeposits（l4cdating
25,8500±1,300yearsBP.;Takeuchi,1970),thehorizonl55metersbelowtheB24WellinNiigata
(１４Cdating24,600±1,500yearsBP.;NiigataQuaternaryResearchGroup,1972),andthemiddle
horizonofTomitaGravelbed('4Cdating26,000±８００yyearsBP.)ｈａｄｖｅｇｅｔａｔｉｏｎｗｈｉｃｈｗａｓ

ｔｈｅｓａｍｅａｓorsimilartothevegetationwhichgrowsinthepresentTemperateormontanezone

intheJapaneselslandsThisindicates,therefore,thataminorwarmperiodoccurredduring
thisshorttimeThiswarmperiodmaybecorrelatedwiththeyoungerD6sebackainterstadiaL
AstheG6taAlvinterstadialhasbeendated25,000-35,000ｙｅａｒｓＢＰ、ｉｎＳｗｅｄｅｎ，this

interstadialmaybecorrelateｄｗｉｔｈｔｈｅｓｈｏｒｔｗａｒｍｐｅｒｉｏｄｏｆｔｈｅJapaneselslandsjust
mentioned

lnDenmark，theMainWeichselianglacialstageisdividedintosixsubstages,namely，ｔｈｅ

Ｍａｉｎ（MainStationaryLine),EasternJylland，Belt，Langland,《C，',andOresundsubstages
(HansencMJL，1960)．ＡＩthoughtheMainWeichselianicesheｅｔｄｉｄｎｏｔｃｏｖｅｒｔｈｅｗｈｏｌｅｏｆ
Ｄｅｎｍａｒｋ，itreachedawesternboundarycalledtheMainStationaryLinebetweenthe
northwesternandcentralpartsofJyllandThisboundaryextendsfroｍＤｅｎｍａｒｋｔｏＨａｍｂｕｒｇ
ａｎｄｔｈｅｎｃｅｔｏｔｈeBrandenburgterminalmorainesofGermany・

Ｔｈｅchangesinclimate,glaciation,andvegetationduringthestadialandinterstadialinthe
above-mentioneddistrictsofEuropeweresummarizedclearlybypalynologists、Recentlyvan

derHammenandothers(1971)presentedaschematicrepresentationoftheglacial-interglacial

cycleintheNorthwesternEurope・Accordingtothemaninterglacialbeginwiththe
replacementoftheope、(tundra)vegetationbypine-birchforest・Furtherameliorationofthe
cilimateresultsinthereplacementofthepineforestbytemperatedeciduoustrees・Firstthere
isamaximumofhazelにCry/z`Sﾉ,butgraduallyanoakforest,withlocalelms(Uﾙﾘzz`Sﾉａｎｄｌｉｍｅｓ

価/jZZLbecomesdominant・Thenthereisafurtherincreaseofshade,andaslightlyacidforest
soilisformedHornbeamappears,andisreflectedasaclearzoneinthepollendiagram・Ａｔ

ｔｈｅｓａｍｅｔｉｍｅｆｉｒ(、肱Sノandspruce旧Ceのbegintoappear,oftenresultinginwell-marked



FUJIwN.：WeichselianPalaeovegetationandPalaeoclimateinNorthwesternEuropeandJapan 7７

Ne8hermndB BoBota＆Ｆ１円uene

□、

Holocone

／

L］(PoIardeBe｢8）

$§SSS
56mpwp薊。

鍵 P1eni-glacia 》｜紐
■
一
目
一
ｍ
５
－
－
日
二
。
」
①
宝
』
。
Ｅ
占
王

ノ

(PolardeBert）
、、

…『芒ざ
ミ
ヘ
き
「
…

Br6ruP
Ｅａ｢lyglacial

{`参，

Ｅｅｍｉａｎ

(ＲｉｓＢ、Wiirmlnte｢glacial）

EemiBn

２５ｍ

Rnnlian

恥
”
北

．
ｍ
・
皿
四

ｍ
８

８
画
》
師

緬
肘
酎
》
帥
距

函
ｂ
ｃ
Ｐ
ｕ
、

０
ｓ
ａ
Ｃ
ｓ
ｌ

鰯
皿
□
■
□

因Qu…

ＥＺｗｏｉｎ……｡小･'
１０両ＳｔｅｌｅｍｅｎｔＢ

咽Hcrb。
（inCLPoIylepiB／AcaenB）

[二］Ａ１…P｡｡｡………

Fig2pollendiagramsfortheLastinterstadial(Eemian),Lastglacial(Weichselian),Holocene
fromtheNetherlands，Bogota，andFuquene(redｒａｗｎｂｙＦｕｊｉａｆｔｅｒｖａｎｄｅｒＨａｍｍｅｎ
Ｔｃ／α/､,1971)．



第３０号昭和５６年金沢大学教育学部紀要（自然科学編）7８

ＬＡＫＥＢＩＷＡＣＡＲＩＢＢＥＡＮＧＲＥＥNＷＥＵＲＯＰＥ

Ａ
、
』
㈹
の
』
Ｃ
』
ロ
ロ
の
勺
ロ
ロ
ロ
ゴ
⑪

Ｙ
Ｌ

ｎ
』

Ｍ
］
的
の
』
。
」
ロ
ロ
①
己
巨
ロ

、
〉
Ｕ
』

ｍｏＢｑ』■凸①二］）。“」医。『ロ①Ｅ
凸
凹
巨
宕
二
］
二
の
で

』
的
①
■
。
』
二
句
○

の
已
已
①
一
切
へ
凸
①
■
①
シ
ロ
ョ
』
ニ
的

。
。
。
①
■
功

日
目
一
二
⑭
色
①
で

湯
二
○
口
出
凶
・
』
回
』
』
”

●

助
山
岩
切
○
［
ｘ

ｕ
ｂ
ｍ

ｐ
ｍ
氏
Ｎ

ｐ
ｍ
Ｎ

弾
ｍ
Ｎ
Ｎ

Ｅ
』
口
滋
」
耐

二
戸
ロ
の
］

で
－
．
。

。
。
。

０

ＯＬＯＣＥＮＥ

碁に：1０

ｏ
ｍ

Ｉ

'ＷＥＩＣＨＳＥＬＩＡＮ
0－０

C-q

eｖｔｈｅｒｏｕｐｏｌｕ８

.~｡Ｌ
￣---

３０

ＥＥＭＩＡＮ
13000ＯＢＰ？

２

0-5

－－－.■■■-－－－￣'■■■■ﾛ!--

三二に二
ＳＡＡＬＩＡＮ

－ｌ

６

ＳｙｍｖｏＩＤｎＢＯ 一コ一

琴
８０

HＯＬＳＴＥＩＮＩＡＮ Kavalla

ｲベミニニニ一一一ｌ－－－－－－
ＥＬＳＴＥＲＩＡＮ？

－１－－

⑪
叩
画
釦

ＣＲＯＭＥＲＩＡＮｍ？

ミゴ…
ｄｅｐｔｈｉｎｍ．

－－１－－

!｡｡'〔ａ----------
７

■０

IOC

I２Ｃ

Fig3CorrelationdiagrambetweentheclimaticchangesinClombiaandGreece（ｖａｎｄｅｒ
ＨａｍｍｅｎｃｔａＬ,1971),thetemperaturecurvefromCaribbeａｎＳｅａ(Emiliani,1966),andthe
climaticchan貝efromLakeBiwa(Fuji)．Ｔｈｅｃ－１ａｎｄｃ－２ｉｎＦｉｇ３ｍｅａｎｃｏ－１ａｎｄｃo-21n
Figlrespectively・

zonesinthepollendiagrams・Spruce,especially,appearsabovethehornbeamzone・Finallythe

temperaturebeginstodecrease，resultinginpine-birchforest、Ｕｐｏｎfurtherdecreaseof
temperaturethisforestisreplacedbyanopenherd(tundra)vegetationExtremefull-glacial
conditionscausethecompleteoralmostcompletedisappearanceofvegetationandthe

establishmentofapolardesertinazoneimmediatelysouthandsouthwestoftheicesheet・ｓｏ‐
calledsteppeelementsaremorefrequentinthelateglaciations,ｂｕｔｔｈｅｒｅｓｅｅｍｓｔｏｂｅｄｏｕｂｔ
ｔｈａｔｔｈｅｃｌｉｍａｔｅｗａｓａlwaysrelativelydryduringthelateｒｐａｒｔｏｆｔｈｅｇｌａｃｉａｌｓａｎｄｔｈｅｅａｒｌｙ
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partoftheinterglacials・Theclimatewasrelativelyhumidduringthelaterinterglacialsand

theearlierglacials

ThechangeofvegetationintheJapaneselslandsduringtheWeichselianglacialstageis

summarizedroughlyasfollows：duringthestadialsthevegetationwhichnowoccursinthe

SubpolarorSubalpinezonesintheJapaneselslandsmigratedsouthwardintolowerareas、On

theotherhand，duringtheinterstadialsthevegetationwascomposedmainlyoftheplants

growinginthetemperateormontanezoneofthepresentJapaneselslands,andsometimes

containedsomeSubtropicalplants、SuchchangesofvegetationintheJapaneselslandswere

differentfromｔｈｏｓｅｏｆＥｕｒｏｐｅａｎｄｗｅｒｅｃａｕｓｅｄｂｙｔｈetopographyofEastAsia・Froma

worldwideviewpointthechangeofvegetationduringthePleistoceneperiodinEastAsia，

includingtheJapaneseIslands,hasbeenexplainedbyGray：glaciatedmountainchainssuchas

Pyrenees,Alps,Carpathians,andCaucasianMountainswereresponsiblefortheextinctionof

plantsinEuropeandwesternAsiaHowever，thenorthwesttrendingmountainchainsand

valleysofEastAsiaandeasternNothAmericapermitedsometemperateorWarmTemperate

plantstomigratesouthwardtowarmerdistinctsduringtheglacialorstadialandtoreturn

northwardduringtheinterglacialorinterstadialintervalssHowever,thewitherdosenotthink

thatthechangesinvegetationduringtheWeichselianstage，especiallyduringsome

interstadials,canberepresentedbysosimpleamodeLForinstance,inthesouthwesternpart

oftheJapaneselslandsduringthemiddleWeichselianglacialstageevergreenQ"c〃zUs

(=ｑ/cんMcz"oPsiSﾉgrewtogetherwithRZgz`s・Fromthisfactitmaybepresumedthattheclimate

duringthisinterstadialwascoolerinsunⅡner,sothatEZgz‘scouldsurvive,andmilderinwinter，

thusallowingevergreenQ"e”z`stoexist・Suchaclimatemightbearesultoftheinfluenceof

theJapanCurrentontheJapaneselslandsinthatage．

Acknowledgements

Thereserchreporedinthisarticlehasbeencarriedoutwhilethepresentwriterwasstudying

attheDeparmentofQuaternaryGeology,UniversityofUppsala,Uppsala,Swedensincel975

ThewriterwishestoexpresshisappreciationfortheNationalScienceFoundationfromthe

MinistryofEducation,』apaneseGovernment,forl971tol980,andfortheNationalFoundation

fromSwedishGovernmentsincel975・

ThewriterwishestoexpresshissincerethankstoProfessorLars-KOnigK6nigssonofthe

DepartmentofQuaternaryGeology,UniversityofUppsala,fordiscussionandvaluablehelp

withthecomparison;toDrJanLundqvistoftheGeologicalSurveyofSweden,foradvicewith

information；ｔｏＤｒ・HookeoftheDepartmentofGeologyandGeophysics，Universityof

Minnesota,Minneapolis,Minn554555,theUnitedstatesofAmerica,andtoDrHaraldAgrell

andMrsAgnitaEkmanofUniversityofUppsala，ｆｏｒcriticalreadingofthemanuscript；to

EmeritusProfTeiichiKobayashiofUnivesityofTokyo,MemberoftheJapanAcademy,for

hiskindadvice、ForresearchingfacilitiesthewriterisindebtedtoProfessorDr・ShojiHorie

ofUniversityofKyoto,Japan．



第３０号昭和５６年金沢大学教育学部紀要（自然科学編）8０

ＪａｐａｎＰｍｃ・ノヒZPα〃Aczzzﾉ.,４８，５００．５０４．

FUJI,Ｎ､，1973：ChangeofClimateduringthe

WeichselianStagebasedonPalynologicalＳｔｕｄｙ

ｏｆ２００‐ｍｅｔｅｒｓＣｏｒｅＳａｍｐｌｅｏｆＬａｋｅＢｉｗａｉｎ

ＪａｐａｎＰｍｃ・ん，α〃Ａα､/､,４９，７３７．７４１．

References

ANDERsEN，ＳＴ１９６１：VegetationanditsEnviron‐

mentinDenmarkintheEarlyWeichselial

Glacial(LastGlacial).Ｄ・ＧＵＩ1,75．

ANDERsEN，ＢＧ１９６５：TheQuaternaryofNorway．

Ｔ/zeGeo/ＤｇｉｃＳ〕1s/e腕s,Ｔ肋Ｑｚ《αね”α〃(iﾉ0/､1)ｅｄ

ムｙＲＡｊｖﾉｐｗＡＫ肋花応c/e"ｃｅＰｂｨ6/ＭｅだＡ

Ｄ/zﾉぶo〃ｑ／ﾉﾘﾊ〃Ｍｋｙ＆ＳＤ"s,肋c・’91-138．

ＤＡＨＬＥ１９５５：BiogeographicandGeologiclndica‐

tionsofUnglaciatedAreasinScandianviaduring

theGlacialAges・Ｂ２ｲﾉﾉ.GCC/､Ｓｂｃ.Ａ池.,66,1499．

DANsGAARnW.,JoHNsEN,Ｓ､Ｊ､，CLAusEN，Ｈ､Ｂ､，and

LANGwAYJr､１９７１：ClimaticRecordrevealedby

theCamｐＣｅｎｔｕｒｙｌｃｅＣｏｒｅＬａ花Ｃｅ"ozozc

C/tzcmノAgcs；cc/、ｂｙＴ〔ﾉﾉﾏEノロAﾉv）ＫＫ，Ytzル

Ｕ>ziD、Pj4ess，37-56．

ＤｏＮＮＥＲＪＪ、1965：TheQuatemaryofFinlandZ〃

GCCﾉﾛg/cSb1ste柳e,Ｔ/ｚｅＱ“たﾌﾞｳﾞﾘzα）２ｙｄﾉ0ノユルｚｆｈｙ

ＲＡｊｖﾉ、ﾉwA，Ｋ，Ｉ>zねγQscje"ｃｃＰｚｨ6ﾉﾉshe応ＡＤｊｚﾉお/0〃

ｑｆﾉｂ加川/2ｙ＆ｓｏ"s,肋c､，Ｉ卯-2〃

DREIMANIsA.，andKARRow，ＰＦ、１９７２：Glacial

HistoryoftheGreatLakes-St・Lawrence

Region,theClassificationoftheWisconsi、Stage，

anditsCorrelatives・肋陀ｍａｔわ"αノGCC/、Coj0g汎

1972,艶c、１２：Ｑ"αねmzzryGeoﾉDgWd・ｂｙＧﾉＬＭ

Ｅ，５１５
●

EBIILIANI，Ｃ､１９６６：PaleotemperatureAnalysisofthe

CaribbeanCoresP63049andAGeneralized

TemperatureCurvefortheLast425,OOOYears・

ノリ”GCC/､，74,109‐126．

FARRAND,Ｗ・Ｒ１９７１：LateQuaternaryPaleocli、

matesoftheEasternMediterraneanArea・Ｌａｊｅ

Ｇｅ"ｏｚｏｉｃＧｅｏ/ｏｇ/czzノAgcsed6yTUREKLAjv)Ｋ

Ｋ，Ｙ‘んＵ)zizﾉ．ＰγESS，５２９‐564．

FIRBAs，Ｆ１949：Sptit・undnacheiszeitliche

WaldgeschichteMitteleuropasnordlichder

Alpen,ＥｒｓｔｅｒＢｄ：Ａ/19℃”e/"eWtzk姥Ｕｓｃｈｉｃ肱

九"α,480．

FuJI,Ｎ・andHoRIE,Ｓ１９７２：PalynologicalStudyon

２００‐ｍｅｔｅｒｓＣｏｒｅＳａｍｐｌｅｓｏｆＬａｋｅＢｉｗａｉｎ

－１９７５：ＣｌimaticChangeoftheWisconsinStagein

theJapaneselslandsfromtheViewpointof

PalynologicalResearchルノＣＯ/〃"0/Ｄｇ)ﾉCl／Ｌａｈｅ

Ｂ/z(ﾉαα〃ﾉﾊcルカα"ｅｓｃＰノビis/OCC"ｅ(ｖｏＬ３)ｅｄｂｙ

ＨｏＲＩＥ,Ｓ､，３２１‐353．

HAFsTEN，Ｕ、１９５６：Pollen‐analyticinthelnner
o

OslofjordArea．Ｕ;Ｂ､Ａ・’1956．

HANsEN,Ｓｌ９６５：TheQuaternaryofDenmark．Ｚ腕

GCC/qgicSyste叩s,Ｔ/ｔｅＱ”/W'７０ａｒｙ(ｾﾉo/､Ｚ池d、ｂｙ

ＲＡﾉvKA/M４，Ｋ，ルノe応c/e"ccPzC6/Ｍe応ＡＤｉｚﾉ航0〃

ｑ/ノリ肱川"＆ｓｏ"s’んc､，１．９０．

－，ａｎｄＮＩＥＬＳＥＮ,Ａ､Ｖ、１９６０：GlacialGeologyof

SouthemDenmark．Ｇ"枕ｊｏＥｘｃ況獅o"s1VOs．Ａ

‘４α"‘Ｃ39．肋ね”、GCC/、ＣＯ"g尻，ＸＸＩＳ℃ss/0'２，

ｊＶｂｍｂ"、

HATANAKA，Ｋ、１９６７：PollenAnalysesofSome

DepositsfromtheTokusaBasininYamaguchi

PrefectureR"/、Flzc・ＧＢ"c）zzノＥＺ/C/､，Ｋ/jZz‐

Ｋ〕ﾉｚＭ〃Ｕ>Zip.，３，２，２５‐34.

Ｕ971：PollenAnalysesonaFewPeatLayersin

theLowlandsofYamaguchiPrefecture・RePム

Rzc・ｃｃ"e、ノＥﾋﾉ"czzZ/o",Ｋ肋A2)ﾉｚＭ〃Ｕ"ｉｚﾉ.,5,1.

2,1‐７．

－１９７３：TheVegetationalChangeoftheSubo‐

nadaCoastalHegionintheKitaKyushu

District・ＳｐｅｃｉａｌＲｅｐＬｏｎｔｈｅＷｅｓｔｅｒｎＰａｒｔｏｆ

ｔheSetoInlandseaDistrict（Ministryof

Construction),２５．３５．

KAwAI,Ｎ､，YASKAWA,Ｋ､，NAKAJIMA,Ｔ､,TORII,Ｍ，and

HoRIE，Ｓ１９７２：OscillatingGeomagneticField

withaRecurringReversalDiscoveredfromLake

Biwa、Ｐｍｃ．〃Pα〃AaZCf，４８，３，１１８６．１９０．

ＫＩＮＤ,Ｎ・Ｖ１９６９：ProblemsConcerningSynchroniety

ofGeologicalEventsandClimaticFluctuations

inUpperAnthropogen肋伽Ｍｚｊ〃Ｐ)り6〃"ｚｓｑ／

Ａ"ﾉﾉimgu〃Geomg〕ノノ〃ＥＭｚｓｍｅｄ６ｙＢＥ１′E,Ａ、

Ⅸ，２１３５．



ＦＵＪＬＮ.：WeichselianPalaeovegetationandPalaeoclimateinNorthwesternEuropeandJapan 8１

KoBAYAsHI，K1958：QuaternaryGlaciationofthe

JapanAlps・ノリ”Fhzc．Ｌ/６．４Ｍs＆Ｓｃ/､Ｓ/2帖〃〃

Ｕ>zノル１Ｗ、８，１３‐６７．

LJuNGNER,Ｅ１９４５：ＤｅｎＳｉｓｔａＮordiskaNedisningens

FOrloppGFE67,225.

-1949：East‐ｗｅstBalanceoftheQuaternarylce

CapsinPatagoniaandScandinaviaBGIU，３３，

１１．

LuNDQvIsT,Ｊ､1965：TheQuaternaryofSwedenT/zc

Geo/DgiCSys陀加s,Ｚ腕Ｑ”た池cz7WtﾉｏＬ１）ｅ`・ｈｙ

ＲＡＭｍ/V/ＬＫ，〃ぬ応c陀"ｃｅＰｚ‘6/Ｍｃ）ｑｓＡＤｉｚﾉＭeｿｑｓ

ＡＤ/zﾉ帥〃clfﾉｂ加川/ｇｙ＆ＳＤ"s,肋c､,139‐198．

MINATo，Ｍ､1972：LateQuaternaryGeologyin

NortherｎＪａｐａｎ２４‐んZW'Ｍｉｏ"αノGCC/Dgjczzノ

Ｃｂ）29ﾉｲBSS（1972)JSecjio〃１２Ｑｚｲ伽加α)eyGeo/09ｙ

（Conveners：FYLEs,』.Ｇαα/､),６３．７１．

NAKAMuRA,Ｊ､1965：VegetationalChangeSincethe

LateGlacialAgeintheLowlandAreasofKochi

PrefectureQz‘吻畑、Ｒｅｓｍ、ノヒZPα",４，２００．２０７．

－１９６８：Ｐａ]ynologicalStudyontheQuaternary

DepositsinHokkaidoDistrict・Vegetational

ChangeSincetheWiirmGlacialAge（Ｖ)．Ｒ⑰/、

ＫＤＣﾉb/Ｕ，zizﾉ.，馳広IVZzﾉﾉo".，１７，３９‐５１．

－１９７３：PalynologicalAspectsoftheLate

PleistoceneinJapanQ"αだ”・RcseqノiZPα",１２，

２，２９‐３７．

NIsHIMuRA，Ｓ，andYoKoYAMA，T1974：Fission‐

TrackAgesofVolcanicAshesofCoreＳａｍｐｌｅｓ

ｏｆＬａｋｅＢｉｗａａｎｄＫｏｂｉｗａｋｏＧｒoup

Ptz陀0伽"0/ｏｇ)ノCl／Ｌα虎ｅＢｊｚ(ﾉαα"c]ノｔ/ｚｅノヒZ，α"Ｂｓｅ

Ｐﾙだわ“"ｃ(zﾉｏＬ２）ｃｃ１Ｚ６ｙＨＤＲﾉE,Ｓ，38.46.

-1975：FissionTrackAgesofVolcanicAsheｓｏｆ

ＣｏｒｅＳａｍｐｌｅｓｏｆＬａｋｅＢｉｗａａｎｄｔｈｅKobiwako

Group(2)．Ｈz/CO伽"o/Dg)ﾉｑ／ＬﾛﾉｂｅＢｊｚｲﾉαα"‘伽

ノZIPα"csePたぶOCC"ｅ(zﾉ０１３)e`ｂｙ肋R四ｓ,１３８‐

142．

NoRDHAGEMR１９３６：SkandinaviasFjellfloraog

densrelasjontildensisteistid．〃巾．１V０Ｍ（19,

SA2zzMノＭｚｊ"ﾉﾌﾞ、ﾉbCzw6VcγノHbjsi"g/b）ｎｓＺ〃aL

PRATJE,０．１９５１：DieDeutungderSteingrUndeinder

NordseealsEndmoranen，ＤＣ"/Ｊ;ＭｍｇｍＰｈ．Ｚ

４，１０６．

QuATERNARYFLoRAREsEARcHGRouR19７４：The

GeohistoricalSuccessionoftheVegetationand

theClimaticChangeduringtheWiirmGlacial

AgeinJapａｎＱｍねγ７０．ＲＢＳＣα,ノヒZPα",１２，４，１６１‐

176．

SuzuKI,Ｋ､,YOSHIDA,Ｇ,andlTo,Ｈ１９６７：Quaternary

HistoryoftheKoriyamaBasin，Fukushima

Prefecture・Ｓｒｊ．Ｒ"/、Flzc．Ｅﾋﾉ"ｃｊ．肋ﾉｾ2Ｍ〃α

Ｕ)z/ひ.，１７，４９‐６７．

VALENTIMH．１９５７：GlazialmorphologischeUn‐

tersuchungeninOstenglandAbhandLGeogmP"．

〃s/､，DC"．Ｕ"ｊｚﾉ．Ｂｂγﾉﾉ"’４．

ＶＡＮＤＥＲＨＡＭＭＥＮ，Ｔ､,WIJMsTRA，Ｔ､Ａ､，ａｎｄＺＡＧｗＩＪＮ

Ｗ.Ｈ、１９７１：TheFloralRecordoftheLate

CenozoicofEurope．Ｌαねα"ｏｚｏｉｃＧﾉZzcmノAgEs・

ＣａムyTUREﾉ、lﾉV,ＫＫ，Ｈz陀吻/zﾉ．、ｲBSS,394‐

424．

WIJMsTRA，Ｔ､Ａ、１９６９：PalynologyoftheFirst30

Metersofal20mDeepSectioninNorthern

GreeｃｅＡｃｊＺｚＢｍＺｚ"・lWcγ/､，１８，４，５１１．

－１９７５：PalynologyandPalaeoclimatologyｏｆｔｈｅ

ＬａｓｔｌＯＯ,O00Years、Ｐｍｃ、肋ｅＷｊ'0／L4/ＭＡＰ

Ｓ)ﾉ”osj況加ｑ／ｏ〃Ｌｏ'Ｚｇ‐九"〃Ｃﾉﾉ”/ｊｃ

Ｆ/"ｃｊ"α"o"ｓムｙＷＭＺノノUb/２０ｍﾉＤｇ？αzノＯ'9,肱α‐

〃o"，jVb．４２１；5-20.


