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主論文の要旨

「屋久島のニホンザルの異なる標高帯への生態学的適応に関す る研究」

屋久島の野生ニホンザルが標高によって異なるさまざまな環境 にどのよ うに

適応 しているかについて、密度 と食性を中心に して調査 した。まず、山岳地帯

で組織的な密度調査を行 うため、定点調査 と集団追跡を併用 した新 しい密度調

査法を開発 し、その有効性を検討 した。 この方法による推定集団密度 は、群れ

の遊動域の分布か ら計算 される集団密度 と一致 していたため、この方法は有効

であると考え られた。次に、この方法を用いて屋久島西部域の海岸部か ら山頂

部までの相対集団密度の変異を調査 した。密度は標高400mま での海岸 部だ けが

ほか よ りも高 く、それ以上の標高帯では差がなかった。この要因の原因を検討

す るため、食物樹種の密度、単位面積あた りの食物種数、果実が利用できない

期間の長 さ、年間の総果実生産量を標高によって比較 した。サルの密度変化 と

もっとも対応 していたのは年間の総果実生産量であった。屋久島のニホンザル

は果実のない時期に成熟葉を採食す るが、これでは一 目の必要エネルギーを完

全には満足できず、果実の多い時期に蓄えた脂肪 を消費 しなければな らない。

果実生産量は、果実の多い時期だけではな く、少ない時期にも脂肪蓄積を通 じ

て屋久島のニホンザルの密度を制限 していると考えられた。最後に、糞分析法

を用いて海岸部から標高1200mま での地域 の食 性 を2年 間にわた って調査 した。

食性 は標高によって連続的に変異 し、標高が低いと種子・果実、昆虫を多 く採食

し、標高が高い と繊維性食物、キノコを多 く採食 した。 どの標高帯で も食性 に

季節変化があり、9月 か ら11月 にかけて もっ とも種子 ・果実 を多く採食 し、2月

か ら4月 にか けて繊維性食 物 をもっ とも多 く採食 した。 このよ うな変化は果実

生産 と種子・果実食物種の多様性の変化に対応 していると考えられた。
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Chapter1.INTROI)IJCTION

Japanesemacaque(Macaca/ilscata)isoneofthefewspecieswhichhave

radiatedintotemperateregions.Temperateregionisamarginalhabitatfbrprimates,

consideringmostoftheextantprimatesinhabitinthetropics.Ecologicaladaptations

ofJapanesemacaquesintemperateregionswouldrevealthepotentialofadaptability

primateseverhave.

Recently,comparativestudiesofbasicecologicalcharacteristicsofprimates

amongcomlnunitiesorcontinentshaveincreased,andrevealedimportant

characteristicsonprimatecommunitystructureinthetropicalfbrest(Fleagleetal,

1999).StudiesonJapanesemacaquesmayofferanewperspectiveonthesetopicsby

comparisonbetweentemperateandtropicalfbrest.

Basicecologicalinfbrmation,suchasdiet,density,orhabitatisindispensable

fbrstudyingthespecies'ecologicaladaptations,however,studiesonthesecharacters

havebeenrarelyconductedinJapanesemacaques.Forexample,systematic

descriptionofthedietfbrmorethanoneyearisfbundonlyinHill(1997),andtherehas

beennostudyonthedensityusingsystematiccensustechniques.Infbrmationon

phenologicalchangesoffbodresourceisalsolargelylacking,althoughseasonalityis

suggestedtobetheprincipalcharacteroftemperateregionsconsideringitsstrong

abioticseasonalit)～suchastemperatureanddaylength.

Inthisstudy,Ipresentdataondensity,diet,andhabitatofJapanesemacaques

inYakUshima,YakUshimaisanidealsiteforecologicalcomparison,as

within-populationvariationinhabitatisexpectedtobethelargestfbrthisspecies.In

YakUshima,Japanesemacaquesarecontinuouslydistributedfromcoastal

warm-temperatebroad-leavedevergreenforesttosubalpinesummit(Ybshihiroetal.,

1999).Thelowlandfbrestistherichesthabitatfbrthisspeciesintermsoffbod

productivityandclimate(Mamhashi,1980)・Ontheotherhand,thesummitmaybe
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climaticallysimilartothenorthernlimitofthespeciesdistribution(Eguchi,1984)・

Thisthesisiscomposedoffivechapters,First,Ipresentgeneralintroduction

ofthehabitatinYakUshima(Chapter2).Second,Iexaminethereliabilityofanew

methodtocensusofJapanesemacaquesinmountainoushabitat(Chapter3)・Thesteep

terrainofhabitatsinhabitedbyJapanesemacaqueshavepreventedtoconduct

systematiccensus,thusthisnewmethodisexpectedtobeamethodological

breakthrough.Thirdl)～usingthisnewmethod,Istudythealtitudinalvariationof

densityofJapanesemacaquesinYa㎞shima(Chapter4),Thedete㎜inantsofthe

variationareexploredbycomparisonsofhabitatvariables.Lastly,Ifbcuson

altitudinalvariationinthedietinrelationtothevariationinfruitingPhenologyand

productivity(Chapter5).
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Chapter2.STUDYSITE

YakushimaIslandislocatedinthesouthwestpartof∫apa11(30.N,131.E),and

occupiesanareaof503km2,withthehighestpeakbeing1,935ma。s.1.Meanannual

precipitationrangesfrom2,500mmto4,700mmalongthecoast,anditexceeds8,600

mmintheupPerarea(Eguchi,1984).Inthecoastalarea,themeanannualtemperature

is20.C,andmeantemperatureofthecoldestmonth(Feb川ary)is11.C(Tagawa,1980)・

Japanesemacaquesandsikadeer(Cθrレ 〃sniponTemminck)aretheonlylarge

mammalsinhabitingthisisland.

Kimura&Ybda(1984)classifiedthevegetationwithaltitudeintofivezones.

(1)Subtropical-warmtemperatetransitionalzone(0-99ma.s.1.):subtropicalplantssuch

asstranglerfigs(FicussuρerbaandF、microcαrlフa)aremixedwithwarmtemperate

evergreenbroad-1eavedtrees.(2)Warm-temperateevergreenbroad-1eavedfbrestzone

(100-799ma.s⊥):warm-temperateevergreenbroad-leavedtrees(e.g.,CastanOpsis

cuspidUta,g〃 θκ 〃∬ulicinaandl)ゴstyliumracemosum)arepredominant.(3)

Warm-temperate/cool-temperatetransitionalfbrestzone(800-1,199ma.s.1.):

warm-temperateevergreenbroad-leavedtreessuchasguercusacuta,g〃 θκ 〃∬alicina,

1)isζ ソliz〃1race〃10szt〃1,andconiferssuchasCつ クto〃leria/aPonゴca,ノ4bies/irma,and

Tsugasieboldiiaremixed.(4)Cooltemperatezone(1200-1699ma.s.1.):Coniferssuch

asCりptomer/a/Oponica,Abies.firma,andTszigasieboldiiaredominant.(5)Summit

dwarfscnlb(1700m-):talltreescannotgrow,andbamboo,Pseudosasaowatarゴ ゴ,cover

thesummit.
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Chapter3:CENSUSMETHOI)

Introduction

Linetransectcensusisusuallyusedtoestimategroupand敵population

densityofdiurnalprimates(Defler&Pintoら1985;Brockelman&Ali,1987;

Whitesideseta1.,1988,Lahmeta1.,1998;Johnson&Overdorff,1999;Mitani,

Struhsaker&Lwanga,2000;Fashing&Cords,2000;Brugiere&Fleur)～2000)。In

thismethod,researcherswalkalongalongstraighttransectandrecordthedistancefrom

thetransecttogroups(ornests,individuals,etc.)observed.(iroupdensityis

calculatedbyestimatingthedetectabilityfilnctioninrelationtotransect-groupdistance

(Bucklandeta1.,1993).Howeveちthismethodisnotapplicabletopopulationsin

mountainoushabitats,whicharetoosteeptosetuplongstraighttransects .For

example,Japanesemacaquesaswellasothermacaquesintemperateregions,have

neverbeencensusedbyaIinetransect(Oietal.,1994).Mostofthedensitydataon

Japanesemacaqueshavebeenderived丘omintensivestudies(e.g.Takasaki
,1981).

Pointcensusiso食enusedinornithologicalstudies(Buckland,1987) .

Unlikelinetransectcensus,itisfeasibleeveniftheterrainissteep.Thecensusof

gibbons(夏 アlobates1ガleatus)inThailand(Brockelman&Srikosamatara,1993)and

tarsiers(Tarsiusspectrum)inIndonesia(Gursk)～1998)areamongthefewexamplesof

pointcensusappliedtoprimates.Datawereanalyzedinadifferentway丘omline

transectcensus・Inthegibboncensus,eachgroupcouldbeidentifiedbythecharacter

ofloudsongs。Groupdensitywascalculatedbydividingthecumulativenumberof

groupsidentifiedatthepointbytherangeareawherethepointobserverwasableto

hearloudsongs・Inthetarsiercensus,Gursky(1998)establishedalhagridand

checkedwhetherornotagroupwasinthegrid.Howeveちthesetwomethodsarenot

apPlicabletomostofthediurnalprimatesbecauseusually(1)primategroupscannotbe

identifiedbyvocalcharacteristics,and(2)groupdensityistoolowtocollectenough
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datawithsmallgridssuchasl-ha.

Itispossibletoestimatedensitybypointcensusinthesamewayasline

transectcensusaslongasgroup-pointdistanceismeasuredprecisely(Bucklalldeta1.,

1993).Whenpointcensusisappliedtoprimates,researcherso負enhavetodependon

notonlyvisualbutalsoauditorycuesbecauseofthelowdensityandpoorvisibility。

However,itisdifficulttorecordthedistancepreciselywhengroupsaredeteCtedby

auditorycues.WedevisedanewmethodbycombiningPointcensusandgroup

fbllowstomeasurepoint.groupdistanceprecisely.WeusedthismethodonJapanese

macaquesinYakUshima.Groupdensitywasalsoestimatedbyhomerangedatato

examinethereliabilityofournewmethod.

Methods

PROCEDUREOFTHECENSUS

Weregardagroupasaclusterofmacaquesthatarewithin500mofeach

other.However,macaqueswholiveindifferentsocialunits(troops,hereafter)arenot

regardedasthesamegroupevenwhentheyarewithin500m.Thesecasesshouldbe

treatedastwodifferentgroupsthatareincloseproximity(`approach',hereafter).

Weestablisheda7km2censusareainthewesternareaofYakUshima.The

altitudeofthecensusareais700-1300mabovesealeve1.Thevegetationisthe

transitionalforestbetweenaconiferousforestandawarm-temperatebroad-1eaved

evergreenfbrest(Kimura&Ybda,1984;chapter2).Abouttwo-thirdsofthecensus

areawaslogged5-15yearsago,

ThebasicdesignofourcensusisthesameasthatofOietal.(1994).To

sampletheresearchareaevenly,wedividedthecensusareaintotwenty-eight500×500

mquadrates(Fig.3-1).Observerswerepositionedineachquadrateatafixedpoint

wheretheycouldgetagoodviewoverthequadrate.AIIofthepointswereonridges,

sometimesatpeaks.Alloftheobserverswereinexperienced,andtheyweretrained
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fbronedayprecedingthecensus.Inthisstudy,280bserverssimultaneouslysearched

formacaquegroupsvisuallyandauditoriallyfrom6:00-7:00toaround15:00-16:00・

Inaddition,fburteenexperiencedresearchersfbllowedgroupsthatapPearedinthe

censusareawheneverpossible,Theyrecordedthelocationofthecenterofthegroup

atleasteveryhou二Pointobserversandgroupfbllowerscommunicatedwitheach

otherbywalkie-talkies.WecarriedoutthecensusforsixdaysfromAugust2to7,

2000.OnAugust2and3,wesampledonly16andeightpoints,respectively,because

somepointswerenotaccessibleduetotheswellingofariver.Itdidnotrainandthe

windwasnotstrongduringthecensus.Duringthecensus,onlyfburtroopswere

successfUllyfbllowed(Fig.3-1).Mostoftherangeofthesetroopswasdisturbedby

loggingactivities.TheexactgroupsizewasunknownexceptfbrtheHRtroop(25).

However,allofthetroopsappearedtobelessthan30insize.TheHRtroopwas

totallyhabituated.ThePEandSYtroopswerepartiallyhabituated.TheOMtroop

wasveryshytowardobservers.Thesefburtroopswerefbllowedfbr144hoursin

total.

Ateachpoint,wecountedthenumberofgroupsdetectedineachhour

(6:00-6:59,7:00-7:59,etc)asfbllows.Weconsideredthatagroupwasdetectedwhen

apointobserversawanyadultfemaleorjuvenileorheardvocalizationsofseveral

macaques.Observationsofadultmalesorvocalizationsofasingleanimalwerenot

treatedasdete(比ionofagroup.Thisisjustifiedbecauseall-malegroupsarerarely

foundinYakUshimaespeciallyinnon-matingseasons(Spragueeta1.,1998).Two

groupswouldhavebeencountedwhenasingleobserverheardvocalizations

simultaneously丘omtwoplaceswhicharemorethan500mapart ,althoughthisdidnot

occurduringthecensus.

Thenumberofgroupsdetectedeachhourwasaveragedfbreachdayandeach

point・Thisvalue,n,referstoasthenumberofgroupsdetectedinthefollowing

analysis・Whenthepointwascensusedfbrlessthan6hours,thepoint'sdataonthe
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daywasdiscarded.

MODEL

WeestimatedgroupdensityD丘omthenumberofgroupsdetectedateach

point〃withthefbllowingmode1.

Supposethatアisthedistancefromapoint,and8・(y)isdetectabilityorthe

probabilityatwhichagroupatdistanceアisdetectedbythepointobserverinanhour.

Then,ハ 乙theexpectednumberofgroupsdetectedatthepoint,isgivenasfbllows

(Bucklandeta1。,1993):

N・2Dπ ∬)79(ア)の(・q・1)

We・pPli・dth・h・lf-…m・lm・d・1(B・ ・kl・nd・t・L,1993),・ ・th・t8ω=・ 一がTh・n

1)iscalculatedbytransfbrmingeqn1:

卿L)
=(eqn2)π

ハCtheexpectednumberofgroupsdetected,isnotthesameas刀,theactually

countednumber.Itisbecausewhentwogroupsthatbelongtodifferenttroops

approach(stayclosertogetherthan500m),pointobserverscountthemasonegroup.

SupPoseBisthefrequencyofapProach,then

ハ「=n(1+B)(eqn3)

万lisproportionaltogroupdensityl)(SugiuraetaL,2000),thus

B=ゐ1)(eqn4)

wherebisaconstant.Fromeqns2,3and4,

肋D
=

π 一b2n(eqn5)

媚ゐ
=(eqn6)

(1+B)ha
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Th,・ef・re,tw・P・ ・am・t…a・enecessaryt…tim・t・D丘 ・m〃 ・0・ ・i・ ・L・

whichcanbecalculatedbyregressingtherelationshipsbetweendistanceand

detectabilityonthehalfLnormalmodel.,Lisreferredtoas`detectabilityconstant'

hereafter.Theotherisわ,whichcanbecalculatedfromB,the丘equencyofapProach・

byeqn6.

Thetwoparameterscanbecalculated丘omthedataofgroupfbllows.

Distancesbetweenthegroupsandallpointswithin1.1㎞ 丘omthegroupwere

recordedat50mintervalseveryhourBycheckingwhetherthepointobservers

detectedthegroupinthehour,weestimatedg(y).FrequencyofapproachBwasalso

estimated丘omgroupfbllows.

Resu}ts

CALCULArIONOFPARAMETERS

Detectabilityrapidlydecreasedwithpoint-groupdistance(Fig.3-2a).A

totalof1392group-pointdistancedatawererecorded,andgroupsweredetectedby117

points/hour.Themaximumdistanceatwhichagroupwasdetectedwas550m

Bucklandetal.(1993)recommendedtnlncatingthelarge-distanceobservationsbecause

thosedatadonotcontributetoestimating8(y),onlytoincreasingerrorThus,we

tnmcated10%ofthelargest-distancedetectiondatainthefbllowinganalysis.The

truncateddatacloselycorrelatedwiththehalfLnormalmodel(R2=0.964),withan

estimatedλ=30.6(Fig.3-2b).

Detectabilitydidnotappeartobeaffectedbythetroopidentityortopography

butbythetimeofday(Table3-1a-e).Therewerenosignificantdifferencesinthe

detectabilityconstantamongdifferenttroopsortopographicfactors(distance丘om

nearestridgesorrivers,andthedifferencebetweenmaximumandminimumaltitudeof

the500×500mquadrate)・Ontheotherhand,thedetectabilityconstantduringearly

morning(6:00-9:00)wassignificantlyornearlysignificantlysmaller(thusdetectability
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wasbetter)thanduringlatemorning(9:00-12:00)ora丘ernoon(12:00-).Wediscarded

datawhenthepointwasnotsampledfbrmorethansixhours.Thus,itwouldbe

justifiedtoneglecttheeffectoftimeofdayandusethesamedetectabilityconstant

(30.6)inestimatingthegroupdensity.

Asthepointobserverswereinexperienced,wewouldexpectdetectabilityto

improvewithgreaterexperience.Comparisonsofdetectabilityamongthefirst,second,

andIasttwodayswereinaccordwiththisexpectation(Table3-1f),butthedi丘brence

wasnotsignificant.

During144-hourgroupfbllows,groupapproachoccurredseventimes。Inall

cases,groupsapProachedoneofthefburtroops.Thus,Biscalculatedas

7/144ニ0.0486(times/hour)intherangeofthesefburtroops。Meannintherangeof

thefburtroops(10～16M,10～16N,seeFig.3-1)wasO.164,thusわiscalculatedtobe

O。0290丘omeqn6.

EST]MArlNGGROUPDENSITY

Thenumberofgroupsdetectedateachpoint,〃,averagedoverfbur-or

six-day-censusperiod,ranged丘omO.00toO.38(Fig.3-3a).

Bysubstitutingλ=30.6andゐ=0.0290intoeqn5,weobtain

D・30・6n(,q。5')

π 一 〇.887η

ThevariationinestimatedgroupdensityamongPointscalculatedfromeqn5'

didnotdiffbrsignificantly丘omnormaldistribution(Fig.3-3b;Kolmogorov-Smirnov

test,n=28,D=0.14,P>0・1)・The95%confidencelimitofestimatedgroupdensityin

thecensusareawascalculatedtobeL45±0.41groups/㎞2

Toexaminethereliabilityofourmethod,wealsoestimatedgroupdensityby

homerangedataoftheidentifiedtroopsinthecensusarea(Fig.3-1).Completehome

rangedataofneighboringtroopsareavailableonlyfortheOMtroop.Theexclusive
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homerangeoftheOMtroopwasO,478㎞2TheoverlapPedhomerangewiththePE

troopwasO.066km2,andthatwiththeSYtroopwasO.078㎞2ByWhitesideset

al.・smethod(1988),troopdensityinthehomerangeoftheOMtroopwascalculatedas

l/{0.478+(0.066+0.078)/2}=1.82troops/㎞2Thefrequencyofsubgroupinginthe

censusareaduringcensusperiodwas5/144.Therefbre,groupdensitywascalculated

as1.82×(1+5/144)=1.88groups/km2Sixpoints(12-14M,12-14N,seeFig・3-1)were

withinthehomerangeoftheOMtrooP.Groupdensityusingthedataofthesepoints

wascalculatedas1.96±0.63groups/㎞2.ofwhichthe95%confidencelimitincludes

thedensitycalculatedbyhomerangedata.

OPTIMUMCENSUSDURATION

Howlongacensusperiodisnecessarytoestimategroupdensityreliably?

Althoughthevariancedecreaseswithsamplesize,therelationshipisnotlinear.There

isoftenanoptimumnumberofsamplesizesabovewhichanincreaseinsamplesizeis

notmatchedbyacorrespondingdecreaseinvariance(Lahmetal.,1998).

Weestimatedgroupdensitywiththreeparameters:numberofgroupsdetected

atapoint(n),detectability(,1,),and丘equencyofapproach(B).Bwascalculatedby

limiteddata,soweexaminedtheothertwoparameters.Toobtainoptimumcensus

duration,weexaminedthechangein95%confidencelimitsofnand,1,withthe

durationofcensusdays.Examinationofnwasconfinedtothel3pointsthatwere

sampledfbrtheentiresixdays,

Fig.3-4ashowsthatusingdataofthefirstdayproducedaverywide

confidencelimitofη ・Theconfidencelimitbecamemuchnarrowerbyusingthedata

ofthefirsttwodays,or27detections.Byusingthefirstthreeormoredays
,ormore

than50detections,thewidthoftheconfidencelimitdoesnotchangesomuch .

Therefbre・threedayswouldbeenoughtoreliablyestimatethenumberofgroups

detectedinthepresentcase.
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Changesintheconfidencelimitofthedetectabilityconstantbecamestableon

thefifthday,or90detectionsoffbllowedgroupsand120hoursofgroupfbllows(Fig.

3-4b).Therefbre,fivedayswouldbeenoughtoestimatedetectabilityreliably.

Discussion

GroupdensityofJapanesemacaqueswasreliablyestimatedbythemethodof

combiningPointcensusandgroupfbllows.The`tnユe'densitycalculatedbyhome

rangedatawaswithinthe95%confidencelimitofdensitycalculatedbyourmode1.

Wediscusstheassumptions,robustness,andapplicabilityofournewmethod.

ASSUMPTIONS

Therearefbur負mdamentalassumptionsinpointandlinetransectcensus

(Brockelman&Ali,1987;Buckland,1993):(1)Animalsnearthepointortransectare

alwaysdetected,thusg(0)=1;(2)Distanceisrecordedprecisely;(3)Eachdetectionis

independent;(4)Locationsofanimalsarenotinfluencedbytheobservers.

Doesourcensusmethodsatisfytheseassumptions?

Thefirstassumptionseemstobesatisfiedbyourmethodasevidencedbythe

魚ctthatthedetectabilityattheshortestdistance(<50m)wasclosetoone(0.905).The

secondassumptionwasalsosatisfiedbecausewelocatedgroupsbyfbllowingthem.

Thethirdassumptionwouldhavebeenviolatedifwetreatedthedetectiondataof

consecutivehoursasdifferentanalysisunits.Thelastassumptionisdifficulttotest,

butthefactthatthedeteCtabilityoftheOMtroop,veryshytoobservers,didnotdiffer

丘omthatofothertroopssuggeststhatobserversdidnotinfluencegroupssomuch.

Thus,allofthefUndamentalassumptionsofthepointcensusseemedtobesatisfiedin

ourmethod.

Oneofthedifferencesofourmodel丘omthe`typicarpointcensusisthatwe

correcteddatawith丘equencyofapProach,B・Weassumedthatわ=Bのisaconstant,

11一



h・w・v・ ち 丘・q・ ・n・y・f・pP・ ・ach,・ ・en・ ・unt・ ・,i・p・ ・P・ 而 …1・ ・t・ ・1yt・d・n・ityb・t

alsotorangingspeedandgroupspread(SugiuraetaL,2000).Weneglectedother

factorssimplybecausedatawerenotavailabletoquantifytheeffects.Thismaypartly

bejustifiedbecausethecorrectionby丘equencyofapProachwasnotgreatcomparedto

g(ア)(seeeqn5'),soitdidnotinfluencetheestimateverymuch.

ROBUSTNESSOFDETECT肌ITY

WehaveshownthatthedetectabilityfUnctionofg(y)wasrobust,andnot

biasedwithtroop,topographyorincreasingexperienceofobservers.Thisisimportant

becausewecouldnotrecordthepoint-groupdistanceinallcasesofdetection.The

robustnessofdetectabilityguaranteesanestimateofdensitywiththesameparameter.

Onlytimeofdayinfluenceddetectability,butwecancontrolthiseffectbysamplingfor

anentireday.

Robustnessofdetectabilityagainsttopographicfactorsisimportantbecause

thismethodwasdevisedtoconductacensuseveninsteepmountains,whereline

transectisnotpossible.Topography,especiallydistancefromnearestridges,didnot

affectdetectabilityinourcensus,althoughevenloudsongsofgibbonswereassumed

nottobetransmittedbeyondrldges(Brockelman&Srikosamatara,1993).Amongthe

l39caseswhenpoint-groupdistancewaslessthan250m,therewasaridgebetween

thepointandthegroupinonlythreecases.Distancewas200minallthesethree

cases.Detectabilitywaslowatdistanceswhereridgeswereoftenfoundbetween

pointsandgroups(e.g.at250。500m,ridgeswerefbundin156/194cases).Detection

dataoflongdistancesdidnotinfluencetheestimateofdetectabilitybecausewe

tnlncatedlarge-distancedatatoavoiderrors.Thisisthemostlikelyreasonwhythe

existenceofridgesdidnotinfluencetheestimateofdetectability.

Althoughwedidnotfindanybiasindetectabilitywithtroops
,theeffectof

groupsizeremainsunknown,asthevariationinsizewassmallamongthefburtroops.
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Therefbre,whenthereisalargevariationingroupsizeamollgthecensusedpopulation,

theeffectofgroupsizeondetectabilityshouldbeexaminedbefbreapPlicationofthe

method.

Whencensusingmanypointssimultaneously,researcherso丘enhavetouse

inexperiencedobservers.Theeffectofincreasedexperienceondetectabilit}～ifan)～

wassmal1.Wedidnotregarditasevidenceofgroupdetectionwhentheobserver

heardvocalizationsofsingleanimals.Detectionsby」apParent'cues,suchasexchange

ofvocalizations,maynotneedsomuchexperience.Robustnessagainstexperience

allowsustouseinexperiencedpointobservers.

APPLICAB】 工ITY

Comparedtothelinetransectcensus,theadvantagesofthismethodare:(1)It

isapplicabletopopulationsinsteephabitatsaslongasonegroupcanbefbllowedinthe

censusarea;and(2)Thismethodenablesustostudyhabitatusebyanimalsata

finer-grainedscale.Forexample,thevegetationofa500×500mquadrateandthe

estimateddensityofthepointsinthequadratearecomparable.Forthispurpose,the

numberofgroupsdetectedatthepoint,suψasthatshowninFig.3-3a,canbeusedas

relativegroupdensityConsideringtherobustnatureofdetectability,itisunlikelythat

thenumberofdetectedgroupsisbiased.Thedisadvantageisthatgreatercensus

ef壬brtsarerequired.Gathering280bservers(eveninexperienced)wouldnotbean

easytask,oritwouldtake28timeslongertimefbrasinglepointobservertocollectas

manydataasby280bservers.Moreover,groupfbllowersarerequired,

Inthepresentcensusarea,atleasttwoorthreedayswererequiredtoreliably

estimatethenumberofgroupsdetected,andfivedaystoestimatethedetectability,by

sampling28pointssimultaneouslyHowever,thisoptimumperiodwouldchangewith

populationorcensusdesign,suchasthenumberofpointsortheareaofquadrates,etc.

Alternativel》 ～werecommendrepeatingthecensusuntilthenumberofgroupdetections
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becomesmorethan50,andthenumberofdetectionsoffbllowedgroupsbecomesmore

than90(Fig,3-4a).Wecensused28pointssimultaneousl》 ～butthisisnotnecessary・

Itisfeasibletocensuseachpointondifferentdays.

Ourdefinitionofa"group"seemstoreflectthenormalgroupspreadof

Ya㎞shimamacaques(Sugiuraetal.,2000),butsuchadefinitionshouldbemodified

fbreachspecies.Althoughwedidnotestimatethepopulationdensity,itcanbe

calculatedastheproductofthegroupdensityandthemeangroupsize.Thegroupsize

wouldbeobtainedbygroupcountstakenduringgroupfbllows,
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Ch叩ter4=VへRIATIONSINDENSITY

Introduction

Whatdeterminesthedensityofanimalpopulations?Wolff(1997)suggested

theimportanceofeXtrinsicfactorsasdeterminantsofmammalianpopulationdensity,

fbrexample,regulationbypredation(Murray,1999;Isbe11,1990),disease(Milton,

1996),inter-specificcompetition(Peres&Dolman,2000),orpastcatastrophicevents

(Butynski,1990;Takatsuki,Suzuki&Suzukil994).Ontheotherhand,availabilityof

fbodresourcesissuggestedtobetheprincipaldeterminantsofmammalianpopulation

densitybycontinent-wideinterspecificcomparisons(Neotropics:Robinson&Redfbrd,

1986;A丘ica:Fa&Purvis,1997).Itwasfbundthatdensitiesoflarger-sized,dietary

specialized,orhigher-trophic-1eveledspecieswerelowbecausethesespeciesrequire

largerhomerangetosecuremorefbods,Incontrast,thedensitiesofgeneralistsor

primaryconsumerstendedtobehigh.

Atthepopulationlevel,however,evidenceontherelationshipbetweenfbod

resourceanddensityislargelyconfinedtosmallmammals(Wolff,1996;Adler,1998;

Chaquenot&Ruscoe,2000).Incaseoflargemammals,manystudiesreported

variationsindensityamonghabitats,however,mostofthemfailedtoquantifythefood

abundanceineachhabitat(Takasaki,1981;Wahlstrom&]Kjellander,1995;Rose&

Polis,1998).Exceptionally,Balcomb,Chapman&Wrangham(2000)showedthatthe

densityoftreesbearinglargefleshyfruitscouldpredictthedensityofchimpanzeesin

Kibale,Uganda.Availabilityoffbodresourcechangesovertime,however,the

importanceoftemporalscaleremainslargelyunanswered(Janson&Chapman,1999):

Areanimaldensitiesregulatedbyannualtotalresource,orresourcesavailablein

seasonalbottleneck,orinecologicalcrunches(Cant,1980)whichhapPensonceper

SeVeralyearS?

∫apanesemacaquesaregeneralistprimatesandtheirdietvariesseasonally
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(Hil1,1997).Theyeatyoungleavesinspring,丘uits,insectsormatureleavesin

summerand丘uitand/orseedsinautumn.Inwinter,whenhigh-qualityfbodsare

exhausted,theyswitchtolow-qualitydiet,suchasmatureleavesinevergreenfbrestor

budsorbarksindeciduousfbrest(evergreen;Agetsuma,1995:deciduous;Nakagawa,

1989).Becauseonlyhigh-qualityfbodcategoriescansatisfytheirdailynutrient

requirements(NakagawaetaL,1996),winterisaleanperiodfbrthemTheydeposit

fatinautumnbyeatinghigh-qualityfruitsandseedstosurviveleanwinter(Mori,1979;

Watanuki&Nakayama,1993).

Wereportthewithin-populationvariationofrelativegroupdensityof

JapanesemacaquesinYa㎞shima.Althoughpre]iminaryresultsofthecensushave

alreadybeenreportedbyYbshihiroetal.(1999),wecompletelyre-analyzedusing

systematicprocedures.Theyareidealsubjectsofresourcelimitationbecauseofthe

fbllowingreasons:(1)Theirhabitatishighlyvariablewithaltitude.(2)Theeffectof

seasonalitycouldbedetectedashabitatsanddietsarehighlyseasonal.(3)Many

factorsotherthanfoodareexcludedasdeterminantsofdensity .Forexample,thereis

nonaturalpredatororsympatricprimatefbrthem.Theyhavebeenstudiedsincel975
,

andnoisland-wideplagueorcatastrophehasbeenknownbythetimeweconducted

cenSUS.

Wedescr董befburhabitatvariables:(A)totalbasalareaoffbodtrees
,(B)

numberoffbodtreespeciesperunitarea,(C)seasona1丘uitabundance
,and(ρ)total

annualfleshyfruitproduction,Weexaminethefollowinghypothesesonthe

determinantofmacaques'densityusingthevariabIesindicatedintheparentheses .

1.Densityisdeterminedbytheavailabilityofhighqualityfbod(の .

2.Densityishighwherediversityoffbodspeciesishigh(B) .

3・Densityisdeterminedbytheseverityofbottleneckperiod
,theseasonwhenthe

availabilityofhigh-qualityfbodisthelowest(C)。

4・Densityisdeterminedbythetotalannualproductionofhighqualityfood(D)
.
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HypothesislisexpectedbecausenutritionalrequirementofJapanese

macaquesissatisfiedonlybyhighqualityfruitsandseeds。Hypothesis4isthemore

rigoroustestofhypothesisl.Hypotheses2and3concerntheeffectofseasonality.

Wherediversityishigh,variousspeciesmayprovidefbodsinvariousseasons,thusmay

shortentheleanperiod(Janson&Chapman
,1999).Thesehypotheseshavebeen

testedindivldually(e.9.Balcombetal.,2000),however,theyarenotmutuallyexclusive.

Tounderstandtherelativeimportanceofthesehypotheses,weconstnlctalinearmodel

betweendensityandthesehabitatvariables.

Methods

EST]MArINGDENSITYOFMACAQUES

Wecensuseda29km2areainthewesternareaofYakUshima,wherelogging

andhuntinghasbeenrare(Fig.4-1).Thealtituderangedfromthecoasttol886ma.s⊥

CensuseswereconductedinJulyandAugust1993,1994,1995,1997and2000.

Althoughcensuseswereconductedinalimitedseason,thisdoesnotbiastheresults

considerably.Ybshihiro(1995)reportedthehighestlimitofthedistributionof

JapanesemacaquesinYakUshimawas1886ma.s」.insummer,butitdescendedto

l450minwinterHowever,atabout1100ma.s⊥,thecentreofatroop'shomerange

insummerwasonlylOOmhigherinelevationthanthatintheotherseasonsσ{anya,

unpublisheddata).Large-scaleseasonalmigratlonhasnotbeenreportedfbrcoastal

groups.Thus,althoughdensityaroundthesummitmaychangeinotherseasons,

densityisexpectedseasonallystableintheotherzonesbyusingzonationmorethanlOO

m.

Weusedpointcensusdescribedindetailinchapter3.Wedividedeach

year'scensusperiodintoone,twoorfburcensusterms,whichlastedfburdaysatmost

(Table4-1).Duringeachterm,wecensusedareasof2-7㎞2Censusarea

overlapPedamongdifferentyears・Censusareawasdividedinto116quadratesof500
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m×500m.Ineachquadrate,oneobserverwaspositionedatanobservatlonpomtona

ridge.Observerssimultaneouslysearchedmacaquegroupsvisuallyandauditorially

丘om6:00-7:00toaroundl5:00-16:00aslongasrainandwindwasnotstrong.

Besides,researchersfbllowedgroupswhichappearedinthecensusareawhenever

possible.Thoseresearcherswerenotdistributedinasystematicwa)～sotheirdatawas

notusedtoestimatedensity,andusedonlytoestimategroupsize.

Although27pointswerecensusedindifferentyears,thesedatawerepooled

fbranalysis.Numberofdayscensusedforapointrangedfセomonetonine.Dataof

thepohltscensusedfbronlyonedaywerediscardedbecausetheconfidencelimitofthe

numberofgroupsdetectedbecomesstabilizedwhencensusingthepointsfbrmorethan

aday(chapter3).Whenthepointwascensusedfbrlessthansixhours,thepoint's

dataonthedaywasdiscardedbecausedetectabilitychangeswiththetimeofaday

(chapter3).ThenumberofpointsusedintheanalysiswaslOlintotal.

Thenumberofgroupsdetectedeachhourbyeachpointobserverwas

averagedfbrthatday,andaveragedagainfbrtheentirecensusdays.Thisvalue,

numberofgroupsdetectedperhourperpoint,wasusedasrelativegroupdensity(R .GD)

inthefbllowinganalysis.

WecomparedtheRGDwiththealtitUdeofthepoints,classifyingthealtitude

per200minelevation(0-199m,200-399m,etc)・Thehighestzone(1600m-)

includedpointsmorethanl800ma.s.1.AftertheanalysisofRGD
,were-classified

thevegetatlonposthocbasedontheresultsofRGDandzonationbyKimura&Ybda

(1984)toexaminethealtitudinaldifferenceinhabitat.

WehaveshownthatRGDcanbetransformedintoabsolutegroupor

popuIationdensity(chapter3)・However,wedidnotestimateabsolutedensityinthis

chapterbecausenecessaryparametersarenotavailableinmostofthezones .The

validityusingRGDasarepresentativeofpopulationdensitywillbeinvestigatedinthe

discussion.
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HABITAr

Wecomparedfburparametersofhabitatcharacteristics;totalbasalarea

(TBA)offbodtrees,numberoffbodspeciesperunitarea,seasonalfruitabundance,and

totalannualffUitproduction,Allthedatawere丘omthewesternarea.We

determinedfbodspeciesbythedatainchapter5,Maruhashi(1980),andGH's

unpublisheddatabasedon500hoursofdirectobservation.Thesedietarydatawere

丘omthewesternarea,coveringfromthecoastto1200ma.s.1.

Basalarea('ff`)odtrees.TBA(m2/ha)ofmacaques'fbodspecieswas

comparedamong24plots.Thesourcesarefromauthors'dataandliterature(Tagawa,

1980;Kohyamaeta1.,1984;Kimura&Ybda,1984;Okada&Ohsawa,1984;Tagawaet

a1.,1984).Theareaoftheplotsranged丘omO.04hato2.48ha.Thealtituderanged

丘oml20mto1590ma.s.1.AlthoughtheminimumDBHmeasureddifferedamong

plots(0-5cm),thisdidnotaffecttheresultsconsiderablybecausethebasalareaof

smallertreesarenegligiblecomparedtolargertrees.InplotswhereDBHofallthe

treesweremeasured,thebasalareaoftreeswithaDBH=0～5cmoccupiedonly5.9%

(600ma.sユ.),2。5%(1050m),orl.6%(1060m)oftheTBA.

ハlu〃 ゐθア()ffoodsρecies.Numberoffbodspeciesperunitareawas

comparedalongaroadwhichran丘om30mtol100ma.s.1.Theroadwasdividedinto

188segments,eachofwhichwaslOOmIong.Foreachsegment,werecordedthe

speciesthatwerevisiblewithin5mfromtheroad・Shnlbsshorterthanlmwerenot

recorded.

Seaso〃al .fruitabunclance.Altitudinaldifferenceinseasonalfhユitabundance

wasassessedbymonthlyorbimonthlychangesofwetweightoffleshypartsperhector

Threeplotswereset;thealtitudewas280m,600m,1050m,andtheareacoversO,225

ha,0.25ha,andO.5ha,respectively.Atthe280mplot,speciesandDBHoftrees

tallerthanO.5mwererecorded.Atthe600mand1050mplots,speciesandDBHof
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trees>5cmDBHwasrecorded.Tosamplesmallertreeswithinthe600mand1050m

plots,werandomlyset10(600m)or20(1050m)5m×10msubplots,andrecorded

DBHandspeciesoftreestallerthanlm.Thestudytermsofseasonalfruitabundance

were:280m,October1988toNovember1989;600m,October1999toMarch2001;

1050m,Mayl999toMarch2001.

Protocoltoestimatethefruitabundancedifferedbetweenthe280mplotand

theothers.Atthe600mand1050mp]ot,thenumberofripeandunripe丘uitsofa

markedbranchwascountedattheonsetofthestudy.Thetotalcropoftheindividual

treewasestimatedbythepercentageinvoIumeofthebranchtothetotalcrown,Later,

wecheckedonlypresence/absenceofripe丘uitsofalltreestwiceamonth.Whenwe

fbundanewtreeindividualbearingunripefhlits,thenumberof丘uitsofthetreewas

counted.Toestimatethenumberofripefruitswhenthetreewasobservedtohave

them,twoassumptionsweremade.First,thenumberof丘uitsstarteddecreasingwhen

thetreewasfirstobservedtoberipe(i.e.morethanhalfofthe丘uitsinthattreeare

ripe).Second,fruitsdecreasedlinearlyuntiltheywerecompletelyconsumed.These

assumptionsaresometimestmebutnotalways(Noma&YUmoto,1997).However,

thisprocedureisexpected,atIeast,togiveamorepreciseestimateof丘uitabundance

thanusingthenumberof丘uitingtrees.Accordingtotheseassumptions,suppose

丘uitsdisappearedatthenthcensussincethetreewasfirstobservedtoberipe ,the

numberoffruitsatthekthcensusiscalculatedtobe:(estimatednumberof丘uitsinthe

treebefbreripening)×{1-(k-1)/(n-1)}.Numberoffruitsateachfruitingcensuswas

weighedbytheunitwetweightofthefleshypartsfbrthespecies .Forshorttrees(<5

cminDBH),wetweightofthefleshypartswasweighedby10becauseshorttreeswere

sampledfbronlyone-tenthoftheplots.Wetweightsofallthetreesweresummedto

calculatethefruitabundanceateachtimeofthe丘uitingcensus .

Atthe280mplot,numberofripefi'uitsinmarkedbrancheswascounted

directlyeverytimeof丘uitingcensus,conductedonceortwiceinamonth(Noma&
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YUmoto,1997).Otherprotocolwasthesameasatthe600mandlO50mplots。

Thenumberofspecieswhichfruitedduringthefruitingcensuswas29,six

andlOatthe280m,600mandlO50mplots,respectively.Allofthesefi'uitswere

includedinthemacaques'diet.Thenumberoftreeswhich丘uitedduringthefbiting

censuswas128(569trees/ha),96(384trees/ha)and208(416trees/ha)atthe280m,

600mandlO50mplots,respectively.

Totalannua1/7uitproduction。Weestimatedthetotalannualfi'uitproduction

atthesamethreeplotsastheseasona1丘uitingcensus.Duetothelimited丘uiting

seasonsinthisarea,Noma,(1997)showedthatitispossibletoestimatethetotalannual

productionbycountingfhlitstwiceoronceeachyearbecauseabortionsof丘uitsare

alreadyoverandtheconsumptionbyfrugivoreshasnotbegunbythosetimesofyear.

TheseasonsareMayandmidOctobertoearlyNovemberatthe280m,Octoberatthe

600mandlateAugustorearlySeptemberatthe1050mplot.Totalannualproduction

in1999,2000and2001wasestimatedbycountingripeandunripe丘uitsduringthose

timesofyear.Dataonthenumberoffヒuitsweretranslatedtothetotalwetweightof

fleshypartsperhector

Results

DENSITYoFMAcAQuES

Relativegroupdensity(RGD,groups/hour/point)wassignificantlyhigherin

O-199mand200-399mzones,andtherewerelittledifferencesbetweentheotherzones

(Fig.4-2),RGDalsotendedtobehighinthehighestzone(1600m-),however,the

dataweretoofewtoconclude.

Basedonthisresult,were-classifiedthevegetationintofburzones;coastal

fbrest(0-399m),broad-1eavedfbrest(400-799m),lowerconiferousforest(800-ll99

m),andhigherconiferousforest(1200-1699m)・Thesummitarea(1700m-)willnot

beconsideredhereafterbecausenodataonthishabitatwereavailable.
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Ourdataongroupsizeispreliminarybecausefewgroupswerecountedinthe

higherzones.Therewasnosignificantdifferenceingroupsizebetweenzones(Table

2,Krusca1-Wallistest,Hニ3.5,p>0.1).

HABITAr

Thecorrespondencebetweenaltitudinalvariationsoftotalbasalarea(TBA)

offbodtreesandthatoftheRGDwaslargerfbrhigh-qualityfbods(fruits,seeds)than

fbrlow-qualityfbods(1eaves,flowers,otherfbods).TBAoftreeswhichprovidehigh-

qualityfbodsdecreasedwithaltitude,whileTBAoflow-qualityfbodsincreasedordid

notchangewithaltitude(Fig.4-3).However,thecorrespondencebetweenRGDand

TBAofhigh-qualityfbodswasnotexact:thelargestdecreaseofTBAwasbetween

broad-leavedandlowerconiferousforests,incontrasttoRGD,ofwhichthelargest

differencewasbetweencoastalandbroad-leavedfbrests.

Numberoffbodspeciesperunitareaalsodecreasedwithaltitudefbrmostthe

fbodcategories,however,theagreementwiththeRGDwaspartiaLNumberofspecies

continuouslydecreasedsignificantlywithaltitudeformostofthefoodcategories(Fig.

4-4),incontrasttothediscretechangesofRGD.

Comparisonsofseasonalfruitabundance(Fig.4-5)indicatedthatthelean

periodwhenno丘uitwasavailablewaslongerinhigherzones.Thisaltitudinalchange

wascontinuous,anddifferedfromthediscretechangesoftheRGD.Theperiodswhen

nofruitwasfoundintheplotswere5.9%,22%and50%ofthetotal丘uitingcensus

periodinthecoasta1,broad-leavedandlowerconiferousforests,respectively.

Altitudinalvariationoftotalannualfieshyfruitproductionwasinaccordance

withthatoftheRGD・Thefruitproductionwasthelargestinthecoastalforest
,and

didnotdifferbetweenthebroad-leavedandlowerconiferousforests(Table4-3) .

Althoughinter-annualvariationswithintheplotswerefbur-fbldatmost
,theproduction

inthecoastalfbrestwasconsistentlythehighestinallthethreeyears .
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ToexaminetheexplanatorypowersofthehabitatvariablesonmeanRGD(め,

weconductedmultivariateanalysis.Fourvariableswereexamined:TBAof丘uitand

seedfbods(の,numberoffruitandseedspeciesperunitarea(B),rateofleanperiod

whennofruitsvvereavailabletotheentirefruitingcensusperiod(C),andtotalannuaI

fleshyfruitproduction(D).Low-qualityfoodSwereexcludedfromthemodelapriori

becauseoftheirapParentdiscrepancieswiththeRGD.Datainthehigherconiferous

fbrestwasnotused.Afternormalizingtheexplanatoryvariables,principalcomponent

analysiswasconducted.Thefirstandsecondprincipalcomponentswerecalculatedas

zi='O.49A+0.53B-0.53C+0.44Z)andz2=0.59A+0.06B-0.06C-0.80D.Thefirstprincipal

componentevaluatesthefburvariablesequa11)r)andthesecondcomponentexpresses

theabundanceoffruitsindependentofseasonality.Accordingtomultipleregression

analysis,thepartialregressioncoe」 田cientswerecalculatedasO.065fbrzlandO.193fbr

22.Thus,abundanceoffhlitsindependentofseasonalityhasastrongerexplanatory

powe「 ・

1)iscussion

POTENTIALBIAS

Becausewedidnotestimateabsolutedensity,wediscussthepotentialbiasin

ourresults,thenconsidertheeffectofhabitatvariables.

First,thedifferenceingroupsiz・eamongzonesmayaffecttherelative

populationdensity.Groupsizewasnotcountedinthebroad-leavedfbrest,however,

Ybshihiroeta1.(1999)reportedthatthegroupsizeinthiszone(23,n=5)didnotdiffTer

significantlyfromthecoastalorthelower-coniferousforests.EvenwhenwesupPose

thatgroupsizeisdifferentamongzones(butcouldnotbedetectedstatistically),the

relativepopulationdensityinthecoastalfbrestwillstillbethelargestbecausethe

observedgroupsizewasthelargestinthiszone・TheRGDinthecoastalfbrestmaybe

anunderestimateasrelativepopulationdensity.
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Second,detectabilitymaydifferwithaltitude.Inchapter3,itwasshown

th・tth・d・tect・bilityw・ ・n・tbi・ ・edwitht・P・9r・phy・ ・h・bit・ ・ti・n・fg・ ・up・ ・Th・

differenceingroupsizeamongzones,ifany,mayhaveoverestimatedtheRGDinthe

coastalfbrestbecauseofthelargergroupsizethushigherdetectabilityinthiszone・

However,thisoverestimateisunlikelytoaffectourfindingsfortworeasons・First・

thisoverestimateiscanceledoutexactlybyanunderestimateofrelativepopulation

density(seeabove),supposingdetectabilityisproportionaltothemeangroupslze

(Bucklandetal.,1993).Second,theobservedvariationingroupsizewastoosmallto

accountfbrthetwo-orthree-folddifferenceintheRGD.

DETERMINANTSOFDENSITY

Wehaveshownthattherelativegroupdensity(RGD)ofJapanesemacaques

inYakUshimaishighinthecoastalforest,anddidnotdifferbetweenthehigherzones.

Comparisonsofhabitatvariablesindicatedthatallthefourhypothesesweresupported

atleastpartially.(1)VariationinRGDcorrespondedtotheavailabilityofhighquality

fbods,notthelow-qualityfbods.RGDwashighwhere(2)diversityoffbodspecies

washigh,(3)thelengthofleanperiodwasshort,and(4)totalannualproductionof

fleshyfruitswashigh.Amongthehabitatcharacteristics,altitudinalvariationofRGD

wasmostidenticalwiththatofthetotalannualfieshyfruitproduction.

Wehaveshowntheimportanceofthequantityofhigh-qualityfbodsrather

thanlow-qualityfbodsasadeterminantofRGD.Itisalsoreportedthattheamountof

high-qualityfbodscorrelatedtothedensityofchimpanzees(Balcombeta1 .,2000),or

granivorousand/orfrugivorousrodentsぐWolff,1996;Adler,1998;Choquenot&

Ruscoe,2000).Ontheotherhand,densitiesofcolobinesandfblivorouslemursare

reportedtobelimitedbythequalityofmatureleaves(Waterman&Ross
,1988;Oateset

al.,1990;Ganzhom,1992).Theseexamplesmaysuggestthedifferentmechanismsof

resourcelimitationbetweenfolivoresandgeneralists/frugivores.Folivoresmaybe
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regulatedbythequalityofleavesbecauseleavesaresuper-abundantbutentaildigestive

problems.Generalistsandfrugivoresareunabletodigestleaveseffectively.They

maybelimitedbythequantityof丘uitsorseedsbecausethosehigh-qualityfbodsare

usuallylimitedinquantity(Janson&Chapman,1999).However,thisproposition

cannotbegeneralizeduntilbothqualityandquantityofhigh-andlow。qualityfbodsare

quantified.

Foodspeciesdiversity,ormoredirectly,1eanseasonsintheavailabilityof

high-qualityfoodsareoftenassumedtodetermineanimaldensities(e.gMilton,1982;

Chapman&Balcomb,1998).Numberoffbodspeciesorlengthofleanperiodmay

haveworkedinregulatingthedensityofJapanesemacaquesinYakUshima,however,

explanatorypowerswereweakcomparedtototalannualfleshyfruitproduction.

JapanesemacaquessurvivetheleanperiodwhenfewftUitsareavailablenotonlybythe

fbodavailableatthattime,butalsobyconsumingfatdepositedduringtheperiodof

high丘uitavailability.Largerfruitproductionsustainsmoreindividualstodepositfat

tosurvivetheleanperiod.Fatdepositionalsoenhancethereproductionsoffemale

Japanesemacaques(Mori,1979).Therefbre,thealtitudinalvariationoftotalannual

fhユitproductioncorrelatestothatofdensity.

Itshouldbenotedtheabovediscussionisaboutthecomparisonswithin

YakUshima.Themainfbodduringtheleanperiodismatureleavesinallthezones

(Agetsuma,1995;Hanya,Noma&Agetsuma,unpublisheddata).Matureleaves

satisfiesabout90%ofthedailyenergyrequirement(Iwamoto,1982),thus,comparedto

otherpopulations,theleanperiodmaynotbesosevereastoregulatedensities.

Theimportanceofleanperiodissuggestedbyspecies-widecomparisonsof

populationdensitiesofJapanesemacaques(Table4)・Populationdensitiesin

evergreenfbrests,includingYa㎞shima,areconsistentlyhigherthanthoseindeciduous

fbrests.Mainfbodsduringtheleanperiodarematureleavesinevergreenfbrests,buds

orbarksindeciduousfbrests・Indeciduousfbrests,Japanesemacaques'dailyenergy
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intakeisonly56%oftherequirement(Nakagawa,1989).Japanesemacaquesm

deciduousforestsarerequiredtodepositmorefat,thusneedlargerper-capitahome

rangeareathaninevergreenfbrestssupPosingtheproductionofhigh-qualityfbodis

constant.Infact,decreaseinbodyweightbywinteringJapanesemacaqueislargein

deciduousfbrest(10%;Wada,1975)thaninevergreenfbrest(5%;Mori,1979)・

Therefbre,theamountofhigh-qualityfoodsandseverityofleanperiodsbothregulate

thedensityofJapanesemacaquesintermsoffatdeposition.

Anadaptationto'store'high-qualityfbods,suchasfatdeposition,is

importanttounderstandtheeffectofseasonalityonresourcelimitation.The

importanceofthisadaptationmaybereillfbrcedbypopulationregulationof丘ugivorous

rodentsonBarroColoradoIsland,Panama(Smythe,Glanz&Leigh,1982).During

leanperiods,pacasreliedonleaves,whileagoutisatescatter-hoardedseeds.The

effectofpoorfiuitingondensitywasmoresevereforagoutis.Scatter-hoardingmay

beanalogoustofatdepositioninthatbothareadaptationstostorehigh-qualityfbods

duringtheleanperiods.Densitiesofagoutiswasaffectedbytheamountofhigh-

qualityfbodsbecausetheyreliedon丘uitsevenduringtheleanperiodsintermsof

scatter-hoarding,aswellasthedensitiesoffat-depositingJapanesemacaquesin

Ya㎞shimawas.

Inconclusion,thecombinationofannualtotalffUitproductionandthefood

conditionduringtheleanperioddeterminesthedensityofJapanesemacaques .Larger

fruitproductionsustainsmoremacaquestodepositfattosurvivetheleanperiod
,and

thebetterfbodconditionsduringtheleanperiod,suchasmatureleavesinYakUshima
,

requiremacaquesfewerfattobedeposited,thusenablelargerdensities .
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Chapter5:VARIATIONSINI)IET

Introduction

Primatedietisgenerallypredictablebybodyweightanddigestivefeatures

linkedtophylogeny(Clutton-Brock&Harve}～1977;Gauhn,1979).However,their

dietisvariableevenwithinthespecies(e。9.guenons,Gautier-Hion,1983;chimpanzees,

Nishidaetal.,1983;Japanesemacaques,Agetsuma&Nakagawa,1998).Some

primatespecieschangetheirdietinresponsetotheirenvironmentalchanges(Hladik,

1981),butsomedonot(e.g.tamarins:Garbeろ1993).Chapman&Chapman(1990)

reviewedthedietof46primatepopulations,andfbundthatdietaryvariabilitywasnot

constrainedbyphylogeny,maindietcategories(insects,fruits,etc,),bodysize,

populationdensity,sympatricprimates,habitatproductivityandseasonality,However,

morerigorouscomparisonmaybepossiblebyusingothermeasurements,suchas

coe伍cientofvariationoroverlapbetweenmonthlydietarycomposition.Theadaptive

significanceofdietaryvariabilitywouldbeclarifiedbestbystudiesonprimatesin

temperateregions,becauseprimatesthereexperienceaharshwinterandalonglean

periodwhenno丘uitisavailable(Thompson&WiIson,1979;Herrera,1984).

Japanesemacaquesliveatthenorthemlimitofnonhumanprimate

distribution.Theirhabitatsvary丘omwarm-temperatebroad-1eavedevergreenfbrest

(includingsubtropicalvegetation)tocool-temperatedeciduousfbrest(coveredwith

severalmetersofsnowinwinter)(Yamagiwa&Hill,1998).Seasonalvariationsin

thesehabltatsaregreatinaccordancewiththechangesindayIengthandtemperature.

Theirseasonaland/orregionalvariationsofdietareindispensablefbrunderstandingthe

breadthofadaptabilityprimateshave(NakagawaetaL,1996;Agetsuma&Nakagawa,

1998).Asystematicdescriptionoftheirdietfbrmorethanayearisfbundonlyinthe

lowlandforestinYakUshima(Hill,1997),thesouthernlimitoftheirdistribution.

YakUshimaisanidealsiteforstudyingthedietaryvariationofJapanese
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macaq。,,.H,,e,within-P・P・1・ ・i・nv・ ・i・・i・ni・h・bit・ti・expect・dt・b・th・1・ ・g・・tfo「

thisspeci・ ・.1・Y・kU・him・,J・p・n・ ・emacaq…a・ec・ntinu・u・lydi・t・ib・t・d丘 ・m

、。a,t、lw・ ・m-t・mp・ ・at・b・ ・ad-1eav・d・v・ ・g・eenf・ ・e・tt・ ・ub・1pi…ummit(Y・ ・hihi・ ・

・t・1.,1999).Th・1・wl・ndf・ ・e・ti・th・ ・i・h・・th・bit・tf・ ・thi・ ・peci・ ・i・t・ ・m・ ・ff・ ・d

P・Gd・ ・ti・ity・ ・d・lim・t・(M・ruh・ ・hi,1980).0・th・ ・th・ ・h・nd,th・ ・ummitm・yb・

・lim・tically・imil・ ・t・th・n・ 丘h・ ・nlimit・fth・ ・peci・ ・di・t・ib・ti・n(Egu・hi,1984)・We

conductedatwo-yearsurveyontheirdietaryvariationwithaltitudinaldifferences・

Ourmainobjectiveistounderstandtheeffectofenvironmentalfactorsonseasonal,

altitudinalandinter-annualdietaryvariationsofYakushimamacaques.Furthermore,

weexaminethequantitativerelationsbetweenseasonalvariabilityintheirdietandfiuit

abundancebyaltitudinalcomparisonswithintheirhabitats.Wediscusstheadaptive

significanceofdietaryvariabilityinresponsetohabitatvariability.

Method

HABITAr

Asinchapter4,fburhabitatvariableswerecompared:totalbasalarea(TBA)

offbodtrees,numberoffbodspeciesperunitarea,seasonal丘uitabundance,andtotal

annualfruitproduction.Themethodisdescribedinchapter41ndetaiLThe

differenceswithdatainchapter4are:(1)habitatinthehigherconiferousforestwasnot

analysed,becausedietarydatawasnotavailablehereand(2)fbodspeciesdefinedhere

wasconfinedtoonlythoseidentifiedinthefaecalanalysis,thusallwereseed/丘uit

specles・

DIET

WestudiedthedietofJapanesemacaquesbyfaecalanalysis .Wecollected

飴ecalsamplesonandaroundaroadinthewesternareaofthisisland(Fig.4-1).We

collectedthesamplesfromApril1999toMarch2001,althoughnosamplewas
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collectedinAugust1999inthelowerconiferousforest .Thetotalnumberofsamples

was934(Table5-1) .Thenumberofsamplesineachmonthineachzoneranged丘om

5to26(mean:13 ,2).Theminimumandmaximumaltitudesofsampleswere30mand

1230ma.s.1.

Faeceswerewashedthroughlmmmeshes,anddriedinanincubatoratabout

60.Cfbr2-3hours.Eachsamplewascategorizedintoseed/丘uit,fiber(includingleafy

particles),animalmatter,fUngiandothers.Sandwasabandonedbecauseofpossible

contaminationduringcollection.Seed!fruitwereidentifiedwheneverpossible.The

remainsofeachcategorywereweighed,andtheratioindryweightwascalculatedfor

eachcategoryfbreachdriedsample,andisreferredtoasrelativedryweight(RDW)

hereafter.

Weassessedtheseasonalandaltitudinalvariabilityofthemacaques'dietby

」similarityindex'
,de丘nedasthesum噛ofthesharedpercentageinRDWofeachcategory

(Chapman,1987).Alowersimilarityindicatesahighervariability.

Results

VEGETArlONANDFRUITAVAILAB皿.ITY

Inthefaecalanalysis,66specieswereidentifiedasseed/fi'uitfoodsof

Ya㎞shimamacaques.Altitudinalcomparisonsofvegetationindicatedthatmore

seed/丘uitfbodswereavailableintermsofTBAinthecoastalandbroad-1eavedfbrest

thaninthelowerconiferousforest(Turkey-Kramertest:coastalvs.lowerconiferous,

t=-3.72,P<0.01;broad-leavedvs.lowerconiferous,t=-3.99,P<0,01;coastalvs.

broad-1eaved,tニ1.31,P>0・1;Fig・5-la)・Thenumberofseed/丘uitspeciesperunitarea

wassignificantlyhigherinthelowerzones(coastalvs.broad-leaved,t=6.25,P<0.001;

broad-1eavedvs.lowerconiferous,t=-12・2,P<0.0001;coastalvs.lowerconiferous,

t=-16.9,p<0.0001;Fig.5-1b)

Totalannualfleshyfruitproductionwasgreaterinthecoastalforest(1999 ,
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112kg。fn,、hyp、 丘・/h・;2000,81kglh・)th・ni・th・b…d-1eav・d・ndl・w・ ・c・ ・ife「ous

f・・e・t・(b…d-1eav・d;1999,35kglh・;2000,47k帥 ・・1・w・ ・c・nife・ ・u・;1999・23

k帥 ・;2000,21k帥 ・).Macaq…ateallth・ 蝕 ・peci・ ・whi・h価t・di・th・p1・ts・

C。mp、 ・i,・n・ ・f伽iti・gPh・n・1・gyi・dicat・dth・t(1)f・ ・it・w・ ・eav・il・b1・f・ ・

・1・ ・g・ ・p・ ・i・di・th・1・w・ ・z・n・ ・(Fl9.4-5)・nd(2)…i・bilityl・ ・ea・・n・1鰍

abundanceincreasedwithaltitude。Althoughallthezonesexperiencedperiodswhen

no丘uitwasfbundintheplots,thisleanperiodwasshortestinthecoastalfbrest(<1

month),intermediateinthebroad-leavedfbrest(5months)andlongestintheIower

coniferousforest(7-8months),Fortheentirestudyperiod,thecoef丘cientofvariation

(CV)inthelowerconiferousforest(1.78)washigherthaninthecoastaland

broad-leavedfbrests(1.20andl.17,respectively).However,thismayresult丘omthe

differentstudydurationamongplots.Whenrecalculatedfbrthefirstorlastl2months

ofthestudyperiod,theCVwaslowestinthecoastalfbrest(1.080r1.25),intermediate

inthebroad-1eavedfbrest(1.38)andhighestinthelowerconiferousforest(1.640r

2.15).

OVERALLDrETARYPArTERNS

Macaquesinthelowerzonesatemoreseed/丘uitandanimalmatters,andin

thehigherzones,theyatemorefiberandfungiinbothyears(Table5-2).Theother

categoryconsistedofflowersandbark,whichwasonlyO.1%inRDW

Themacaqueshadadifferentdietindifferentseasons(Fig,5-2),and

variabilityincreasedwithaltitude.Themean±standarddeviationofthesimilarity

indexbetweendifferentmonthsofthesamezonewas70±20%,64±21%,and54±

27%fbrthecoastal,broad-leavedandlowerconiferousforest,respectivelyThe

dif〔brencesamongzonesweresigni丘cant(Wilcoxon'ssignedranktest:coastalvs .

broad-1eaved,z=-4・27,n=276,P<o・oool;broad-1eavedvs.lowerconiferous,z=-5 .04,

n=253,P<0・0001;lowerconiferousvs・coastal,zニ ー8.51,n=253,P<0.0001) .
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Anannualcyclicityofthedietarycompositionwasfbundonamonthlybasis.

Similarityindicesbetweensamecalendarmonthsweresignificantlylargerthanother

pairsinthelowerconiferousforest(nl=11,n2=242,U=ll50,P<0.05)andnearly

significantlylargerinthebroad-1eavedfbrest(n1=12,n2=264,U=1078,P=0.06),but

didnotdifferinthecoastalforest.However,thecyclicitymayhavebeendilutedby

similaritybetweensuccessivemonths.Infact,whensuccessivemonth-pairsare

excluded,thedifferencewasnearlysignificantinthecoastalforest(n1=12,n2=231,

Uニ1020,p=0.08).

Althoughthemacaques'diettendedtobeannuallycyclic,therewerealso

inter-annualvariations(Fig.5-2).Similarityindicesbetweenthesamecalendar-month

pairsranged57-91%,40-98%and41-98%inthecoastal,broad-leavedandlower

coniferousforests.Inallthezones,inter-annualvariationwassmallinautumn

(September-November;Fig.5-2).

Themacaques'overalldietchangedcontinuouslywithaltitude.Similarity

indicesbetweena(ljacent(coastaレbroad-leavedandbroad-leaved/lowerconiferous)

zonesinthesamemonthranged丘om23to98%.Monthlysimilarityindicesbetween

thecoastal/broad-leavedwerenotsignificantlydifferentfromthosebetweenthe

broad-Ieaved/lowerconiferous(Wilcoxon'ssignedranktest:n=23,z=-0.882,p>0.1).

Ontheotherhand,similarityindicesbetweenthecoastaVlowerconiferouswere

significantlylowerthana(巧acentzone-pairs(vs.coastaレbroad-leaved,n=23,z=-3.102,

P<0.01;vs.broad-leaved/lowerconiferous,n=23,z=-2・159,P<0.05).Theseresults

meanthatthedietarycompositionofmacaquesinthebroad-leavedwassimilarto

neitherthecoastalnorlowerconiferousforests,buttheintermediate.

VARIArIONSINSEEDIFRUIT-EATING

RDWandspeciescompositionofseed/fruitmattersdifferedbetweenzones

(Fig,5-2;Table5-3)・Seed/ffUitwasthemostimportantfoodcategoryinthecoastal
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andbroad-1eavedfbrestsinRDWofthetwoyears,Inthelowerconiferousforest・1t

w・ ・th・ ・ec・ndm・ ・timp・ 賃antcat・g・ry,・ 丘・・五b・ ・D・ 丘・i・gth・m・i・it・m・a・th・ ・e

ofwhichtheRDWduringthetwoyearswereatleast1%ineachzone,thenumberof

seed/fhlitmainitemswas17,19andlOinthecoasta1,broad-leavedandlower

coniferousfbrest,respectively(Table5-3).

Althoughmacaquesatethemostseed/fruitinautumn(September-November)

andtheleastinspring(March-Apri1)inallthezones,seasonalpatternsweredifferent

betweenzones,Macaquesdependedonseed/fruitforalongertimeofyearinthe

lowerzones.Inthelowerconiferousforest,almostnoseed/fruitwasfoundinfaeces

丘omFebruarytoMay.

ThemonthlychangesinRDWofseed/fruitwassignificantlycorrelatedtothe

averageffUitabundanceofthemonthsinthelowerconiferousforest,butdidnot

correlatesignificantlyinthebroad-1eavedfbrest(Spearman'srankcorrelation:

broad-1eavedfbrest,F・-0.213,p>0.1;lowerconiferousforest,r=0.708,p<0.01).This

resultsuggeststhatinthebroad-leavedfbrest,macaquesutilized丘uitsselectivelyand

dependedonrarespecies.

Consideringthatseasonalchangesintheoverallseed/fhlitabundanceinthe

forestwasnotenoughtoexplainthealtitudinaldifferencesinseasonalpatternsof

丘ugivory,weexaminedtheconsumptionpatternsofeachmainitemineachzone(Table

5-3).Weclassifiedthemainfoodsintofourtypesbytheseasonalpatternof

appearance.Thesetypes,thoughnotdiscretebutrathercontinuous,wouldbeusefUlto

understandthedifferencesbetweenzones.Figswereusedforaprolongedperiod

(5-11months/year)・Earlysum〃iertypeswereeatenheavilyaroundMayorJune.

Summe〃iAut〃 刀mり7pesincludemanyspecieswhichstartedbeingeateninAugustto

DecemberSpringtypewasusedinApril-May.

Thelowerconiferousforestlackedfigsandspringtype(Table5-3) .

Consequently,therewasalongPeriodwhenmacaquesatenofruitsinthewinterand
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spring.Inthecoastalandbroad-leavedfbrests
,allofthefburtypesexisted(Table5-3),

Inparticular,macaquesinthecoastalforestconsumedFicu∬uperbainalargeamount

丘omApriluntilNovember .Theexistenceoffigsandspringtypefbodsmusthave

contributedtothelongPeriodwhenmacaquesreliedonseed/fruitheavilyinthelower

zones.

VARIArlONS】[NFIBER,AN[MALMArTERANDFUNGI-EAT]〔NG

Macaquesatefibrousfoodsandfungiwhenandwhereseed/fruitfoodswere

notavailable.Animalmatterswereeatenlrrespectivetotheavailabilityofseed/fruit

fbods.

Fiberwasthemostimportantcategoryfbrthemacaquesinthelower

coniferousforest,whileitwasthesecondmostimportantfbodinthecoastaland

broad-leavedfbrest.TherewasanegativecorrelationbetweenRDWof丘berand

seed/fruitinallthezones(Spearman'srankcorrelation,coastal:r=-0,904,p<0.0001;

broad-leaved:r=-0.943,p<0.0001;lowerconiferous:r=-0.956,p<0.0001).RDWof

fiberhaditspeaksinspring(March-April),andlowpointsinautumn

(September-November;Fig.5-2).Thefbliage-dominatedperiodwasmoreprolonged

inthehigherzones.

AnimalmatterhadarelativelysmallRDWItwasespeciallyhighinthe

coastalfbrest.Itincreasedinthesummer(July-August),anddecreasedtoalmost

nothinginwinter(Fig.5-2).However,inthecoastalfbrest,animalmatterwashigh

evenfromMaytoNovember.Althoughmostoftheparticlesweretoofragmentedto

beidentified,theyweremostlychitinparticlesofinsectexoskeletons。

MacaquesinhigherzonesatemorefUngithaninlowerzones.Inthecoastal

andbroad-leavedfbrests,theseasonalchangeinRDWoffUngiwasnegatively

correlatedwiththatofseed/丘uit(coastal,r=-0.480,P<0.05;broad-1eaved,r=-0.486,

p<0.05;Fig.5-2).

.33



1)iscussion

RELIABILITYOFFAECALANALYSISASAMETHODOFSTUDY工NGDIET

Faecalanalysishasbeenrarelyusedtostudymedium-sizedprimateslike

Japanesemacaques(butseeSu&Lee,2001).AccordingtoAtsalis(1999),the

dヨsadvantagesoffaecalanalysisareasfbllov㌧ ・s:(1)Overrepresentationofseed/fUit

itemsandunderrepresentationofsoftfooditemssuchasgum,flowers,budsand

soft-bodiedinvertebrates.(2)Underrepresentationofseedswhicharenotswallowed・

(3)Impossibilityofidentificationofleaffbods.Faecalanalysis,however,isausefUl

methodwhenstudyingseasonaland/orregionalvariationsindietarycomposition

(Atsalis,1999).Regionalorseasonalvarlationisanessentialaspectofprimatediet,

consideringitsflexibility(Hladik,1981),Inparticular,faecalanalysismakesit

possibletostudythedietofnon-habituatedanimals,whicharedi」 田culttoobserve.

Weexaminedthebiasinfaecalanalysisbycomparingthepresentresultsin

thecoastalfbrestwithpreviousstudiesbydirectobservation(Agetsuma,1995;HilI,

1997;Otani&Shibata,2000).Theseasonalpatternintimespentonfeedingleaves,

seeds,f士uitsandinsectsarequitesimilartothatofrelativedryweight(RDW).

However,theyreportedpeaksoffallen-seedeating,inparticularacomsof五ithocarpus

edulis,inJanuary-Febmary.Thispeakwasnotfoundbyfaecalanalysisbecauseofthe

inabilityofdetectingacornsbyfaecalanalysis.Amongthe25seed/fhlitspeciesIisted

byOtani&Shibata(2000),6specieswerenotincludedinourlist.Amongthem
,3

specieswereacornsandtheotherswerenotdistributedordidnotfruitinthisstudy .

Howdidthisbiasmisrepresenttheseasonalandaltitudinalpattemofdiet?

First,datawerenotbiasedinhigherzones,becauseL.edulisaredistributedupto900m

a.s.1.(Hanya,unpublisheddata).Second,seed/fruitconsumptioninwinterwas

underestimatedinlowerzones・becauseourdatadoesnotincludeacom-eatingduring

thisperiodinthosezones.Therefbre,thealtitudinaldiffbrenceinwintermusthave

beenlargerthanwhatwasreportedhere.
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ALTITUDINAL,SEASONALANDrNTER-ANNUALVARIArIONOFD】ET

Thepurposeofthepresentstudywastounderstandthedeterminantsof

altitudina1,seasonalandinter-annualvariationofthedietofYakUshimamacaques,and

examinetherelationshipbetweenhabitatanddietaryvariability.Ourresultsare

summar且zedasfbUows二Concerningthehabitat,(1)totalbasalareaofseed/fruitfood

treeswassmallerinthelowerconiferousforest.(2)Numberofseed/fruitspecies

availableperunitareawaslargerinthelowerzones.(3)Fleshy丘uitproductionwas

largeinthelowestzone.(4)Variabilityinseasonalfleshyfruitproductionincreased

withaltitude.(5)Fnlitswereavailablefbrlongerperiodsinthelowerzones,

Concemingthediet,(6)inlowerzones,macaquesatemoreseed/fruitandanimalmatter,

andlessfibrousfoodsandfungi.(7)Dietchangedcontinuouslywithaltitude.(8)

Figsandspring-bornefruitswerenotavailabletomacaquesinthehighestzone.(9)

Dietaryvariabilityincreasedwithaltitude.

Whatcausestheseasonal,altitudinalandinter-annualvariationsinthedietof

Ya㎞shimamacaques?Mostoftheirdietconsistsofseed/fruitandfibrousmaterials,

andtheseasonalchangesinRDWofthesetwocategorieswerecomplementary.In

YakUshima,evergreenleavesareavailableinallzones,andmacaqueswereobservedto

eatevergreenleaves(coastalfbrest:Agetsuma,1995;Hi11,1997;lowerconiferous

fbrest:Hanya,unpublisheddata).Matureleavesareavailableinallseasonsatany

altitude,anditisknownthatmatureleavesareeatenonlywhenpreferredfoodsarenot

availableinthecoastalforestofYakUshima(Agetsuma,1995).Y6ungleavesare

consumedinresponsetotheincreasedavailability,buttheyareeatenfbronlyalimited

period,andtheamountismuchsmallerthantheamountofmatureleaves(Agetsuma,

1995;Hill,1997).Thus,itisreasonabletosupPosepatternsofseed/fruitconsumption

determinesoveralldietarycomposition.Then,whatcausesthevariationofseed/fruit

consumption?

Seed/fruitproductionanditsspeciescompositionseemedtobetheprincipal
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fa、t・ ・d・t・ ・mi・i・gth,v・ ・i・ti・n・f・eed/fruit・ ・n・umpti・n.1・thec…t・lf・ ・e・t・f・・it

P・ ・d・Cti・n・ ・d・n・ity・f・eed伽itt・ee・w・ ・high・ ・t,・nd・peci・ ・diversityw・ ・a1・ ・

high・ ・t.S・m・ ・a・e・peci・ ・,・・peci・11y丘gssu・t・i・ ・dth・macaq…i・thi・z・n・f・ ・a

longtime.Theseexplainthelongestperiodwhenmacaquesreliedonseed/fruit

heavily1nthecoastalfbrest,Inthelowerconiferousforest,丘uitproductionordensity

ofseed/丘uittreeswaslowest,speciesdiversitywaslowest,andsometypesofseed/丘uit

fbodspecies(suchasfigsorspring-borneLitseaacuminata)werelacking・These

explaintheshortestperiodwhenmacaquesreliedonseed/fruitheavilyinthelower

coniferousfbrest.Inthebroad-leavedfbrest,fruitproductionandseed/fhlitspecies

diversitywaslowerthanthecoastalfbrest,butdensityofthecompositionofthemain

itemswassimilartothatofthecoastalfbrest.Theseexplaintheintermediateperiod

whenmacaquesreliedonseed/fruitheavilyinthebroad-1eavedfbrest。Thus,

continuousaltitudinaldietaryvariationwascausedbythealtitudinalvariationin

seed/fnユitavailability.

Therewerealsoseasonalandaltitudinalvariationsinconsumptionofanimal

mattersandfUngi.Macaquesseemedtoeatanimalmatterswhenandwhere

temperaturewashigh.Insectswereprobablymoreavailablewhentemperaturewas

high(Agetsuma,1995).MacaquesmighteatfUngiwhenfruitsarescarce,atleastin

thecoastalandbroad-1eavedfbrest.

Ya㎞shimamacaquesgenerallyshowedannuallycyclicpatternsofdietary

shiftsonamonthlybasis.ThisiscontrastivetothreeCostaRicanprimates,which

exhibitnocyclicityofdiet(Chapman,1987),Thisdifferencemaysuggestthat

seasonalchangeismorepredictableintemperatefbrestthanintropicalrainfbrest .

However,morepopulationsshouldbecomparedbefbremakingaconclusiononthe

differenceinannualcyclicityofdiet.Theinter-annualvariationsweresmallin

autumn.Thiswasprobablybecausemanyspecies丘uitedinautumn
,sotheeffectof

inter-annualdifferencesinfruitproductionofeachspecies(Noma,1997)wascanceled
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out.Inotherseasons,numberofavailableseed/fruitspecieswassmall,thusoverall

dietarycompositionwouldbeinfluencedbyonlyafewspecies,suchasルlyricarubrain

theearlysummer(Hill&Agetsuma,1995).Thus,itwassuggestedthatinter-annual

variationorcyclicityofthedietwasalsocausedbythevariationofseed/fruit

availability.

ADAPTIVESIGN[FICANCEOFDlETARYVARIAB】UTY

ContrarytoChapman&Chapman(1990),altitudinalcomparisonsof

Ya㎞shimamacaquesindicatedthattheseasonaldietaryvariabilitywashighwhere

seasonalvariabilityinfruitabundancewashigh.TheYa㎞shimamacaqueexample

suggeststhatdietaryvariabilityisaresponsetoseasonallyvariableenvironmentsin

termsoftheavailabilityofhighqualityfbods.

Thisconclusioncannotbegeneralizedverymuchbecausefewstudieshave

quantifiedvariabilityofdietandhabitatashasthepresentone(butseeChapman,1987).

However,qualitativecomparisonispossible,inparticularinthelongperiod(5months

inayear)whenYakUshimamacaquesatenofruitsinthelowerconiferousforest,which

wasthemaincauseofhighdietaryvariabilityinthiszone.Thisisquitealongperiod

fbrlarge-ormedium-sizednon-fbrestomachfbrmenteranthropoids(e.g.ルlacaca

プbsc/cularゴs,Yearger,1996;Mη ノ8rα,0'Brien&Kinnaird,1997;M.rαdiata,Ali,1986;

ルf'.〃e〃lestア ノ〃o,Caldecott,1986;Lophocebusalbigena,PoulsenetaL,2001;ルlrndr〃1〃5

sphinx,Hoshino,1985;Cercoρithecz'sspp.,Gautier-Hion,1980;1)ongopygη1αeus,

Galdikas,1988;Pantroglodytes,Yamakoshi,1998;Hンlobatesagilis,Gittins,1982;

Ca〃ioebustorguαt〃5,PalaciosetaL,1997;Cebusape〃d,Galetti&Pedroni,1994;

/lloz'atta、 ρi8アα,SilveretaL,1998;Lagothrixlagotricha,Peres,1994;Brach;ソteles

α1'achnoides,Strier,1991)・Thesespeciesusuallydonotexperienceseasonwhenthey

donoteatseed/fruitatall.Exceptionsaremacaquesintemperateregions(M

(ツ01qg/5:Su&Lee,2001;M・Sylvanus:Mehlman:1988;M・mz〃dtta:Goldstein&
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Kchard,1989),baboons(Palガoの ノnocephalus:Post,1982),patasmonkeys

(Eり,throcebuspatas:Isbel1,1998),andmountaingorillas(Gorillagoア ノ〃dberingeノ:

Watts,1984).Thehabitatsofthesespecies,includingJapanesemacaques,are

marginalfbrprimates.Inaddition,theyareoftentheonlyprimatespeciesthere・In

thesemarginalhab1tats,fruitproductionishighlyseasonal(temperatefbrest,thisstudy)

orverysporadic(highmountainsofmountaingorillas'habitat,Watts,1984).The

abilitytoincludelow-qualityfbods,atleastfbrapartoftheyear,isnecessaryinthese

habitats.Thesefactssuggestdietaryvariability,probablyinresponsetoaseasonally

variableenvironment,wasanessentialadaptationtomaketheirradiationintomarginal

habitatspossible.
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Table3-1.Comparisonofdetectabilityconstant

a.troOP*

OMPESY

(37/480)(23/268)(47/519)

29.529.327.8

b.t㎞eofday

6:00-9:009:00-12:0012:00-

(34/362)(44/512)(39/518)

12.632.530.4

c.distance丘omnearestridges

-200m200m・300m300m-

(7/264,4points)(46/418,llpoints)(64/710,13pohlts)

33,131.427.9

d.distance丘omrivers

-200m200m-

(30/425,8points)(87/867,20poilts)

30.526.7

e.differencebetWeenminimumandmaximumaltitudeinquadrate

-200m200m-

(60/732,11points)(57/660,17poilts)

30.830.2

fday

firsttwodayssecondtwodayslasttwodays

(31/350)(39/559)(47/483)

34.226.323.5

Valuesintheparenthesesilldicate#distancedata/#detectionatpoints,and#points.

*HRtroopwasexcludedbecauseofthescarcityofdata ,

a.F-test:OMvsPE,Fs=0.00012,p>0.1;PEvsSY,Fs=020,p>0.1;

SYvsOM,Fs=0.16,p>0.1.

b.F-test:6:00-vs9:00-,Fs=5.09,0.05<p<α1;9:00-vsl2:00-,Fs=0.026,p>0.1;

12:00-vs6:00-,Fs=12.5,p<0.01.

c.F-test:-200mvs200m-300m,Fs=0.064,P>0.1;200-300mvs300m-,Fs=0.12,

p>0.1;300m-vs。200m,Fs=0。76,p>0.1.

d.F-test:Fsニ0.95,p>0.1.

e.F-test:Fs=0.015,p>0.L

fF-test:fisrtvssecond,Fs=1.46,P>0.1;secondvslast,Fsニ0.62,P>0.1;

1astvsfirst,Fs=3.62,p>0.1
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Table4-1.Numberofdaysandpo元ntsineachcensustemユs

YearDateCensustemAltitude(m)

In皿

1993Jut20-AuglO3310～310

98

1994Jull8rAugO642430～1332

9821

1995Ju124rAugl244900～1332

1715

1997Ju陰6-AugO742920～1886

2325

2000JuB5-AugO96620～1331

28

Upp。r:numberofdayscensuswasconductedineachcensustem.

Lower:numberofpointssampledineachcensusterm.

Table4-2.Relativegroupdensity(RGD)andgroupsize

ZoneAltitude(m)RGDGroupsize

NMeanSDMaxMn

CoastalfbrestO-3990.412721.79.7467

Broad-leavedforest400-7990.130

Lowercniferousforest800-11990,20515.85.12410

Higherconiferousfbrestl200-0.21313。61.51512

Table4-3.AltitUdinalcomparisonoftotalannualfleshyfuitproduction

ZoneNtitUde(m)199920002001Mean

Coasねlf()rest2801738194116

Broad-1eavedfbrest60035471231

Lowerconiferousforest105023214128

Wetweightoffleshyparts(kg/ha)areshown.

Table4-4。PopulationdensitiesofJapanesemacaques

PopulationHabitatLatitude(N)Density(macaques/km2)Source

Yakushima,0-300mEvergreen3062・100Yoshihiroetal.,1999&thisstudy

KoshimaEvergreen3171Takasald
,1981

TakasakiyamaEvergreen3367Takasaki
,1981

KawaradakeEvergreen3359Takasaki
,1981

Yakushima,900-1300mEvergreen3036Yoshihiroeta1 .,1999&thisstudy

ToimisakiEvergreen3133Takasaki
,1981

Y・k・ ・him・ ・300-900mE…g・een3030-36Y・ ・hihi・。 ・t・L
,1999&thiss加dy

KinkazanDeciduous3818・271zawa
,1995

ShodoshimaDeciduous3412 .7-13.8Takasaki
,1981

ShimokitaDeciduous418.2Takasaki
,1981

ShigaHeightsDeciduous364-5.6Takasaki
,1981
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Table5-1.Numberoffaecalsamples

YearMonthCoastalBroad.leavedLovverconiferousTotal

fbrestfbrestfbrest

1999AprillO10828

May1812737

June1614535

July14141038

August151227

Septemberl5132149

0ctober17132858

NovemberlO141842

Decemberl5122047

2000January14121036

February17131444

March15131543

Apri111171543

May14101337

JunelOgl130

Julyl491033

Augustl371333

September1292445

0ctober10112142

Novemberl3102144

December1181433

2001January1391537

February15161142

March1112831

Tota1323279332934

Table5-2.OveralldietarypatternsduringthetWoyears

Seed/fruitFiberAnimalmatterFungiOther

CoastalfbrestO.7050.2270.0390.0260,004

Broad一 且eavedfbrestO.5790.3120.0150.0940

LowerconiferousforeslO,4030.4780.0090.1090

MeanrelativedryweightofcachcategoryineachmonthwasavcragedfortWoyearsineachzone.

.51



T劉ble5-3.Consumptionpatternsofmainitems

(a)Coastalfbrest

Typ・Sp・ ・i・・F副yRDWRanl・199920002001

AMJJASONDJFMAMJJASONDJFM

FigFi。ussup。.う 。M。,a・e・ ・7.91・ ・ ・ ・ ・ ・ ・ ・ ・ … 一 串 一 申'申 象 ゆ

FigFi。us、.吻M。,aceae3.86・ ・ ・ ・ ・ … 啄 申 一 ゆ 卑 申'喰

Fig朽 側 燃 勧M・ra。ea・3.39**申 一 噸 申 申*一 ゆ

Ea的s・ ㎜ 。rRuうUSSPP.R・sac。ae357串 申 申*ウ ー 申

Eadysum皿erMvricarubraMyticaceae6.13申 ・ 啄 噸 卓

馳s㎜ 。rP酬 ゐμ鰍Lauraceae2.014*噸 申 ゆ
Summerゾaut町nnハda〃 ∂幡 ノdponicusEuphorbiaceaeL116ゆ 卓 申 申

S㎜ 翻 加㎜ σo… ασ励11αComaceae1.117**卓*噛

S㎜e㎡au㎞ 廊 ψ 吻o吻S傾phy1。acca。2.711*ゆ ゆ ゆ ゆ 申.口 噸 窄.ネ ゆ 車

Su㎜ 。伽tUnmRhussuccedaneaAnacardiacea。7.72*ホ 申 噛 一 申.申 吻 一 申 申 ゆ 申

Su㎜e加 ㎜ 魎 皿Th。aceae4,25ホ 申 曝 噛 一*申**申 申 一

Su㎜ 翻 伽㎜ 楓 醜 α皿Laura。ea。2.810吻 卓 申 申 申*申 申 申 ゆ

Su㎜e伽 加mnDistyliumra・ θ励・surnHa㎜ 。lidac。ae1.215*・ 噸

Sumrne=ノautumn」Fagaraalianthoides】kutaceae3.48*ゆ 申 ゆ*申*巾

Surnme伽 ㎞ 痂 ア加翻 召伽Rubia。eae4.54*申 一 ゆ 申*唾

Su㎜e伽tUrrmLysimachiasikOin'anaprimula。eae2.612申 一 一 申 申 一

S血gLitSeaacuminataLau囮ccae2.313噛 噛 申.申

(b)Bload-leavedforest

TypeSpeciesFam麺yRDW】kankl99920002001

AMJJASONDJFMAMJJASONDJFM

FigFiCtcspumilaMoraceae7.Ol喧 申 申*寧 申*.*卿 申 噛 庫

HgFiCUSSPP.Moracoae2.59噸*ゆ 喰*申*

FigFicussuperうaMoraceao1.613*申 申 巾 ゆ 申 申**卵 卵.*
脚●響

助summerR伽spp.R。 陥ceae3.46-*申 申 一 申 一

EarlysurnrnerPrunecsjamasaたuraRosacea巳1.219申 申 串

Earlysurnrner撫7/oρ 励 アaMyticaceae5.92申 寧.申

S㎜e伽turnnMallontsjaponiczasEuphorbiaceael.912*寧 喰

S㎜ 繭 伽VitisficrfoliaVi伽a。1,316*ゆ 聯 申.-

S㎜ 巳加 而 卿o鵬 加 εS抑plocac。aeL911一 申.ゆ 一 噸 串

Sumln凱 ゾau加㎜ ハreolitSea皿Lauraccae2.210申.申 申 寧 申 申

S㎜e伽 蜘 馳.皿Theac。ae2.97*一.一 …

Summer/autumnnFagaアaalianthoゴdesRu重a㏄ae1515*申*尊 噸 申 ホ 寧

Summer/autUrnnElaeocarPitsjapon'傭Elaeo。a甲a。cac3.45.・ 庫 申 巾 喰 一 申

Summe伽 加m助liumracemosum}larrmlelidaceae2.68.申*申 一

Surnmerlau加rm&,mぬ}os刀 摺η吻 肋S抑plo。aceae1.317-一.

Summerlau舳 撫 脇 繍 ガMyrsinaceae4.64一 串..喰 噸.

Surnmerゾaunlmnルlorinda躍 〃置うellataRubiaoeaeL614申 噛 ゆ ホ 噸

S㎜ 。伽tUrnnLysimachiasikoldanaP㎞ 幽ceae1,218廓..申 巾 申
の

Sp血gLitSeaacu〃 置加ataLauracoao4.93ゆ 尊.尊 韓 … 申*

(。)Low。rconiferousforest

TypcSpcoiosFam血yRDWRankl99920002001

AMJJSONDJFMAMJJASONDJFM

EarlysumrnerP糊amasakuraRo8a。cac3.34桝 申.申

Ea煙ysummorRuゐ 躍rsp2。Rosacoao3.25*串*■

Sumrnerla山nnSvmptoeosmvrtaceaS脚plocaceae3.92*申 申**申

Summer/auturnnCorntLskOzasaComac¢a。3,43卓 申*申*

Su㎜ 。rfautumnDistyiiumracemosumHamarnelidaccae1.67卿 中 噸*一 一 ゆ

Summe伽 ㎞n盈 皿 旦匹theaceae12.81一 申*噸 申 申 申**申

Surnrner/auturnnQ蜘 ㈱ifidusArdiaceae2.56*… …*_*

Su㎜e伽tUrnnSy卿castanahaeS獅plocacea。L38一 郎 一 串.

Summe伽tUrnnBoehmeri'taholaseri`¢ ロU面 。aceaeL29-*ゆ

Summer/au血 ㎜ ルxcrenataAq曲 匠a。eaeL210+一 申**・

RDWref幡to重heaverageofrneanrelatived[yweigh重of23/24monlhs,
喰indica重estheitemwasfoundinthefaecesinthernonthinlhezono

.

Underlinedspeciesfiui重edinthecorrespondingphenologyplotS.
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78910111213141516

Lo.290.160.030.100.210.150」oo」o

Mo.090.ooo.640.060 .050.170.230.060.100.02

No.160.130.ooo.320 .170.190.300.190.380.06

(a)Numberofgroupsdetected

78910111213141516

L3.041.610.251.oo2.161.480、951.oo

Mo.930.ooo.390.590.511.752.370.551.ooo.16

N1.591.350.oo3.391.731.943.181.944.140.64

(b)Estimatedgroupdensity

Fig・3-3・(a)Numberofgroupsdetected・averagedfbrtheentirecensusperiod(fbur-sixdays).

(b)Estilnatedgroupdensityfbreachobservationpoint.
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Fig.3-4.Changesin95%co面dencelimitof(a)themmlberofgroupsdetectedalld

(b)detectabilityconstantOwithvariousdurationsofcensusday・hl(a),onlythel3points

sampledf()rthesixentiredaysareused・N㎜bersintheparenthesesindicatecumulative

numberofdetection.In(わ),numbersinparenthesesindicatecumulativenumbersof

detectionsoffbllowedgroups/cumulativeduration(hours)ofgroupfbllows.
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Fig.4-1.Censusarea.Contoursaredrawneach300minaltitude.Opensquares

indicatephenologyplots.The丘11edtriangleisthehighestpeak,Mt.Miyanoura(1,935m

a.s⊥).Doublelineindicatesaroadalongwhichnumberoffbodspecieswasstudied.

Mostofthefaecalsampleswerecollectedontheroad(chapter5).
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Kramertestbetweenthezonesconnectedbylines・*P<0.1,**P<0 .05,***Pく0.01,

****p〈0 .001.
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Fig・5-1・Altitudinalcomparisonsof(a)basalareaofseed/fruit-foodtreesamong19plots

and(b)nuInberofseed/fU」itspecieswhichapPearedalonga1001n-longsegInentofaroad

wherefaeceswerecollected・Meansandstandarddeviationsaresho"m.Foodspecieswere

determinedbytheresultoffaecalanalysis.
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Fig.5-2・Monthlychangesofdietalycompositloninmeanrelativedryweight.
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