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主論文の要旨

屋久島照葉樹林内のヤクシマザルの遊動 採食行動を環境要因から検討 した。

ヤクシマザルは主に果実 ・葉 種子 花および昆虫等を採食 していたが、食物

の季節的変動は非常 に大 きかった。各食物品目の森林内の現存量および気温 と各

食物の採食時間の関係 を分析 した結果、彼らの食物選択には食物現存量だけでな

く気温 も大 きな影響を及ぼ していることが判明した。気温が体温維持のエネルギ
ー消費量 とタンパク質源である昆虫等の採食可能性 を変化させ ることによりサル

の食物選択に影響を与えたものと考えられた。

ヤクシマザルの1日 当 た りの移動時 間 と採 食時間は食物によって大 きく変化 し

ていた。彼 らは単位重当たりの熱量は高いが現存量の少ない果実などを採食する

場合には、移動時間を長 く採食時間を短 くしていた。一方、熱量は低いが発見 し

やすい葉 などを採食する場合には逆の傾向を示 した。基本的に彼らは食物の発見

に関わる出費と、採食 した場合の利益 をバランスさせる戦略をとっていたと考え

られた、そ して、これら食物、採食 移動時間などは食物環境の変動 により、短

期間に複雑に変化することも示された。

ヤクシマザルの遊動域は食物の分布状態に対応 していた。彼らが果実を主に採

食 していた時期では果実量の高い地域を集中的に利用 していた。 ところが、彼 ら

が葉 も頻繁に採食 していた時期では、必ず しも葉量の高い場所を遊動せず、多種

類の葉 を利用で きる場所 を利用 していた。彼 らは多種類の葉を採食することで単
一の二次代謝物の蓄積を避け、消化効率を上げていたことが示唆された。

最後に、群れ内の個体同士の活動の同調性が、群れサイズおよび利用する食物

により、いかに変化するかを検討 した。大 きな群れ(15-19頭)と 小 さな群れ(5-

8頭)に おける個体問の活動 の同調性 を調べた結果、いずれの群れでも個体間で活

動を同調させる傾向がみられた.し か しなが ら、大 きな群 れでは小 さな群れに比

べ、食物必要量が多い、群れ内の採食競合が強い、群れを見失いにくいなどの理

由から、同調の程度が低いことが示唆された。
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ABSTRACT

FeedingecologyofYakushimamacaques(ノ 吻cocα 加cα'αyoん 碗)inwarm-

temperatebroad-leavedfbrestofYakushimaislandwasexaminedinrelationto

environmentalfactors.

Yakushimamacaquesfbdmainlyonfruits,seeds,1eaves,flowersandinsects.

However,seasonalvariationintheirdietwasgreat.Dietaryselectionbymonkeyswas

examinedinrelationtofbodavailabilityandah.temperature.Multipleregression

analysisindicatedthatbothfoodavailabilityandtemperatureinfluencedtheselection

offbods.Feedingonyoungleaves,seedsandflowerswereaffbctedmoreby

availability,whereasfbedingonffuits,matureleavesandfallenseedswereaffbcted

morebytemperature.Feedingoninsectswasstronglycorrelatedwithtemperature,

thoughtheiravailabilitywasnotassessed.Itissuggestedthattemperatureinfluences

dietaryselectionofYakushimamacaquesbychangingtheenergyexpenditurerequired

forthe㎜oregulation,andthroughitsinfluenceontheavailabilityofinsects,whichare

animportantproteinsourcefbrthemonkeys(Chapter1).

TheactivitybudgetanddietofYakushimamacaqueswereinvestigated.Both

timespentfbedingandmovingvariedconsiderablybetweenhalf-months.However,

totaltimespentinactivebehaviors(feedingtimeplusmovingtime)wasstable.Time

spentfbedingonmatureleaves,youngleaves,flowersorfねllenseedswaspositively

correlatedwithtotaltimespentf6eding,andwasnegativelycorrelatedwithtimespent

moving.Bycontrast,timespentfbedingonfruits,seeds,insectsorfungishowed

oppositetrendswithfbedingtimeandmovingtime.Iftimespentfbedingonfruits,

whichprovidemoreenergyandmayrequirelessmanipulationthanotherfbods,is

regardedasabenefit,andmovingtimeasacost,Yakushimamacaquesseemedto

employastrategythatbalancedthecostsandbenefitsofforaging(Chapter2).

RapidchangesintheforagingpattemsofYakushimamacaquesaredescribed.

Theseoccurred丘omMaytoJuneandwereapParendyassociatedwithchangesinthe
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availabilityofル ◎r'cαr配 加 αfruit.Befbretheripeningofthefnlitthemonkeysmoved

slowlyandspentmuchtimefbedingontheleavesandbudsofmanyspecies .Inthis

period,theyrangedmainlyinanareawithahighleaf-foodspeciesdiversity.WhenM.

rκ加 α 丘uitbegantoripen,themonkeysfbdintensivelyonthem,thoughtheiractivity

budgetdidnotchange.Theyshiftedtheirrangetoanareawhereルf.rめrotreeswere

denselydistributed。Asthetotalnumberoftheffuitdecreased,themonkeysgradually

shiftedtofbedoninsectsandotherffuits,andspentmoretimemoving,movedat

higherspeedsandrangedmoreevenly.Intermsofmovingcostanddietquality,

monkeysshiftedtheirforagingpattemaccordingtotheavailabilityofル1.r麗 加 αffuit

froma"low-cost,low-yield"strategytoa"low-cost,high-yield"strategy,andthentoa

morecostlystrategy.TheabilitytomakesuchrapidshiRsinforag孟ngpattemmay

allowYakushimamacaquestomakeeffbctiveuseofthehighlyvariablefoodsupply

withintheirsmallrangingarea(Chapter3),

SynchronyofbehavioramongindividualsinagroupofYakushimamacaques

wasexaminedinrelationtogroupsizeandfbodresources.Thedegreeofsynchrony

wasgreaterwhenthegroupwassmall(5-8individuals)thanwhenitwaslarge(15-19

individuals).DietdidnotaffecttLedegreeofsynchrony.However,thedurationof

the冒lacdvephase'`,inwhichmostofmembersofthegroupsynchronizedf¢edingand

moving,wasshorterwhentheyfedmostlyonfruits(ffuit-eatingseason)thanwhen

theyfbdmostlyonotherfbods(non一 仕uit-eatingseason).Whenthegroupwaslarge

themonkeysrangedoveragreaterareaandforagedinfbwertreesduringthefruit-

eatingseasonthanduringthenon-ffuit-eatingseason.However,thistendencywasnot

soclearwhenthegroupwassmall.Theseresultssuggestthattheextenttowhichthe

distributionoffbodresourcesdeterminespattemsoffbragingincreaseswithgroupsize,

andthatmonkeysinlargergroupsmustreducelevelsofintra-groupR)odcompetition

inordertogetsufficientfood(Chapter4).
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Chapterl

DietaryselectionbyYakushimamacaques:

Thein血uenceoff60davailabmtyandtemperature
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1.11NTRODUCTION

Forefficientintakeofnutrients,animalsshouldvarytheirselectionoffoods

inrelationtonumberoffactorsincludingfoodqualityandavailabilityinthehabitat,

andtheanimals'metabolicrate(Schoener,1971).Therelationshipbetweenselection

ofplantfbods,suchasffuits,flowers,leaves,andtheiravailabilityhasrecentlybeen

studiedinseveralprimatespecies(e.g.Estrada,1984;Harrison,1984;Yeager,1989;

Davies,1991;LucasandCorlett,1991;Stanfbrd,1991;Strier,1991;Newton,1992).

Thesestudiessuggestedthatfbrsome負)odsfbedingisrelatedtoavailability,whilefor

othersitisnot.Foodswhichhaverelativelyhighquality,andwhichvarygreatlyin

availability,suchasfmits,flowers,andyoungleaves,tendtobefbdonaccordingto

theiravailability(e.g.Estrada,1984;Harrison,1984;Yeager,1989;LucasandCorlett,

1991;Newton,1992).

Selectionoffbodsbyprimatesisalsorelatedtobodyweight(Clutton-Brock

andHarveyl977;Sailer6'α1.,1985),ageandsex(Gautier-Hion,1980;Harrison,

1983,WatanukiandMkayama,1993).Thesefactorsinnuencethenu面tional

requirementsoftheindividualanimals.Largerspeciestendto色edmoreonleaves

becausetheyneedmoreenergy,buthavealowermetabolicrateperbodyweightthan

smallerspecies(Sailer6'01.,1985).Ithasalsobeensuggestedthatfbmalemonkeys

tendtofeedmoreonfoliagethanmalesinsomespecies,becauseofagreaterprotein

requirement(Gautier-Hionl980;Hanison,1983),andpregnancyandlactationmay

leadtoanincreaseinfbmalemetabolicrate(Portman,1970).Inaddition,thetypeof

digestivesystemaspecieshas,i.e.monogastricorruminant,willberelatedto

selectionoffibrousfoods,reflectingtheanimal「sabilitytobreakdownplantfibers

(Davies,1991).

Airtemperatureinfluencesthemetabolicrateofmonkeysbycausingchanges

intheenergyrequiredfk)rthemloregulation.Airtemperaturemighttherefbrebe

expectedtobeoneofthefactorsinfluencingdietaryselection.Patasmonkeysincrease

5



theirmetabolismbelowaround20》C(Mahoney,1980),nightmonkeysdosobelow

around35。C(LeMaho6∫ α'.,1981),slenderlorisesbelowaround35。C(Mullerθ'

α」.,1985)andJapanesemonkeysbelowaround30'C(Nakayama6'α'.,1971).Heat

producedbya免maleJapanesemonkeyof8kgis515W/dayat30。Candl262

Wldayat5.C(Nakayama6'01.,1971).Theformer且gurewillbealmostequaltothe

basalmetabolicrate,Therefbre,astemperaturedecreases,energyrequirements

increase(cf.IwamotoandDunbar,1983),anditispredictedthatmonkeyswilla(垣ust

theirselectionoffoodstoincreasetheefficiencyofnutritionalintake.However,the

influenceoftemperatureontheselectionoffoodsbyprimateshasreceivedonlylittle

attention(however,seeWatanukiandNakayama,1993).

Thepurposeofthispaperistoexaminetheinfluenceofairtemperatureon

dietaryselection.Yakushimamacaques(ルfocαcα 加co∫oyoん 厩),thesubjectofthis

paper,areoneoftwosubspeciesofJapanesemacaques(Mル ∫cα'o)andarefound

onlyonYakushimaisland.Theyinhabitforestdominatedbyevergreenbroad-leaved

trees,wheretemperaturevariesfrom5to31。Coverayear.Themonkeys艶ed

mainlyonffuits,seeds,leavesandinsects(Maruhashi,1980).Seasonalvariationof

dietisgreat,thoughdetailsoftheirdiethavebeenreportedonlyfbrlimitedmonths

(AugusttoDecember:Maruhashi,1980;MayandAugust:Maruhashi,1986).Thus,

Yakushimamacaquesareagoodsubjectfortestinginfluencesoffoodavailabilityand

temperatureondietaryse董ection.Thispaperfirstlydescribescharacteristicsofthe

foodavailabilityatdiff¢renttimesofyearandpattemsofconsumptionffomlO

months'data.Next,theinfluenceoffoodavailabi豆ityandtemperatureondietary

selectionareexamined.

1.2STUDYAREA

ThestudywascarriedoutonthenorthwestcoastofYakushimaisland(N30.,
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El31。),Japan.Annualrainfallisabout2600mm(Tagawa
,1980).Meanmonthly

maxlmumtemperaturevariedffoml3(January)to28。C(August)throughoutstudy

period.Theareaiscoveredbyprimaryandsecondarywarmtemperatebroad-leaved

forest(0-350mabovesealevel).Thefbrestconsistsmainlyofevergreenspeciesof

Fagaceae,MyrsinaceaeandLauraceae.DeciduousspeciesincludingseveralF蜘 ∫

speciesalsoexist.Thestudyareacontainsvarioustypesofvegetation:primaryforest ,

mixedprimaryandsecondaryforest,patchesofearlysuccessionaldeciduoustrees

alongtheroad,andcoastalvegetation.Thediversityofplantspecieswhichcompose

thefbrestishigh(Tagawa,1980).

1.3METHODS

Feedingbeh劉viors

FeedingbehaviorsofYakushimamacaquesinawellhabituatedgroup(P

Group:Hil1,1991a)wereobservedintermittentlyfromJanuaryl990toAprill992.

Thegroupsizevariedffom5tolgmembers(2to6adultmales,2to5adultfbmales)

asaresultofbirths,deathsandmigrationbymales,

Every10minutesa5-minutescan(Altmann,1974)wasmadeduringwhich

thebehaviorofaUvisiblemembersofthegroup,excludingsucklinginfants,was

recorded.Fooditems,i.e.partsandspeciesofwoodyplants,herbs,fbms,fungi,

insectsandotheritemsmonkeysfbdon,werealsorecorded.

Fooditemseatenbymonkeyswereclassifiedinto7categoriesaccordingto

theirspatialdistributionandnutritionalcharacteristics,asfollows.Fruits:wholefruits

includingseeds.Seeds:seedsandnutsontreeswithoutpulp.Fallenseeds:fallennuts,

seedsanddriedffuitsintheleaflitteronthefbrestfloor.Flowers:nectarandpetals.

Matureleaves:leavescompletelyspreadout.Youngleaves:immatureleaves,buds

andnewshoots.Insects:insectsandotheranimalmatter.Timespentfbedingoneach
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1temwasdeteminedbycalculatingthenumberofrecordsof艶edingonthatfboditem

asaproportionofthetotalnumberoffbedingrecordsineachmonth ,regardlessof

samplingyear.Annualtimespentfbedingoneachitemwascalculatedbyaveraging

valuesoftimespentf6edingontheitemofeachmonth .

Fooditemswhichaccountforl%ormoreoftimespentfbedingoverlO

calendarmonthswereregardedas"mainfboditems"andthosewhichaccountfbr

O.1%ormorewereregardedas'ピcommonfooditems電'

Measuringoftemperature

Amaximumandminimum血e㎜ometerwas行xedtoa仕eeintheforestatl.3

mabovetheground,7mawayffomanephemeralstre㎜.Oneverydayoffieldwork,

themaximumand血nimumtemperatureswererecorded.Dailymaximum

temperatureswererecorded30timesonaverage(rangel4-65times)fbreachcalendar

month.Thedatawerecombinedandaveragedeachmonthregardlessofsamplingyear.

Surveyoffbodavail劉bility

VegetationofthestudyareawassurveyedfromSeptember,1990toMay,

1992,Nine呼 一eight5m×50mbelt仕ansectswereestablishedunifo㎜lyover25ha

withintherangeofthestudygroup(about32ha).Thefbllowingmethodwasusedto

estimatethecrownareaofalltreesof5cmorgreaterDBHwhichlayonthetransect

belt.First,alinewasmeasuredwhichcorrespondedtothecrownwidthatitsgreatest

point(A).Next,asecondline(B)whichwasperpendiculartothefirstwasmeasured.

Then,thecrownareawasexpressedastheareaofanellipsewithlongaxis(A)and

shortaxis(B).Thismethodproducesanestimateofactualcrownareawhichcanbe

comparedbetweenspeciesatoneloca丘on,andbetweenlocations(Agetsumaand

Noma,inpress).Estimatedcrownareasweresummedforeachspecies.

Theperiodduringwhicheachplantfboditemwasavailablewascensused
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duringtheobservationofmonkeysandvegetationsurvey.Calendarmonthswhenat

leastoneindividualofaspeciesoffoodplanthadfruits,seeds,flowers,matureleaves

oryoungleavesavailablewererecorded.

Theavailabilityofeachcategoryofplantfoods(excludingf亘11enseeds)in

eachcalendarmonthwascalculatedasfollows.Foreachcalendarmonth,thetotal

crown鍵eaofco㎜onおodspeciesofthatcategoW,whichwereavailableinthat

monthreg飢dlessofs㎝plingye孤,wassu㎜ed.Themonthwithmaximumtot旬

crownareawasgivenavalueofone,andtotalcrownareaintheothermonthswas

expressedasaproportionofthis.Thisvalueisdescnbedastheindexofavailability.

Foragingon止egroundfbrfallenseedshasbeenobservedffequentlyin

Yakushimamacaques丘omwintertospring(Hill,1991a).Forestimatingthe

availabilityoffallenseeds,fivesiteswherethemonkeysforagedonthegroundwere

selectedfbrsampling.Thesamplingwascan孟edout5timesover8monthsonl7and

22September,9November,8andgDecemberinl991,3and4February,24Aprilin

l992.Eachtime,a25m2quadratwassetateachoffivesitesandfallenseedswithin

thequadratsweresampled.Thesampledseedswereidentifiedandcountedinthe

laboratory.

Availabilityoffallenseedswasexpressedasthedensityoffallenseedsof

commonfbods.Then,theavailabilityindexoftheitemwasexpressedbytherelative

densityofeachsamplingmonth.

1.4RESULTS

Atotalof10,733fbedingrecordswereobtainedduringthestudyperiod.

FeedingrecordsinJulyandOctoberweretoofewtobeanalyzed.Yakushima

macaquesfbdonatleast84species(151items)ofplantsinthestudyperiod.Fruits,

seedsandnutsof58species,flowersof14species,leaves,shootsandbudsof45
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speciesofwoodyplantswereeaten,inadditiontoherbsandgrassesof3species,fems

of4speciesandseveralspeciesofunidentifiedfungi.Themonkeysalsofbdon

severalspeciesofinsectsandvertebrates,Therewere21mainfboditems(17species)

whichaccountedforl%ormoreoftimespentfbedingoverlOcalendarmonths(Fig.

1.1)㎝d69co㎜on鉤oditems(51species)whichaccountedforO.1%ormore

(Tablel.1).

Availableperiodsandconsumpti①npatternsforeachfooditem

MonkeysfedontheseedofL励ocα ψ κ5θ伽1∫5(Fagaceae)inthetreesin

AugustandSeptember.Afterthis,theystartedtoforageintensivelyonfallenseedon

theground.Thedensity(No./m2)ofseedonthegroundvariedffom3.26(September),

8.04(November),5.18(December)to2.05(Febnlary).Bythelastsamplingtime,in

Apdl,thedensityofseedwasonlyO.50,and65%ofthemhad訓readyge㎜inated.

Theestimatedavailableperiodforthefallenseedwasthereforeconsideredtobefrom

AugusttoMarch.

Maturef㎞itof1悔oJ"∫ εααdc㍑1α ∫αwasavailableffomSeptemberto

November.Althoughtherewasonefbedingrecordfbrimmaturef士uitofthisspeciesin

February,theavailableperiodwasregardedtobeffomSeptembertoNovember.

Availableperiodsandconsumptionpattemsof21mainfooditemsareshown

inFigurel.1.Leaf-fboditemstendedtobeavailableforlongperiods,butwere

consumedinonlysmallamountseachmonth.Ontheotherhand,fruit-fooditems

tendedtobeavailablefbrshorterperiodsandwereconsumedinmuchgreater

amountsduringthattime.

CharacteristicplantfooditemsofYakushimamacaquescouldbeclassified

into3呼1£s,inte㎜sofav樋lablepenodsandconsumptionpa賃ems(Fig.1。land

Tablel.1).Typelfbodswereavailablefbr6monthsormoreoutofthelOcalendar

months,thoughtheywerefbdoninlessthantwothirdsoftheavailableperiod.Most
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ofthecommonmatureleaf-fooditemswereclassifiedasType1.

Type2foodswereavailablefbr6monthsormoreandwerefbdoninmore

thantwothirdsoftheavailableperiod.Threemainmatureleaf-fooditems,including

Or800η ∫46ρ ε4槻c㍑10'oandτr8η ταor∫6η ∫01∫5,whicharepioneerspeciesfbundalong

streamsandroadsides,and5commonfruit-fooditemsincluding2speciesofF蜘5,0.

p8伽 ηc配1α'α,andthefallenseedof」L.6ぬ1'∫,wereclassifiedasthistype.

Type3foodswereavailablefbrlessthan6months.Mostofcommonffuit-

fooditems,seed-fboditemsandyoungleaf-fboditems,andallcommonflower-fbod

itemswereclassifiedasType3.

TimespentfbedingonTypelfbodswasl5.4%,thatonType2foodswas

35.0%andthatonType3foodswas29.6%onaverageoverlOmonths㌦Type2

foodsincludedonly7items(Tablel.1),howeverthistypeconstitutedaconsiderable

proportionofthedietofthemonkeys。

Seasonalv繍riationofdiet

Timespentf巳edingoneachfbodcategoryineachmonthisshowninFigure

1.2.OnaverageoverthelOmonths,28.6%offeedingtimewasspentonfruits,

18.5%onmatureleaves,18.1%onfallenseeds,10.9%onseeds,8.9%oninsects,

4.9%onflowersand3.9%onyoungleaves.Thereweresignificantmonthly

diffbrencesinproportionsofthe7foodcategoriesinthediet(Chi-square>8,000,

p<0.001,dfl=6,df2=9).VariationinthedietwasgreatestfromDecembertoMay.

Duringthisperiod,thetopcategoryoffbodchangedinturnf止omfruits(December),

fallenseeds(JanuaryandFebruary),flowers(March),matureleaves(April)tofruits

(May).Bycontrast,ffomMaytoDecember,ffuit色edingwasdominant.Various

speciesofinsectswerefbdonthroughouttheyear,butinsect-eatingwasmostcommon

inthesu㎜er.
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Innuencesoff60davailabilityandtemperatureondietaryselection

Availabilityofeachplantfoodcategoryandmeanmaximumtemperaturefor

eachmonthareshowninFigurel.2.Monkeys飴donfallenseedsintensivelyf士om

SeptembertoMarch(Fig.1.2).OnlytheseedofL。 θぬ 〃3reachedthemainand

commonfbodcriterionwithinthef60dcategoryoffallenseeds.Moreover,88.5%of

allsampledfallenseedsfrom5quadrats(N=2,625)wereofthisspecies.Monthly

densityoftheseedvariedgreatlyonforestfloorasmentionedabove.Theavailability

indexofthisitemwasexpressedastherelativedensityineachmonth;August:0.21

(valueofSep.dividedby2),September:0.41,November:1.00,December:0.64,

January:0.45(meanvaluesofDec.andFeb.),February:0.25,March:0.16(mean

valuesofFeb.andApr.),April:0.06.Theavailabilityinothermonthswere

consideredtobezero.

Correlationsbetweenavailabilityofeachfbodcategoryandtemperatureare

examinedinFigure1.2(Tablel.2).Theavailabililyofbothffuits(r=-0.76,p<0.05,

n=10)andflowers(r=-0.78,p<0.Ol)werenegativelycorrelatedwithtemperature.The

availabilityofotherfoodcategorieshadnosignificantcorrelationswithtemperature.

Table1.3showscorrelationsbetweenfbedingoneachfoodcategory.

Significantpositivecorrelationswerefbundbetweenfeedingonseedsandinsects

(r=0.67,p<0,05),andbetweenmatureleavesandyoungleaves(r=0.76,p<0,01).On

theotherhand,negativecorrelationswerefoundbetweenfbedingonmatureleaves,

andf㎞its(r=-0.72,p<0.05),seeds(r=-0.66,p<0.05)andinsects(r=-0.59,p<0,1),and

betweenfallenseedsandinsects(r=-0.59,p<0.1).

Coefficientsofsimpleregressionsbetweenfbedingoneachfbod,andits

availabilityandtemperatureareshowninTablel.4.Feedingonyoungleaves(r=0.75,

p<0.05),flowers(r=0.62,p<0.1)andseeds(r=0.86,p<0.Ol)werepositivelycorrelated

withtheiravailability.Feedingonseeds(に0.76,p<0.05)andinsects(r=0.92,

p<0.001)showedpositivecorrelationswithtemperature.Ontheotherhand,mature
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leaves(r==-0,56,p<0.1)andfallenseeds(r=-0.82,p<0.Ol)showednegative

correlationswithtemperature.

Thedegreetowhichfbodavailabilityandtemperaturein伽encedfeedingon

eachplantfoodcategorywasanalyzedusingmultipleregressionanalysis.Multiple

andpartialregressioncoefficientsfbreachfoodcategoryareshowninFigurel.3.

Feedingonseeds(R=0.95,p<0.001)andfallenseeds(R=0.82,p<0.05)showed

significantmultipleregressioncoefficients.Partialregressioncoefficientsindicated

thattemperaturewasmoreclearlyrelatedtofbedingonfruits,matureleavesandfallen

seeds,thanwasfbodavailability。Highertemperaturewasassociatedwithanincrease

infbedingonfruits,andadecreaseinfbedingonmatureleavesandfallenseeds.This

meansthatevenifavailabilityofthesefbodcategoriesremainedunchanged,time

spentfbedingonthesefoodswouldchangewithtemperature。Ontheotherhand,

availabilitywasmorestronglyassociatedwithfbedingonyoungleavesandflowers.

1.5DISCUSSION

Characteristics①ffboditems

Fooditems(speciesandpart)ofYakushimamacaquesmaybeclassifiedinto

3typesinte㎜sofperiodsofavailabilityandpattemsofconsumption(Tablel.1).

Typelfbodswereavailablefbralongperiodbutwereconsumedforalimitedperiod.

Mostmatureleaf-foodspecieswereclassifiedasTypel.Type2foodswereavailable

andconsumedoveralongperiod.Thistypeconsistedmainlyofseveralf㎞itsand

somematureleaves.Type3fbodswereavailableandconsumedforshortperiods.

Mostyoungleaf-fbods,seed-fbodsandffuit-foodsandallflower-foodswereclassified

asType3.

Fmits,seedsandflowersareregardedashighqualityf60ds,predictingmore

readilyavailableenergy,andfbwersecondarycompoundsthanleaves(Hanison,1985;
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Milton,1993).Therefbre,Typelfbodsconsistedmainlyoflowerqualityitemsand

Type30fhigherqualityitems,intermsofenergy.Type2foodsconsistedofa

mixtureofhigherandlowerqualityitems.Yakushimamacaquesfbdbasicallyon

stableType2fbods,andoppo血nisticallyonvahableType3fbods.Monkeysfbdon

TypelfbodsmainlywhenType2andType3fbodsweredifficulttoobtain,from

MarchtoMay(Fig.1.1).

QualityofunitweightoffallenseedsshouldbeapProximatelyequaltoseeds

ontrees,intermsofreadilyavailableenergy.However,searchingfbrdispersedfallen

seedsintheleaflittermaytakelongertime,butrequirelessenergybecausethe

monkeysdonothavetomoveonandclimbupanddowntrees。Therefore,intotal,

免edingonfallenseedswillhaveyieldedrelativelylownutritionalintakewithlowcost

lnaunlt血me.

Matureleavesareregardedasalowqualityfbodintermsofreadilyavailable

energy(Hanison,1985;ChapmanandChapman,1990;Milton,1993).However,

matureleaveswereveryimportantfoodsfbrthemonkeysas"backstop'「fbods

(Harrison,1984).Matureleaveswouldinsureagainstthefl通lureofopportunistic

負)ragingfbrhigherquality,butmorevariableType3foodsbyassuringreliablefbod

intake.Greenmonkeys(Harrison,1984)andcappedlangurs(Stanfbrd,1991)may

alsohavesimilar"backstop"foods.However,toavoidtheaccumulationofsecondary

compounds,monkeysmayhaveto色edonvariousspeciesofmatureleavesrather

evenlyineachmonth(Fig.1.1)

Seasonalvariationofdiet

Yakushimamacaquesshowedlargeseasonalvariationofdiet(Fig.1.2).

Theirmonthlydietvaried丘omnearlyfblivorous,fruigivorous,tomixtureof

㎞igivorousandinsectivorous(Hill,1991b).Greatseasonalvariationindiethasalso

beenreportedforotherpopulationsofJapanesemacaques,bothincooltemperate
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(Suzuki,1965;Koganezawa,1975;Wada,1980)andinwa㎜temperateregions

(Iwamoto,1982).Thus,greatv肛iabilityofdietmaybeco㎜onlyfoundinany

habitatofJapanesemacaques。

In血uence①ftemperatureondietaryselection

TheresultsofthisstudyhaveshownthatdietaryselectionbyYakushima

macaquesisinfluenced,notonlybytheexistenceofaltemativefbodsandfbod

availability,butalsobyairtemperature.Temperaturehadanegativeinfluenceon

琵edingonmatureleavesandfねllenseeds,andapositiveoneonfbedingonseedsand

fruits(Fig.1.3).Apparentlyinwinter,whileavailabilityoff㎞itswashighest,time

spentf㏄dingon丘uitswaslower(Fig.1.2).Atlowerairtemperatures,monkeys

needtousemoreenergytomaintaintheirownbodytemperatures(e.g.Nakayama6'

α1.,1971).WhenYakushimamacaques色edonfruits,theyhavetomovefbralong

time,becausef由itshaveamoredisperseddistributionthanotherfbods.However,

Yakushimamacaquescanonlymoveandfbedfbrabout7hoursinaday(Agetsuma,

inpress),soitwouldbedifficulttocompensatefbrthegreaterenergyrequirementat

lowertemperaturessimplybyfeedingon丘uits.Therefbre,theyshi丘edtotheir

飴edingtofbodswhichneedlesscosttobefedon,suchasmatureleaves,inwinter.

Thehighlysignificantpositivecorrelationbetweenfbedingoninsectsand

temperature(Tablel.4)mayreflectbothincreasedactivityofinsectsandlarger

populationsathighertemperature。Insectfbedingwasa監sonegativelycorrelatedwith

feedingonmatureleavesand

f烈lenseeds,andpositivelywithfbedingonffuitsandseeds(Tablel.3).

Thus,temperaturemayinfluencedietaryselectionbothdirectlyandindirectly.

Twomechanismsbyw㎞chtemperatureinfluencesdietaryselectioncanbepossible.

Oneisthroughitsinnuenceontheenergyrequiredbrthe㎜oregulation.Withinthe

variationoftemperatureinthestudyarea(5-31。C),generally,thelowerthe
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temperaturebecomes,themoreenergythemonkeysneedfbrthermoregulation(e.g.

Nakayamaetal.,1971).HeatproductionofJapanesemonkeysat5。Cisabout2.5

timesgreaterthanat30。C(Nakayama6∫ α1り1971).Therefbre,atlowtemperatures

theyfbedonfbodswhichrequirelessenergytofind,suchasfallenseedsandmature

leaves.Bycontrast,athighertemperatures,themonkeysneedrelativelylessenergy

forthermoregulation,andalsotheycanpursuehigherquality,butmorewidely

dispersedfboditems,suchasseedsandffuits,byexpendingmoreenergyinforaging.

Anothermechanismistheinfluencethroughpossibilityofcaptureofinsects

asaproteinsource.Insectsandmatureleavesareprobablythemainproteinsources

forYakushimamacaques。Ingeneral,matureleavescontainhigherproteinandlower

energythanf㎞its(Milton,1993).Whenthetemperatureishigh,andmanyinsectsare

available,monkeyscandependoninsectsasaproteinsource,andonfruitsandseeds

asanenergysource.Ontheotherhand,atlowertemperatureswheninsectsareless

available,monkeyshavetofbedonleavesf6rlongperiodstoobtaintheirprotein

requirement.Infact,timespentfbedingoninsectswaspositivelycorrelatedwith

色edingonf㎞its(r=0.42,NS)andseeds(r=0.67,p<0.05),andnegativelycorrelated

withfbedingonmatureleaves(r=-0.59,p<0。1,Tablel.3).

Thesetwomechanismsarenotexclusiveanditispossiblethatbothinfluence

dietaryselectionbyYakushimamacaquestosomeextent.

Itmaybesaidthatingeneral,animalswhoneedmoreenergyan(yorprotein,

suchasspecieswithheavierbodyweight(Cultton-BrockandHarvey,1977;Sailer8∫

α1.,1985),pregnantorlactatingf奄males(Portman,1970;Gautier-Hion,1980;Harrison,

1983),monkeysincoolerhabitats(lwamotoandDunbar,1983),orincoolerseasons,

asshowninthisstudy,tendtohavemorefolivorousdiets.
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ForagingstrategiesofYakushimamacaques

17

Chapter2



2.11NTRODUCTION

Manyprimatespeciesshowlargeseasonalvariationsindiets(Chapmanand

Chapman,1990).Foodsvaryintheirphysicalcharacteristics,nutrientcontentsand

spatialdistributioninthehabitat(e.g.Clutton-BrockandHarvey,1977;Harrison,

1984).Thismeansthattheforagingcosts,intermsofsearchingandprocessing,and

thenutritionalbenefitsobtained,willdiff6rbetweendif驚rentfboditems.Monkeys

mustmanagetheallocationoftimetofbeding,movingandotherbehaviorsinorderto

balancethecostsandbenefitsoffbragingondiffbrentfboditems.Therefore,their

activitybudgetwillbestronglyinfluencedbythenatureofthediet(Maruhashi,1981;

Marsh,1978;Hanison1985).

Clutton-BrockandHarvey(1977)examinedinter-speciesdiffbrencesinthe

relationbetweenactivitybudgetanddietinprimates.Theyfbundanegative

correlationbetweentimespentfeedingonleavesandbothfbedingtimeandmoving

time.Theysuggestedthatthiswasbecausefbodsotherthanleaves,suchasfruits,

flowersandanimalmatter,aregenerallylessabundantinthefbrestandmoretimeis

neededfbrsearchingfbrandprocessingthem.

Acloserelationshipbetweenactivitybudgetanddietshouldbeapparentfor

anyprimatespecieswithavariablediet,butratherfewstudieshaveconcentratedon

thisaspect(e.g.Marsh,1981;WatanukiandNakayama,1993).Inordertodiscuss

species-specificfbedingstrategies,anunderstandingoftherelationshipbetween

ac口vitybudgetanddietisessential.

Foragingstrategiesofprimatescanbeexaminedbyassumingthatdistance

moved,ortimespentmoving,representthecostsofforaging,whiletimespentfeeding

onfbodssuchasffuits,whichcontainmoreenergythanotherfoods,representthe

benefits(Hanison,1985;AgetsumaandNoma,inpress).Thispaperexaminesthe

relationshipbetweenactivitybudgetanddietinonegroupofYakushimamacaques.

Thefindingsarethendiscussedwithrefbrencetotheirforagingstrategy。
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2.2STUDYAREAANI)SUBJECTS

ThestudywascarriedoutonthenorthwestcoastofYakushima(30。N,131。

E),anislandinthesouthofJapan.Annualrainfallisabout2600mmandmean

temperatureis21。C.Theareaiscoveredbyprimaryandsecondarywarmtemperate

broad-leavedfbrest.Thediversityofplantspeciesinthefbrestisveryhigh(Tagawa,

1980),although25%ofhightrees(>15cmDBH)consistedofspeciesofthe

FagaceaeandLauraceae(Maruhashi,1980).

Yakushimamacaques(物coco加co'oyoん μ')areoneoftwosubspeciesof

Japanesemacaques(M .加cα ∫α)andarefoundonlyonYakushimaisland,Japan。

They色edmainlyonf㎞its,seeds,1eaves,flowersandinsects(Maruhashi,1980;Hill,

1991a).Thecompositionoftheirdietishighlyvariable,bothseasonally(Hill,1991a)

andinter-annually(HillandAgetsuma,inpress).Theonlyreportontheiractivity

budgetsis鉛rtheperiodffomAugusttoDecember(Maruhashi,1981),whenthe

compositionofthedietisreladvelystable.

2.3METHODS

Observationofmonkeys

BehaviorsofYakushimamacaquesinawell-habituatedgroup(PGroup:Hill,

1991b)wereobservedintermittently丘omJanuaryl990toMayl992.Thegroupsize

variedffom5tolgmembers(including2to6adultmales,2to5adultfemales),asa

resultofbirths,deathsandmigrationbymales,Every10minutesthestudygroupwas

scannedfbr5minutesandthebehaviorofallvisiblemembersofthegroup,excluding

asucklinginfant,wererecorded(Altmann,1974)。

Fooditems,i.e.speciesandpartsofwoodyplants,herbs,fems,fungi,insects

19



andotheritemsthatthemonkeys飴don,werealsorecorded.Treesthatthemonkeys

琵dffomduringscansweremarked,asfaraspossible,betweenscanningperiods.

Dataanalysis

Behaviorswereclassifiedintothefollowing5activitycategories.Feed:

searchingfbr,processing,andeatingfooditems;Move:walking,running,climbing

andjumpingonthegroundandtrees;Socialgroom:groomingandbeinggroomedby

othermonkeys;Inactive:sitting,lying,standingwithoutanymotion;Otheractivities:

self-groo血ng,mountingandbeingmounted,agonisticbehaviors.Feedingand

movingwereregardedasactivebehaviorsintheanalysis.

Theanalysiscomparesdataf士omhalf-monthlyperiodsbecausepreviouswork

onYakushimamacaqueshasshownthatdramaticchangesintheactivitybudgetand

dietcantakeplacewithinamonth(HillandAgetsuma,inpress).

Thetimespentineachactivitywascalculatedusingthefollowingmethod.

First,thenumberofmonkeysengagedineachactivityineachscanwascalculatedasa

proportionofthetotalnumberofindividualsinthescan.Thiswasdonetoavoidover-

representadonofhighlyvisibleactivitiesbetweeneachscan(Maruhashi,1981;

Harrison,1985;AgetsumaandNoma,inpress).Foreachhalf-monthperiod,these

proportionswerethensummedanddividedbythetotalnumberofscanstogivean

averageproportionfbrthatacdvity.

Seasonalvariationinday-lengthatthestudysiteismorethan4hours,and

thisisboundtoinfluencetheactivityperiodofthesediurnalmonkeys.Tocontrolfor

this,theaverageproportionfbreachactivitywasmultipliedbythemeanday-lengthof

allobservationdayswithineachhalf-monthperiod.

Fooditemseatenbythemonkeyswereclassifiedintosevencategories

accordingtotheirspatialdistributionandnutritionalcharacteristics,asfollows.Fruits:

wholefleshypartsofffuitwithorwithoutseeds;Seeds:seedsandnutsontrees,

20



excludingfallenseeds;Fallenseeds:fallennuts,seedsanddnedfruitsintheleaflitter

onthefbrestfloor;Flowers:pet訓sandnectar;Matureleaves:1eavescompletely

unfurled;Youngleaves:immatureleaves,budsandnewshoots;Insects:insectsand

theotheranimalmatter;Fungi:toadstools,etc.

Timespentfeedingoneachfbodcategorywasdeterminedasaproportionof

thetotalnumberoffeedingrecordsforeachhalf-monthperiod.

Vegetationsurvey

Densitiesandcrownareasoffood-treespeciesinthestudyareaandcrown

areasofmarkcdfbod-treesweresurveyedf止omOctober,1989toFebruary,1993.

Ninetyeight5m×50mbelttransects(total2.45ha)wereestablisheduniformlyover

anareaofabout30hawherethestudygroupmostlyranged.Thefollowingmethod

wasusedtoestimatethecrownareaofalltreesequaltoorgreaterthan5cmDBH,

whichlayonthetransectbelt.First,alinewasmeasuredthatcorrespondedtothe

crownwidthatitsgreatestpoint(A).Thenasecondline(B),whichwasperpendicular

tothefirst,wasmeasured.Thecrownareawasexpressedastheareaofanellipsewith

longaxis(A)andshortaxis(B).Thismethodproducesanestimateofactualcrown

areawhichcanbeusedtocomparediffbrentspeciesatonelocationorindiffbrent

locations(AgetsumaandNoma,inpress),

ThedensityofF'cκ ∫餌 ρ6rわowastoolowtobesurveyedbythebelttransects,

thoughthef士uitisanimportantfboditemfbrthemonkeys(Maruhashi,1980,1986).

Thenumberoftreesofthisspecieswasdeterminedovertheentire30haareaandthe

crownareasofalltreesweremeasured.

Crownareasofmarkedfbodtreesweremeasuredasfaraspossiblebythe

samemethodasmentionedabove,iftheyhadnotalreadybeenmeasuredinbelt

transects.

Theperiodofavailabilityfbreachplantfooditemwasassessedwhilemaldng
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observationsofthemonkeysanddoingthevegetationsurvey.Ifatleastone

individualofaspeciesboreaparticularfboditem(i.e.ffuits,seeds,flowers,mature

leavesoryoungleaves)duringaparticularcalendarmonth,thenthatfoodwas

recordedasbeingavailableinthatmonth.

2.4RESULTS

Activitybudget

Twenty-twosetsofhalf-monthlydataondietandactivitybudgetwere

collected.Foreachhalf-monthbetween68and359scansamplesweretaken。Data

collectionwasdoneintermittently,butdatawereobtainedduringeachofthef6ur

seasons.

Figure2.lshowsseasonalchangesintimespentfbedingandtimespent

moving.Bothfeedingandmovingtimevariedgreatly.Feedingtimewaslongerfrom

DecembertoMayandshorterf士omJunetoNovemberingeneral.Movingtime

showedtheoppositetrendtofbedingtime.

Meanandstandarddeviation(SD)oftimespentineachactivityineachofthe

22half-monthswerecalculated(Table2.1).Timespentineachactivitywashighly

variable.However,timespentinactivebehaviors,thatisthesumoffeedingtimeand

movingtime,wasrathermorestablethaneitherfbedingtimeormovingtimealone.

Thecoefficientofvariation(CV:SD/mean)fbrtimespentinactivebehaviorswas

smallerthanforthoseforfbedingtimeormovingtime(Activebehavior-Feeding,

F=3.67,p<0.Ol;Acdvebehavior-Moving;F=3.47,p<0.Ol,nl=n2=22).

Ifitisassumedthatmonkeysremaininactivethroughoutthenight,thenthe

totalinactivetimeina24hourperiodcanbecalculatedbysummingtimespent

inactiveduringthedayandnightlength。SDandCVfortotalinactivetimewere

rathersmallerthanthosefbrtimespentinactiveduringdaylighthours(SD,Fニ1.73,
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0.2<p<0.3,NS;CV.F=60.4,p<0.001,nl=n2=22).

Diet

Seventyfburspeciesofwoodyplantsandvines,andvariouskindsofherbs,

艶ms,insectsandfungiwere色donbythemonkeys.Themonkeysatethefruitsof

valiousspecies,includingF∫c配3∫ κρθrわα,・F.6rεc'α,ル1ン7∫cor∬ わアα,and」P6r5θ α

'伽 ηわθ㎎・",theseedsofR伽 ∫∫灘cc6ぬ η6α,andthematureleavesofspeciessuchas

Or80cη'4ε ρθ伽 ηcκ1α∫α,7r8脚or'θ 磁1'5andColllcα ψospp.Mostofthefallenseeds

fedonbythemonkeysweretheacomsof肋 〃ocα ψ 配∫6ぬ1∫5.Themainflower-fbod

specieswasO.P6伽 ηcμ1α孟α.

TimespentfbedingoneachfbodcategoryisshowninTable2.2.Itcanbe

seenthattherewasextremevariationinthediet.Eachofffuits,seeds,fallenseeds,

flowers,matureleavesandyoungleavesreachedamaximumofatleast30%ofall

fbedingtimeinsomehalf-months.Insectsandfungiwererathersupplementaryfoods,

accountingfbratmost25%,and8%offeedingtime,respectively.

Correlationsbetweenfbedingoneachcategoryandactivitybudget

Eveninthesamehalf-month,activitybudgetanddietcouldvarygreatly

betweenyears.Forexample,lateFebruaryin1990,monkeysfedmainlyonfallen

seeds(38%offbedingtime)andonmatureleaves(29%),andspentfeedingperday

anaverage5.3hours.OntheotherhandinlateFebruary1991,theyfbdmainlyon

matureleaves(62%)andlessonfallenseeds(1%),andspentonly3.6hoursperday

feeding.

Therewereseveralsignificantcorrelationsbetweentimespentfbedingon

eachfbodcategoryandtimespentineachactivity.Feedingonfmits,seeds,insects

andfUngishowednegativecorrelationswithfbedingtimeandsignificantpositive

correlationswithmovingtime(Fig.2,2).
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Theoppositetrendwasseenintimespentfbedingonmatureleaves,flowers,

fallennutsandyoungleaves,allofwhichwerepositivelycorrelatedw孟thfbedingtime,

andnegativelycorrelatedwithmovingtime.

Correlationsbetweenfbedingoneachfoodcategoryandtimespentinactive

wereverysimilartothosewithtimespentmoving(fbedingonf止uits,r=0.28;seeds,

r=0.37;NS;insects,r=0.69,p<0.001;fungi,r=0.47,p<0.05;matureleaves,r=-0.30;

youngleaves,rニ0.22;flowers,r=-0.42;NS;fhllenseedsr=-0.69,p<0.001).T㎞smay

bebecauseinactivetimewaspositivelycorrelatedwithmovingtime(rニ0。54,p<0.Ol).

Totaltimespentinactive,timespentinacdvebehaviors(feedingplusmovingtime)

andtimespentsocialgroomingwerecorrelatedonlyweaklywith長}edingoneachfbod

category(totalinactive,correlationcoefficientsrangedffom-0.14toO.19;active

behaviors,ffom-0.18toO.29;socialgrooming,丘om-0.29toO.40;NS).

Availabilityoffbodtrees

Crownareasof4fbodtreesormoreweremeasuredfor28foods.The28

foods(22species)accountedfbr52%offeedingtimeandmorethan70%offbeding

timeonidentifiedgreenplant-foodexcludingfallenseedsonaverageover22half-

months.MeancrownareasoffoodtreesofeachitemareshowninTable2.3.

Themeancrownareaoffoodtreespecies,suchas5y即10co∫8'伽cα,

01「60cη'4εP84κ ηc那'α∫o,F'cκ58r6c'o,Tlr8㎜or'6η ∫o〃∫,・F5μ ρ81rわo/01フoη ∫αz,tended

tobeequalorsmallerfbrleaf-fbodtreesthanfbrffuit-foodtreesofthesamespecies

(Table2.3),althoughthediffbrencewassignificantonlyforF蜘5θr6αo(Mann-

WhitneyUtest,p<0.Ol,nl=20,n2=8).Thistendencymayrenectthefactthatleaves

canbeobtainedffomtreesofanysize,whereasffuitscanbeobtainedonlyf士om

mature㎞ees.

Thedensityoffbodtreesintherangeofthestudygroupwasinvestigated

(Table2.3).Thedensityofpotentialfoodtreesforeachfoodspecieswastakentobe
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thedensityoftreeswithacrownarealargerthanthemean.Foodtreedensitiesvaried

greadyacrossfoods.Meandensityofseed-foodtreeswas2.7perha(n=5),thatof

廿uit-fbodtreeswas3.6(n=10),andthatofmatureleaf-foodtreeswas5,7(n=10),

althoughthedif琵rencesbetweenthemwerenotsigni行cant(Mann-WhitneyU-test,p>

0.05).However,theperiodofavailabilityformatureleaf-fbodstendedtobelonger

thanthatfbrfmit-orseed-foods(matureIeaf-seed,p<0.005,n1=10,n2=5;mature

leaf一 丘uitp<0.005,nl=n2=10;Table2.3).Therefore,ingeneral,thedensityoftrees

withavailablefbodwouldbegreaterfbrmatureleaf-foodsthanforfnlit-fbodsorfor

seed-fbodsatcertaintimesofyearinthisforest.

2.5DISCUSSION

Corre且ationbetweenactMtybudgetanddiet

Twotypesofcorrelationbetweenfoodcategoryandactivitybudgetwere

foundinYakushimamacaques。Timespentfbedingonffuits,seeds,insectsandfungi

inthedietshowedhighlypositivecorrelationswithtimespentmovingandnegative

correlationswithfbedingtime(Fig.2.2).Densitiesofpotentialffuit-foodtreesand

seed-fbodtreeswerelowerinthefbrest(Table2.3),sothemonkeyshadtospendmore

timemovingtosearchforthem.Insectsmaybescarceandevenlydistributed

comparedtoplantfbod,andbefoundandfbduponopportunisticallybythemonkeys.

Itcouldbethatwhentheywerelookingforffuitsorseeds,butcouldfindnone,they

免doninsectsalongtheway.Inthiscase,itisobviousthatfbedingoninsectswould

bepositivelycorrelatedwithtimespentmoving,asthiswouldleadtoincreased

opportunitiestofindthesefbods.FeedingonfUngishowedaverysimilartrendsto

飴edingoninsectsinrelationtofbedingtimeandmovingtime.Thedistributionof

fungimaybesimilartothatofinsectsinthefbrest.

Bycontrast,timespentfeedingonmatureleaves,flowers,fallenseedsand
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youngleaveswasinverselycorrelatedwithtimespent飴edingandmoving.Whenthe

monkeysfeedonthesefoods,theymayhavetospendmoretimeforagingwithout

moving.Whenthemonkeysateleaves,theyhadtoeatforalongtimetogetenough

energy,andspentlittletimemoving,sinceleavestendtocontainmorefiberandless

energythantheothercategories(lwamoto,1982;ChapmanandChapman,1990)。The

mainflowerspecieseatenbymonkeyswasO.ρ θ4朋cμ 」α'α,whoseinflorescenceis

ve理small(about3㎜).Processingt㎞s鉛odwasthereforetime-consuming.F烈len

seedsaccountedforaveryhighproportionoffbedingtimeinlatewinter.Inthis

period,monkeyshadtosearchintensivelyfbrtheseedsof五.6ぬ 〃3,astheywere

dispersedandhiddenintheleaflitteronthefbrestfloor.

Timespentf6edingandmovinghavebeenconsideredtobeinfluencedby

nutrientcontent,spatialdistribution(Oates,1987)andtheneedformanipulationofthe

fooditem(Clutton-BrockandHarvey,1977).Thefindingsofthepresentstudyalso

indicatedthatfbragingonfoodswhichhavealowenergycontentwithdense

distribution(matureleaves),orwhichneedmuchmanipulationtobeprocessed

(flowersandfallenseeds)increasesfbedingtime,whilefoodsfbrwhichmonkeysmust

searchintensivelyintheforest(ffuits,seeds,insectsandfungi)leadtolongermoving

time.

Thepositivecorrelationbetweentimespentfbedingonleavesandtotal

免edingtimeappearstoconflictwiththefindingsofClutton-BrockandHarvey(1977)

Usingdataffomstudiesofseveralprlmatespecies,theyfoundaweaknegative

correlation(p<0.1)betweentimespentfeedingonmatureleavesandtotalfeeding

time.Theyconcludedthatthiswasbecausefoliageismoreabundantandrequiresless

timefbrmanipulationthanotherfbods.Thismaybebecausetheyincludedintheir

analysissomespecializedleaf」eaters,suchasColobinaespecies,whichhavethe

abilitytodigesthighlyfibrousfoods(Sakaguchi,6∫ α1.,1991).Thesemonkeysmaybe

abletoobtaintheirnutrientrequh●ementsffomasmalleramountoffibrousfoods,
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glvlngashorterfbedingtime,thanothermonkeys.However,forindividualspecies

digestionratetendstodecreaseasfibercontentoffbodincreases(Miltonand

De㎜ent,1988;Iwamoto,1988,S泳aguchi8'α1.,1991) .Therefore,mo醸eysshould

spendmoretimefbedingonleavesthanonotherfoods .

ForagingstrategiesofYakushimamacaαues

SeasonalchangeswerefbundintheactivitybudgetofYakushimamacaques.

Howevervariationsinactivitybudgetwithinthesamemonthwerealsolarge(Fig.

2.1).Monkeystendedtospendlongermovinginthesummerand色edinginthe

winter.Whiletimespent色edingandtimespentmovingbothhadquitehigh

coefficientsofvariation,timespentinactivebehaviors(i.e.thesumofthetwo)was

relativelystable(Table2.1).Thissuggeststhatmonkeysareabletosearchandfbed

fbronlyabout7hoursaday.Thismayreflectsomekindofphysiologicallimitation,

suchastimerequiredfordigestion,ortheneedtorelievefatigue.Therefore,the

allocationoflimitedforagingtimeintofbedingtimeandmovingtimeinadayshould

beacriticalfactorinthemonkeyslforagingstrategy.Inactivityinadaytimewas

positivelycorrelatedwithtimespentmoving.Thissuggeststhatwhenmonkeysmove

forlonger,theymustalsorestfbrlongerinadaytime,

Monkeysadaptedmovingtimetodistribunonpattemoftheirfoods(Fig.2.2

andTable2.3).Whenthey免donleaveswhichdenselydistributedintheforest,they

movedless.Ontheotherhand,whentheyfbdonffuitsorseedswhichdistributed

dispersedly,theymovedlonger.Thehighercostoflongmovingtimecouldbe

compensatedfbrbythehighenergycontentsoftheffuitsandseeds(Watanukiand

Nakayama,1993).

Harrison(1985)examinedfbragingstrategiesofgreenmonkeys

(C6rcρ ρ"ぬ6c配 ∫5αわα6膨5)inteIrmsofenergeticcostsandbenefitsofforagingbehavior.

Hetookday-rangelengthtorepresenttheenergeticcostofsearchingfbrfood,and

27



tlmespentfbedingonfruitandflowers,whichcontainmorereadily-availableenergy

thanotherfbods(Harrison,1984),asbenefit.Inthispaper,Iexaminedthefbraging

strategyofYakushimamacaquesregardingfbedingonfruits,whichhavemoreenergy

thanmatureleavesandmayrequirelessmanipulationthanflowersandf副1enseeds,as

benefit,andmovingtimeascost(AgetsumaandNoma,inpress).Then,thepositive

correlationbetweenffuit-fbedingandmovingtime(Fig.2.2)suggestedthat,when

Yakushimamacaquesgothighqualityfoods,theyspentmoretimemoving(i.e.high-

costhigh-yield;Hanisonl985),whereaswhentheywereeatinglowerqualityfbods,

theyeconomizedonthecostsofmoving(i.e.low-costlowyield).

Strategiessirnilartothatfoundinthepresentstudyhavebeenreportedasa

'蟹high -costhigh-yield"strategyand"low-costlow-yield"strategyinC .∫ αわα8μ ∫

(Ha㎡son,1985),a"loss-cuttingpolicy"in」 配yloわ α'8∫ ∫yη4αcζy1梶5andH.1αr

(Raemaekers,1980),a"highcostlhighreward"strategyinα 伽 ∫spp.(Terborgh,

1983ascitedbyBrownandZunino,1990)and,"low-costlow-benefit,'strategyinルf.

ブ ル5co'αincoldtemperatedeciduousfbrests(Nakagawa,1989).Thus,"balancing'"

thecostsoffbragingwiththebenefitsofenergygainsseemstobeacommonstrategy

employedbyprimates.

However,Raemaekers(1980)andHarrison(1985)pointedoutthatsome

primatespecies,suchasbaboons(e.q.AItmannandAltmann,1970;OliverandLee,

1978)andvervetmonkeysinKenya(WranghamandWatennan,1981),mayemploy

theoppositestrategy,althoughanegativecorrelationbetweentimespentfbedingon

丘uitsandmovingtimewasnottestedfbr.Whichforagingstrategyapdmateuseswill

dependonav面e域ofねctors,bothenv廿o㎜enml,suchasfoodquality,availability,

anddistribution,andphysiological,suchasrateofmetabolism,digestiveability,and

toleranceofstarvation.Inordertodeterminethegeneralprinciplesgovemingprimate

foragingstrategiesitisnecessarytotakeallofthesefactorsintoaccount・
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Chapter3

Rapidshif1ingoffbragingpatternbyYakushimamacaquesasareactionto

heavyfruitingof物r加7κ 伽
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3.11NTRODUCT10N

Animalschangetheirfbedingandrangingbehaviorsdependingonfbod

conditionsintheirhabitat(Oates,1987).Foragingpattemsinsomeprimatespecies

havebeenregardedasstrategiesthatleadtoefficientnutritionalintakeinresponseto

vahationintheavailabilityofdifferentfoodresources(Harrison ,1984,1985;

Nakagawa,1989b;Watts,1991).Ithasbeenrepo質edthataspectsofforaging

behavior,includingfoodchoice,activitybudget,仕aveldistanceandrange-useof

manyspeciesofprimatesareaf飴ctedbyfbodavailability,qualityandspatial

distdbution(Clutton-Brock,1975;Raemaekers,1980;McKeyandWate㎜an,1982;

Harrison,1983,1984,1985;Estrada,1984;Vedder,1984;Sugar(巧itoθ'01.,1987;

Nakagawa,1989b;BrownandZunino,1990;ChapmanandFedigan,1990;Lucasand

Corlett,1991;Stanford,1991).Moststudieshave負)cusedonmonthlyvariationin

foragingpatterns.However,Harrison(1985)suggestedthatgreenmonkeysmay

changetheirpattemsofforagingwithinmuchshorterperiodsinrelationtochangesin

therelativecostsandbenefitsofforagingondifferentfbods.Iffoodconditionsina

habitatvarygreatlywithinshortperiods,animalsshouldchangetheirfbragingpattems

accordinglytomaximizef6ragingefficiency.Torevealsuchacloserelationship

betweenvariabilityoffbodsandfbragingpattem,shorttennstudiesareneeded.

Thispaperreportsshortte㎜shiftsinthefbragingpatternsofwild,free-

rangingYakushimamacaques(ノ 吻cαco加cα 鰐 αん〃のinawa㎜ 一temperateforest

Theseshi食sarediscussedinrelationtochangesintheavailabilityofル 乏ソr'cor〃 わアo

丘uit,whichwasthemacaques'mainfoodsourceduringthestudyperiod.

3.2STm)YAREAANDSUBJECTS

ThestudywascarriedoutontheislandofYakushima(30。N,131。E),inthe

southwestofJapan.ThestudyareaislocatedatthefootofMt.Kuniwaridake(alt.
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1323m),inthewesternpartoftheisland,betweenOand250mabovesealevel.The

annualmeantemperatureis21。Candthemeanannualrainfallisabout2600mm.

Thisareaiscoveredwi血wa㎜ 一temperatebroad-leave曲rest.Thecanopylayer

consistsofspeciesmainlybelongingtoFagaceae,Lauraceae,Myrsinaceaeand

Theaceae,butthereisnopredominanttreespeciesintheforest(Tagawa,1980).The

treesrarelyexceed20minheight,becauseoftheffequentoccurrenceofstrongwinds

andtyphoons.Thestudyareacontainsvarioustypesofvegetation:primaryfbrest,

mixedprimaryandsecondaryforest,patchesofearlysuccessionaldeciduoustrees

alongtheroad,andcoastalvegetation.

YakushimamacaquesareoneoftwosubspeciesofJapanesemacaques

(ノ吻cαco加cα'α)andarefoundonlyonYakushima.Theyf6edmainlyonffuits,

seeds,leaves,flowersandinsects(Maruhashi,1980).Thecompositionoftheirdiet

variesseasonally,andisespeciallyvariableffomDecembertoJune(Hilll991a).

3.3METHODS

Availabilityof1吻r此 αfruit

ルかr∫cαrκ わ70丘uitwasthemostimportantfoodduringthestudyperiod。The

cropsizesofsevenindividualtreesinthestudyareawereestimatedfburtimesffom

May9-17,May22-25,June5-6,andonJune23,1990.

Colorofル1.r膨 加 αfruitchangesffomgreen(unripe),throughorange(semi-

ripe)tored(ripe).Thenumberofeachcoloredfruitwascounteddirectlyonsample

branches.Thecropsizeofeachtreewasestimatedbydividingthenumberofffuits

countedbytheproportionofthewholecrownvolumethatthes㎜plebranches

represented・
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Surveyofvegetation

VegetationofthestudyareawassurveyedffomSeptember,1990toMay ,

1992.Thirtyquadrats,eachofonehectare,weremarkedinthestudyarea.Ineachof

these30quadrats,onetofour5m×50mbelttransectswereestablished.The

followingmethodwasusedtoestimatethecrownareaofalltreesequaltoorgreater

than5cmDBH,whichlayonthetransectbelt.First,alinewasmeasuredwhich

correspondedtothecrownwidthatitsgreatestpoint(A).Thenasecondline(B)

whichwasperpendiculartothefirstwasmeasured.Thecrownareawasexpressedas

theareaofanellipsewithlongaxis(A)andshortaxis(B).Thismethodproducesan

estimateofactualcrownareawhichcanbeusedtocomparediffbrentspeciesatone

location,orasinglespeciesatdifferentlocations.

Estimatedcrownareasweresummedforeachspeciesanddividedbythetotal

transectareatogiveameasureofcrowndensity.Thediversityofspecieswhose

leaveswerefedonbythemonkeysinthestudyperiodwasexpressedbyShannon's

fomula(Pielou,1966),c訓culatedfromtheproportionofcrownareasofeachleaf-

foodspeciestototalcrownareaofleaf-fbodspeciesineachquadrat.

F①ragingbehavior

BehaviorsofasinglehabituatedgroupofYakushimamacaques(Pgroup;Hil1,

1991b)wereobservedfromMaytoJune,1990.Eighteentonineteenmonkeys

belongedtothegroup:5-6adultmゆ1es,5adultfemales,and8immaturesincludingl

infant.

EverylOminutesa5-minutescan(Altmann,1974)wasmadeduringwhich

thebehaviorandlocation(quadratNo.)ofallvisiblemembersofthegroup,excluding

asucklinginfant,wererecorded.Theterm"record"isusedbelowtorefertodatafbr

oneindividualforonescan,Fooditems,i。e.partsandspeciesofwoodyplants,herbs,

ferns,fungi,insectsandotheritemswhichmonkeysfbdon,werealsorecorded.
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Traveldistancesofthegro叩wererecordedonmapsandmeasuredeveryobservation

day.

Dataanalysis

BehavioraldatawereanalyzedineachofthefourlO-dayperiodsbasedonthe

dateofcountingofル1.r〃 加ofruitonsampletrees:May5tol4(Periodl) ,May20to

29(Period2),June5tol4(Period3),June20to29(Period4).Thenumbersofscans

conductedinPeriodl,Pedod2,Period3andPeriod4werel90,160,188and216,

respectively.Themeannumberofanimalsobservedinonescanwas9 .5+/-3.0(s.d.).

Timespentfbedingoneachfboditemwasdeterminedffomthenumberof

recordsoffbedingonthatfooditem,asaproportionofthetotalnumberoffbeding

recordsineachlO-dayperiod.Thediversityoffboditemsinthedietfbreachperiod

wasexpressedbyShannon'sfomlula(Pie亘ou,1966).

Thetimespentineachactivitywascalculatedusingthefollowingmethod.

First,thenumberofmonkeysengagedineachactivityineachscanwascalculatedasa

proportionoftotalnumberofindividualsinthescan.Thiswasdonetoavoidover-

representadonofhighlyvisibleactivitiesduringeachscan(Maruhashi,1981;Harrison,

1985).Foreachscantheproportionofanimalsobservedinaparticularactivitywas

calculated.ForeachlOdayperiod,theseproportionswerethensummedanddivided

bythetotalnumberofscanstogiveanaverageproportionfbrthatactivity.

Themeantravelspeedwascalculated丘omthetotaltraveldistanceofthe

studygroupineachperioddividedbytotalobservationtimefbrthatperiod.

Toexamineintensityofrange-use,thenumberofrecordsofindividuals

observedinaparticularquadratwascalculatedasaproportionofthetotalnumberof

recordsofindividualsforeachperiod,
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3.4RESULTS

Quantityofル 〔y廓 αr配 ゐzαffuit

Figure3.lshowschangesintheestimatednumberoffruitonsevenル1 .砺 加 α

treesthroughoutthestudyperiod.Totalnumbersofthefruitonthetreesbeganto

decreasebetweenlateMayandthebeginningofJune .Therateofdecrease

acceleratedin㎡d-June.

MaturedredfruitofM7梶 加 αwerefoundbeginningMay21stduring

observationsofmonkeysintheforest.However,thebeginningoftheripeningperiod

v諭edovera飴wweeksaccordingtothelocationofthetreesinthe癒restand㎜ong

individualtreesofthesamelocation.Thesemi-ripefruitonthesampletreeswere

foundbeginninginlateMay.Theripeffuitonthetreesshouldincreaseconsiderably

丘omlateMaytothebeginningofJune,

Dietarycomposition

Throughoutthefburperiodsthemonkeyswereobservedfeedingon24

speciesofwoodyplantincludingleavesandbudsoflgspp,丘uitsof7spp,flowers

oflsp,andunidentifiedpartsoflsp.Theyalsoateseveralspeciesofherbs,fbms,

fungi,insectsandotheritems.Compositionofthedietwasexaminedusingfourmain

foodcategodes:ル1.r配 わroffuit,otherfruits,leavesandbuds,andinsects(Fig.3.2).

Therewasasignificantdiffbrenceintheproportionofeachfoodcategoryintheirdiet

betweenthef6urperiods(PearsonChi-square=758,df=9,p<0.001).

FortypercentoffeedinginPeriodlwasonleavesandbudsofl7woody

plantspeciesincludingD4ρ 加 ∫助y〃 配ηπ θ加 〃昭朋 ∫∫,F'c尻56r6c'α,7■r6㎜or∫8η'α1'∫,

Cα 〃∫cαηフospp,andO7ωcη'4εpθ4朔cκ1α'α.However,inthefollowingperiods,1ess

than35%off6edingwasonleavesandbuds.

Thepercentageoffeedingonル1.r尻 わro丘uitincreasedconsiderablyinPedod

2whenthe丘uitbegantoripen.AfterPeriod2,feedingonthefruitdecreased.
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Monkeys免dnotonlyonripenedfruitandsemi-ripenedfruit,butalsoonunripeffuit

tOSOmeeXtent,

Bycontrast,thepercentageoffbedingontheotherfruits,suchasthoseof

Pεr56α'〃 那ηわε㎎ πandF'c㍑5676c'o,decreasedgraduallyinPeriod2,andthen

increasedinthefollowingperiods.

Totaltimespent色edingonffuitswere38.6%inPeriodl,84.7%inPeriod2,

73.8%inPedod3amd56,1%inPedod4.Eachofthetop3ffuit-foodspecies,and

thetop51eaf-foodspeciesexceededl%offbedingtimeonaverageoverthefour

periods.Insect-eatingwasobservedfrequentlyinthelattertwoperiods.Fooditemsin

thedietofPeriodlwerehighlydiversified,However,dietarydiversitydramatically

decreasedinPedod2,andthengraduallyincreased.

ActivitybudgetandMeantravelspeed

Theactivitybudgetwasconsiderablydiffbrentbetweenthefbmlerandthe

lattertwoperiods(Fig.3.3),andadrast重cchangeindietarycompositionoccurred

betweenPeriodlandPeriod2(Fig.3.2).Timespentfbedingintheformertwo

periodswasabouttwicethatofthelattertwoperiods.Timespentmovingwasgreater

inthelattertwoperiods,thoughthedif免rencewasrathersmallincontrasttothatof

timespent色eding.Meantravelspeedincreasedgradu烈lyfromearlyMaytolateJune,

whiledietarycompositionandactivitybudgetchangeddrastically(Fig.3.3).

RangingPatternandveget飢ion

Pgrouprangedoverabout31hectaresdudngthestudyperiod.Foreach

periodmorethan89percentofscanrecordsweref止omquadratsincludedinthe

vegetationsurvey.Rangingpattemsofmonkeyswasconsiderablydifferentbetween

PeriodlandPeriod2(Fig.3.4)correspondingtothechangeofdietarycomposition

(Fig.3.2).
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InPeriodl,monkeysrangedinthenorth-westemandsouth-eastempartsofthestudy

area.InPeriod2,monkeysintensivelyrangedoverthewestempart.Morethan30%

ofrecordswere丘omonlyonequadrat(A4)inthisperiod.InPeriod3andPeriod4,

monkeysrangedmoreevenlyaroundthewestempart,

Coefficientsofvariationofcrowndensityofル1.駕 加o,P'加 η加r8∫ ∫andF.

6rθc∫ αineachquadratwere1.59,1.27andO.69,respectively(n=30).Thus,thetop2

fruit-fbodspecies,otherthanMr配 わrα,weredistributedmoreevenlythanル1.rめrα

(Fig.35aandb).Thecrowndensityofルf.r配 わrαwashighestinthewestempartof

thearea.

Thetop51eaf-foodspeciesweredistributedratherdenselyinthesouthem

partofthearea(Fig.3.5c).However,diversityofallleaf-foodspeciesineach

quadratwashigherinthenorthernpartalongthestreamsandroadwherenaturaland

artificialdisturbancesofvegetationwerelikelytooccur(Fig.35d).

InPeriodl,therewerenosignificantcorrelationsbetweentheuseofeach

quadratandthedensityofル1.r〃 わπz,oftheothertoP2fruit-fbodspecies,orofthetoP

51eaf-foodspeciesineachquadrat(Spearmanrankcorrelationtests,ル1・r配 わrα ・rs=-

0.Ol;otherffuits,rs=0.07;leaves,rs=0。14;N=30;n.s.).However,therewasa

significantpositivecorrelationbetweenuseofquadratsinPeriodlanddiversityof

leaf-foodspecies(totaloflgspp)inthequadrats(rs=0.38,p<0.05).Range-useln

eachofthethreeperiodsfromPeriod2toPeriod4waspositivelycorrelatedwiththe

densityofル1,r砿 わπz(Period2,rs=0.39,P<0.05;Penod3,rs=0・35,P<0・1;Pehod4・

rs=0。49,p<0.01;N=30).Incontrast,therewerenegativecorrelationsbetweentheuse

ofquadratsandthedensityofthetop51eaffbodspeciesinthequadrats丘omPeriod2

toPeriod4(Period2,rs=-0.37,P<0.05;Period3,rs=-0.03;Pedod4,rs=-0・23;n・s・;

N=30).
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3。5DISCUSSION

Thestudygrouprapidlychangedtheirforagingpattemsinrelationtothe

availabilityofル 乏yガcαr配 わπzfruit.Beforethedpeningoftheffuit(Period1),the

monkeysmovedslowlyandspentmuchtimefbedingontheleavesandbudsofmany

species.Inthisperiod,theyrangedmainlyinthosequadratswhichshowedhigher

leaf-fbodspeciesdiversity.WhenM励rαffuitbegantodpen(Pedod2),the

mon】(eysfbdintensivelyonthem,thoughtheiractivitybudgetdidnotchange.They

shiftedtheirrangetothesouthwestempartofthestudyarea,where〃.r〃 加 αtrees

weredenselydistributed.Themonkeyswereabletoobtainmanyffuitswithout

movingfarwhiletheffuitswereabundant.Astotalnumberoftheffuitdecreased

(Period3andPeriod4),themonkeysgraduallyshiftedtoinsectsandotherfruits

whichweredistributedmoreevenly.Theyspentmoretimemoving,movedathigher

speedsandrangedmoreevenly,presumablyinordertofindthesefbods.

Ithasbeensuggestedthatmonkeysdiversifytheirdietinordertoavoidthe

accumulationofsecondarycompounds,and/ortopromoteefficiencyofdigestion

(Hladikα α1.,1971;Coelho8'α1.,1976;Marsh,1981;Estrada,1984;Harrison,1984).

Whenmonkeys免e面equentlyonleaveswhichhavemoreundigestiblefibersand

secondalycompoundsthanotherfbods(McKey,1974;Wate㎜an,1984),itis

expectedthattheywilldiversifytheirdiettoimprovenutritionintakeefficiency.The

foragingpatternfbundinPeriodlsuggeststhatwhentheyfbdonleaves丘equently,

theydiversifiedtheirdietbyranginginareaswheremanyleaf-foodspecieswere

available.

Foragingstrategiesofthemonkeyswereexaminedintermsofthecostsand

bene且tsoffbraging.Thebenefitofforagingshouldbeexpressedastotalnutdtion

intake(lwamoto,1982;Nakagawa,1989a).However,itisdifficulttodetectaccurate

intakemasses,nutritioncontentsanddigestionratesofeachfooditeminthefield.In

thisstudy,thecostswereexpressedasdistancemoved,ortimespentmoving,and
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benefitsintermsoftimespentfbedingonf㎞its,whichgenerallycontainmoreenergy

thanotherfbods,fbllowingHanison(1985)andAgetsuma(inpress).

Befbretheripeningofル1.r㍑ わrαffuits,themonkeysemployedal電low-cost,

low-yield"strategy(Harrison,1985).Whentheffuitsbegantoripentheyshiftedtoa

"low -cost
,high-yield'lstrategy,whichwouldbethemostbeneficial.Asthenumberof

Mrめ πzffuitdecreased,monkeysshiftedtoamorecosdystrategywithminimum

reductionintimespentfbedingonfruits.ThebenefitsinPeriod3andPeriod4were

inte㎜ediatesbetweenthoseinPeriodlandPeriod2.However,thebenefitsinthese

periodsmightnotbecomparablewiththoseintheformertwoperiods,becausethe

飴edingtimewasverydif色rent。

Agetsuma(inpress)reportsthatingeneral,themorefruitsYakushima

macaquesfbrageon,themoretimetheyspendmovingThiswasinterpretedinte㎝s

ofbalancingthecostofmovingagainstthebenefitofahigh-energyfbodresource.

However,inthisstudy,whenルf.rめrαffuitwasabundant(Period2)monkeysfbdon

theffuitintensivelywithoutadistinctincreaseintimespentmovingorintravelspeed

(Fig.3.2andFig.3.3).Thisfbragingpatternwas,therefore,anexceptiontothe

basicpattem.

Onepossibleexplanationforthiswouldbethatthelowenergycontentof

i㎜atureM.蜘 舳tmeant山atthemonkeyshadto免ed鉤ralongdmeinorder

togetenoughenergy.However,itseemsunlikelythatthemonkeyswouldhave

shiftedtheirrangesodrastically,ffomPeriodltoPeriod2,inordertofbedintensively

onalow-energyfood.

Anotherpossiblereasonisthattheabundanceandspatialclumpednessofル1.

rκ加 αfruitmayenablemonkeystofbedonthefruitintensivelywithoutmovingfora

longertime(Iwamoto,1992).Asimilarforagingpattemwasreportedwhen

YakushimamacaquesfedonF∫c房33ゆ6rわ αwhichalsohadabundantffuitatthattime

(Maruhashi,1986).Thus,the"low-cost,㎞gh-yield"strategy,whichseemstobethe
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mostbeneficial,maybepossibleonlyduringperiodswhenthefruitofcertainspecies

areavailableinabundance.

Ithasbeenreportedthatsomeprimatespeciesshifttheirforagingpattems

(dietandrange)tofbedintensivelyononepref6rredfooditemwhichisavailablefor

onlyafewmonths(Vedder,1984;LucasandCorlett,1991).Inthisstudy,monkeys

showedadrasticshiftofdiet,rangeandactivitybudgetinaveryshortperiod.The

abilitytoshiftfbragingpattems,especiallytoa"low-cost,high-yield"strategy,maybe

aneffectivemeansofmaximizingfeedingefficiencyunderhighlyvariablefbod

conditions.

Oneofthereasonswhysucharapidanddrasticshiftofforagingpattemwas

foundinYakushimamacaquesmaybestrongintra-specificfbedingcompetition.

Therearenoarbore撮mammalian丘ugivoresotherthanmonkeysinthisfbrest.Ahigh

densityofmonkeys(Takasaki,1981)withextremerangeoverlapbetweenmonkey

groups(HillandAgetsuma,inpress)willincreasethevariabilityinfbodconditions.

MostofthedecreaseinM7μ わrαffuitwasduetothe免edingofthemonkeysduring

thestudyperiod.Severalffugivorousbirds,suchas理yp5「 ψ α6∫oη20〃ro"5and

5ρ舵 η麗rα∫ノ∂〃ηo∫06(Eguchiε'α'.,1989),alsofbdonthe丘uit.Plantspecieswhich

haveaclumpeddistribution,andwhichbearabundantfruitfbrshortperiodsarelikely

toattractothergroupsofmonkeysandffugivorousbirds.Infact,HillandAgetsuma

(inpress)reportedthatwhenYakushimamacaquesfbdonル1.r〃 か αfruit,inter-group

encountersoccurredf士equentlyintheplacewhereル1.rめrαwasdenselydistributed.

Tomakethemostoftheseresourcesthemonkeysmustbeabletochangetheir

foragingpattemsassoonastheffuitbecomesavailable.

ThisabilityofYakushimamacaquestoeffectrapidshiftsinfbragingpattems

maybeenhancedbythesmallsizeoftheirrangingareas.Yakushimamacaquesrange

oversmallerareasthandootherpopulationsofJapanesemacaques(Takasaki,1981),

ormanyotherspeciesofAnthropoidea(MiltonandMay,1976).Thismayallowthem
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tomonitorchangesintheavailabilityofvariousfoodsmorecloselythanwouldbe

possibleoveralargerarea,andtochangetheirforagingPatternsaccordingly.

FurtherstudiesofotherpopulationsofJapanesemacaquesandotherprimate

speciesareneededtobecertainoftherelationshipbetweenshiftsinforagingpattems,

andthevariabilityoffbodconditionsandthesizeoftherangingarea.
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ForagingsynchronyinagroupofYakushimamacaques
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4.11NTRODUCTION

Individualsofmanyprimatespeciesforagetogetheringroups.Groupswith

stablemembershipmusthavefbragingpattemswhichenableallmemberstogettheir

nutritionalrequirements.Ifthiswerenotthecase,thenindividualswhocouldnotget

enoughbodwouldhavetoleavethegroup(Ku㎜er,1971;Chapman,1990)ordie.

Thissuggeststhatthefbragingpattemsofindividualswithinagroupmustallowfbr

thefbragingefficiencyofothermemberstosomeextent.Inthissensetheforaging

patternofthegroupasawholeshouldmaximizethemeanandminimizethevariance

offbodintakeamonggroupmembers.

Previousstudieshaveshownthatnotallmembersofafbedinggroupoptimize

theirfbragingefficiencysimplyinrelationtotheavailabilityoffbodresources

(MaruhashiandYumoto,1990;Nakagawa,1990;Grether,6'α1.,1992),Maruhashi

andYumoto(1990)showedthatoneYakushimamacaque(ルfαcocoル ∫co∫oyα ん〃∫)ina

group仕avelsaboutl㎞aday,㎝dencountersabout33飴odpatches.However,the

monkeyactuallyfbragesinonlyabout100fthesepatches,andsowouldnotneedto

仕avel1㎞brhisown鉛ragingneeds訓one。Nakagawa(1990)andGrether,6'α1.

(1992)studiedfbodpatchusebyルf.プ レ5cα∫αル5αz如andHyloわo'6∫species,

respectively.Neitherstudyfbundevidencethatindividualmonkeysinagroup

optimizetheirownfbragingefficiencyinafbodpatch.Thismayberegardedasone

ofthecostsofgroup-living.Suchcostsmaybeoffsetbybenefitsofgroup-living,such

asdefensef士ompredators,abilitytocompetewithothergroupsofconspecificsfbr

food,andgreateraccesstopotentialmates(e.g.Dunbar,1988;Fleagle,1988)。

Inordertofbrageefficiently,themembersofafbedinggroupshoulda(加st

theirbehaviorinrelationtoboththeactivitiesotherindividualsandtheavailabilityof

foodresources(Ku㎜er,1971)。Avoidingsync㎞onyin飴ragingactivitymaybeone

waytominimizeintra-groupfbedingcompetition(Ha㎡son,1985)。However,

synchronyoffbedingbehavioramongindividualsinagroupiscommonlyfoundin
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primates(e.g.Chivers,6'α1。,1975;Kavanagh,1978;Harrison,1985).Approximate

synchronyofbehaviorsisneededtogathermembersofagroupinspace(Kavanagh,

1978)、Moreover,whenthegroupencountersaparticularhighqualityfoodwhichis

limitedintimeorspace,individualswouldbeexpectedtosynchronizetheirfbeding

behavior(Kavanagh,1978;Harrison,1985).Individualswhichdonotjoininwill

misstheoppo血1nitytousetheresourcebeforethegroupmoveson,orbeforethe

resourceiscompletelyconsumedbyothergroupmembers.

Thedegreeanddurationofsynchronyofactivityistherefbreavery

significantaspectofgroup-livinginprimates.Thispaperexaminessynchronyof

activityinawildgroupofYakushimamacaques(ノ 吻coco加co'oyα ん碗).Firstly,the

degreeanddurationofsynchronyareconsideredinrelationtogroupsizeanddiet.

Then,therelationbetweenthedurationoftheactivephase,whenmostmembersofthe

groupare色edingandmoving,andresourceuseisdiscussed.

4.2STUDYAREAANDSUBJECTS

ThestudywascarriedoutonthenorthwestcoastofYakushimaisland(30"N,

131。E)inJapan.ThestudysiteisinpartoftheareadesignatedasNaturalWorld

Heritage,andiscoveredbyprimaryandsecondarywaml-temperatebroad-leaved

fbrest.ThecanopylayerconsistsofspeciesbelongingmainlytotheFagaceae,

LauraceaeandMyrsinaceae,butthereisnopredominantplantspeciesintheforest

(Tagawa,1980).Annualrainfallisabout2600mmandmeantemperatureis21.C.

YakushimamacaquesareoneoftwosubspeciesofJapanesemacaque(ル1.

ノ擁∫co孟α)andarefbundonlyonYakushimaisland.Theyfbedmainlyonfruits,flowers,

leavesandinsects(Maruhashi,1980).Thecompositionoftheirdietvariesseasonally

(Hil1,1991a),andtheiractivitybudgetalsovariesgreatlywiththeirdiet(Agetsuma,in

press).
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4.3METHODS

Observationofmonkeys

BehaviorsofYakushimamacaquesinawell-habituatedgroup(PGroup:Hill,

1991b)wereobsenledinte㎜ittently丘omFebruaryl990toMarchl991(Pedod1)

andSeptemberl991toAprill992(Period2;Tablel),Groupsizevariedffoml5to

lganimals(largegroup)inPeriodl,andffom5to8(smallgroup)inPeriod2,asa

resultofbirths,deathsandmigrationbymales.

Thestudygrouprangedoverabout30hectares(HillandAgetsuma,inpress).

Ninetyeightquadratsofl14haweremarkedoutoverabout25haoftherange.Every

lOminutesa5-minutescan(Altmann,1974)wasmadeduringwhichthebehaviorand

location(quadratnumber)ofallvisiblemembersofthegroup,excludingsuckling

infants,wererecorded(AgetsumaandNoma,inpress)。Fooditems,i.e.speciesand

partsofwoodyplants,herbs,fUngi,insectsandotheritemswhichthemonkeys飴don,

werealsorecorded.Treeswhichthemonkeysfbdfromduringscansweremarked,as

faraspossible.Thelargestdistancebetweenvisiblemonkeys(LD)wasestimatedin

eachscan.

Dataanalysis

Behaviorswereclassifiedintofeeding,moving,resting,socialgrooming,self-

grooming,andotheractivities.Themonkeysrarelywalkedforlongtimewithout

engaginginsomeotheractivity,suchasfbedingorsearchingfbrfood.Feedingand

movingwereregardedasactivebehaviorswhileresting,socialgroomingandself-

groomingwereregardedasinactivebehaviors(Harcourt,1986).Agetsuma(inpress)

showedthatfbedingtimeandmovingtimevarygreatlyinrelationtodiet,however,

thesumofthetwo,i.e.activebehaviors,remainsrelativelyconstant.Theiガfbraging
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efforts'canthere£orebemeasuredbythesumof飴edingandmovingtimeforthis

analysis。

Theanalysiscomparesdataffoml4half-monthsinthetwoperiods(Table

4.1).Thetimespentineachactivitywascalculatedusingthe負)110wingmethod.Only

scansinwhichonethirdofthegroupmembersormorewereobservedwereused.For

eachscan,thenumberofmonkeysengagedineachactivitywascalculatedasa

propordonofthetotalnumberofindividualsinthescan(Maruhashi,1981;Harrison,

1985;AgetsumaandNoma,inpress).Foreachh烈f-month,theseproportionswere

thensu㎜edanddividedbythetot訓numberofscanstogive㎝averagepropo面on

fbrthatactivity.Individualsinagrouptendtosynchronizetheiracdvity(Chivers8'

α1.,1975;Kavanagh,1978;Harrison,1985).Timeswhenmostindividualsarefbeding

andmovingcanberegardedasthe"activephase量'ofthegroup.Inthisstudy,the

activephasewasdefinedasanytimewhentheproportionofactivebehaviorsinthe

scanswasmorethanthemeanproportionofactivebehaviorsinthehalf-month.Times

whentheproportionofactivebehaviorsinthescanswaslessthanthemeanwere

definedasthenon-activephase.Fooditemsfedonbythemonkeyswereclassified

into5categories:1)Fruits(includingseeds)whichweretakenffomthetrees;2)

Leavesincludingshoots;3)Flowersincludingnectar;4)Fallenseedsincludingdry

fruitsintheleaflitteronthefbrestfloor;5)Insectsandotheranimalmatter.

Timespent色edingoneachfoodcategoryineachphaseandineachhalf-

monthwasdeterminedasaproportionofthetotalnumberoffbedingrecordsf6reach

phaseandeachhalf-month,respectively,

4.4RESULTS

TimespentfeedingoneachfoodcategoryYakushimamacaquesfedmainly

onffuits,leaves,flowers,fallenseedsandinsects(Table4.1).Monkeys免donffuits
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formorethan57%,andleavesforlessthan7%,offbedingtimeinLMAY ,EJUN,

LJUNandEAUGofPeriod1,andinLSEP,ENOVandEDECofPeriod2 .These

half-monthsarethereforerefbrredtoasthefruit-eatingseason,Ontheotherhand ,

monkeysfbdonfruitsfbrlessthan41%offbedingtimeinLFEBl,EMAR ,EMAY,

LDECandLFEB20fPeriodl,andLJANandLAPRofPeriod2.Ineachofthese

half-months,monkeysfbdonleavesformorethan22%offbedingtime,andtheyare

collectivelyrefbrredtoasthenon-fhlit-eatingseasoninthisstudy.

DegreeofSynchrony

ThemeannumberofanimalsobservedinonescanwasaboutlO(range9.2-

10.5)inPeriodland5(4.2-5.5)inPeriod2,TheactivitybudgetofYakushima

macaquesineachseasonisshowninTable4.2。Timespentinactivebehaviorsranged

from45to75%Figure4.1showstheproportionofscansinwhichdif飴rent

percentagesofthemonkeysobservedwereengagedinactivebehaviorsineachhalf-

month.Ifthemonkeyscompletelysynchronizedtheiractivity,thenalldatawouldfall

inthecategoriesO-20and81-100%.Ontheotherhand,ifthemonkeysbehaved

randomly,thehistogramwouldshowabinomial(no㎜al)distributionwiththevalue

ofactivebehaviors(Table4.2)asthemean.InthehistogramsfbrPeriod2,the

丘equencyofcategoriesO-20,61-80and81-100%werehigh(lowerpartofFig.4.1)。

Expectedvaluesofthebinomialdistributioncanbecalculatedbysupposingthatthe

numberofmonkeysobservedis10fbrPeriodl,and5forPeriod2,withthemeanof

activebehaviorsineachhalf-month。Then,inthecategoriesO-20and81-100%for訓l

half-month,observedvaluesweregreaterthanexpectedvalues(forbothcategory:

Signtest,p<0.01,14pairs).Forallh説monthdataofeachscanwere仕ansfo㎜edto

Zscores(Zar,1984)fbrstandardizingdiffbrencesofthemeanandvariancebetween

half-months.Ifthemonkeysbehavedrandomly,Ztransformedscoreswouldbe

expectedtoshownom組dis励ution.Then,thenormalityof血edisthbutionineach
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histogramwastestedusingaKolmogorov-Smirnovtest.For70utofghalf-monthsin

Periodl,andforallhalfmonthsinPeriod2,thereweresignificantdiffbrencesfroma

normaldistribution(Table4.2).Theseresultsmeanthatmonkeysdidnotbehave

randomlybuttendedtosynchronizetheiractivitytosomeextent.

Todetectthedegreeofthesynchrony,coefficientofvadation(CV)of

percentagesofthemonkeysengagedinactivebehaviorsineachscanwereexamined

ineachhalf-month(Table4.2).HighervaluesoftheCVindicategreatersynchronyof

acdvity.TheCVinPeriod2tendedtobehigherthanPeriodl(Mann-WhitneyUtest,

p<0.02,nl=9,n2=5).Indicatingthatwhenthegroupwassmallthemonkeys

synchronizedtheiractivitymorecloselythanwhenitwaslarge.However,therewas

nosignificantdiffbrencebetweentheffuit-eatingandnon-ffuit-eatingseasons(p>

0.05,nl=n2=7,NS).

Temporalspacingpattemandnumberoffooditems

Thelargestdistance(LD)betweenvisiblemonkeysineachscanisshownin

Table4.3.DatafbrPeriod1,excludingLDECandLAUG,weretoofbwtoanalyze.

LDduringtheactivephasestendedtobegreaterthanduringthenon-activephases

(Wilcoxonsignedrankstest,p<0.02,n1=7,n2ニ7).

LDofPeriodltendedtobegreaterthanthatofPedod2(Mann-WhitneyU

test,p=0,053,n1=2,n2=5).However,LDduringtheffuit-eatingseasonswasnot

alwaysgreaterthanthatofnon-fruitseason.

Themeannumberoffooditemsineachactivescan(Table4.3)washigherin

thenon-fhlit-eadngseasonthaninthef加it-eatingseason(P<0.005,n1=n2=7),

althoughtherewasnosignificantdi価erencebetweenPeriodlandPeriod2(p>0.05,

nl=9,n2=5,NS).

Thedurationoftheactivephase
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Foreachhalf-monththeproportionofallactivescans,andofallinactive

scans,whichwerepartofacontinuousphaseof40minutes(i.e.4consecutivescans)

orlongerwascalculated(Table4.4).Phaseswhichwerelessthan3scansandwhich

includedthefirstorlastscanofobservationswereomittedfromtheanalysis.The

proportionofactivescanswhichwerepartofacontinuousphasewasgreaterinthe

non一 丘uit-eatingseasonthaninthefruit-eatingseason(Mann-WhitneyUtest,p<0.005,

nlニn2ニ7).Therewasnosignificantdifferencebetweentheproportionoftheactive

scansthatwerecontinuousinPeriodlandinPeriod2(p>0.05,nl=9,n2=5,NS).

Therewasnosignificantdifferenceintheproportionofcontinuousnon-active

phasesbetweennon-fruit-eatingandf加it-eatingseasons(p>0.05,nl=n2=7,NS),or

betweenPeriodsland2(P>0.05,nl=9,n2=5,NS).

Thedurationoftheactivephaseandrangedarea

Figure4.2ashowstherelationbetweenthedurationoftheactivephaseand

therange(numberofquadrats)usedduringthatphase.Therewerehighlysignificant

positivecorrelationsbetweenthedurationofthephaseandrangeareainthetwo

periods,irrespectiveoftheseason(Pedodl,yニ059x+1.1,r=0・74,n=185,P<

0.001;Period2,y=0.18x+1.5,r=0.47,n=71,P<0.001;theseregressionlinesarenot

showninFig.4.2a).However,theinclinationoftheregressionlinefbrPeriodlwas

morethan3timesgreaterthanthatfbrPeriod2(t=-29,p<0.Ol,b=252),

Therewerealsopositivecorrelationsbetweenthedurationoftheactivephase

inboththef㎞it-eatingandnon-ffuit-eatingseasons,andrangearea(Pehod1,丘uit。

eatingseason,y=0。83x+0.60,r=0.84,n=ll9,P<0.001,non-fruit-eatingseason,

y=0.34+1.57,rニ0.68,nニ66,P<0.001;Pedod2,f㎞it-eatingseason,y=0。20x+1・6,r

=0.49,nニ40,P<0.Ol,non一 丘uit-eatingseason,y=0.18x+1.4,r=0.48,nニ31,P<

0.Ol;Fig.4.2a).InPedodltheinclinationoftheregressionlinefortheffuit-eating

seasonwas2.5timesgreaterthanthatfbrthenon-ffuit-eatingseason(t=6.8,p<0.Ol,
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b=181),althoughinPeriod2theinclinationsfortheffuit-andnon-fhlit-eatingseasons

werealmostthesame(t=0.12,NS,b=67).

Thedurationoftheactivephaseandfoodtrees

Correlationbetweenthedurationoftheactivephaseandthenumberoffood

treesusedduringtheactivephasewastestedfor(Fig.4.2b).Therewasasignificant

positivecorrelationbetweenthedurationoftheactivephaseandthenumberoffood

treesusedinbothperiods,irrespectiveoftheseason(Periodl,y=0.67x+0.60,r=0,65,

n=244,P<0.001;Pedod2,y=0.57x+0.64,r=0.74,n=82,P<0.001;These

regressionlinesarenotshowninFig.4.2b).Therewasnogreatdif艶renceinthe

inclinationoftheregressionlinesbetweendurationofactivephaseandfoodtreesin

eitherperiod(tニ0.86,NS,D=322).

Theinclinationoftheregressionlinefbrthenon-f㎞it-eatingseason

(y=0.72x+0.93,r=0.64,p<0.001,n=125)wasl.5timeslargerthanthatfbrthefruit-

ea廿ngseason(y=0.50x+0.56,r=0.68,P<0.001,n=ll9)forPedod1(t=1.9,P<0。05,

u=240).However,theregressionlinesfbrthef㎞it-eatingseason(y=0.56x+052,

r=0.72,P<0.001,n=51)andnon-fruit-eatingseason(y=0.56x+0.94,r=0.74,P<0。001,

n=31)fbrPeriod2werealmostthesame(t=0.05,NS,b=78).

Fooditemsinthen①n-activephase

Thepercentageofallfbedingrecordsineachfoodcategorydunngtheactive

phaseandnon-activephaseareshowninTable45.Asignificantdiffbrenceinthe

percentageoffruit,andnon-ffuitfbodswasfoundbetweentheactivephaseandthe

non-activephasein80fthel4half-months.Timespentf6edingonthetopfood

categoryoftheseasondecreasedinthenon-activephaseinlOoutofl4hal仁months.

Inthenon-fnlit-eatingseasons,timespentfbedingonleaves(60utof7non-ffuit-

eatinghalf」months)andthatonfallenseeds(40utof7)tendedtodecrease,whiletime

49



spentfbedingonfhlitstendedtoincreaseduringthenon-activephase(50utof7) .On

theotherhand,inffuit-eatingseasons,feedingonfhlitstendedtodecreaseinthenon-

activephase(50utof7fruit-eatingh訓f-months).Inlloutofl4half-months ,insect-

eatingincreasedinthenon-activephase.

4.5DISCUSSION

Degreeofforagingsynchmny

Thecurrentdatashowthatbehaviorsofindividualswerelesssynchronized

whenthegroupwaslarge(15-19individuals)thanwhenitwassmall(5-8individuals).

Areductioninthesynchronyofbehaviorinordertominimizefoodcompetition

amonggroupmembers(Hanison,1985)mightbeexpectedinalargergroup.

Monkeysinalargegroupwouldhaveto負ndmorefbodpatches,andreduce

competitionoverfbod,inordertogetsufficient.Therefore,fbragingpattemswere

stronglyinfluencedbythedistributionoffoodsandsynchronyofbehaviorwaslow

whenthegroupwaslarge.Fnlit-fbodtreestendtobedistributedmoresparselythan

otherfbodtrees(Agetsuma,inpress).So,whenthegroupwaslargeitrangedovera

widerarea,butcouldfbedonlessfbodtreesinthef止uit-eatingthannon-ftuit-eating

seasonsintheactivephase(Fig.4.2),Bycontrast,whenthegroupwassmaller,there

wasamuchlessclearrelationshipbetweenfbodtype,rangeareaandthenumberof

foodtreesused.Moreover,mostofthemembersinasmallgroupcouldfbedononlya

飴wfbodpatchessimultaneously.

However,ifintra-groupcompetitionismoreapparentwhenmonkeysfbedon

foodswhichcontainhigherenergy,andwhicharepatchilydistributed(Jansonand

VanScha皿(,1988,Nakagawa,1994),thenthedegreeofsynchronyofbehaviorshould

belower,andLDshouldbegreaterinthefruit-eatingseason,inordertoreducefbod

competition.Infact,neitherthedegreeofsynchronynorthelargestdistancebetween
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visiblemonkeysinascan(LD)wereaffectedbyfoodtype(Table4 .2andTable4.3).

Maruhashi(1986)showedthatthelengthofafbedingboutforaYakushimamacaque

wasalmostthesameinaffuit-fbodpatchasinaleaf-foodpatch .Therefbre,fromthe

ideaofthemarginalvaluemodel(Chamov,1976) ,thequalityoffruitpatchesandleaf

patchesmaynotdiffbrfbrYakushimamacaques.Itisalsopossiblethatthelevelof

intra-groupfoodcompetitionistoolowtoaf琵ctsynchronyofbehaviorsamonggroup

members,becauseJapanesemonkeystendtostopfbragingbefbrethedepledonofa

foodpatch(Maruhashi,1986;Nakagawa,1990),

Synchronizationofbehaviorsisrequiredformaintainingspatialcohesion

betweengroupmembers(c£Kavanagh,1978).Itmaybemoreimportantinasmall

group,becauseitsmembersgivefbwervocalizations,makelessnoiseingeneral,and

arelessdispersed(Table4.3)thanthoseofalargegroup,andsowouldbemore

difficulttolocateonceamemberbecamelost.

Thedurationoftheactivephase

Thedurationoftheactivephasedependedonthetypeoffoodresource.In

thenon一 丘uit-eatingseason,monkeysfbdonmorefboditems,andinmorefoodtrees,

overasmallerareaperactivephasethanintheffuit-eatingseason(Table4.3,Table

4.4andFig.4.2b).Moreover,whenYakushimamacaques飴edalotonleaves,they

tendtorangewheremanyspeciesofleavesareavailable(AgetsumaandNoma,in

press).So,inthenon-ffuit-eatingseason,theycouldstaylongerinasmallareaand

stillfbedonavarietyofspecies,

Thedif驚renceinthedurationoftheactivephasebetweentheffuit-eatingand

non-ffuit-eatingseasonsmaybeexplainedbyaphysiologicalmechanism.Compared

withleaves,ffuitstendtocontainmuchhigherproportionsofeasily-digested

carbohydrates,suchassugarandstarch(Milton,1993).Therefbre,fruit-eatingis

followedbyarapidriseinblood-sugarlevel.Whentheconcentrationofglucosein
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thebloodreachesacertainlevel,'lthesatietycenter(ventromedialhypothalamic

nucleus)"inhibitsfurther色edingbehavior(MoritaandKubota ,1982).There負)re,

whenmonkeysfbedon丘uits,theymayfbelsatedmuchmorerapidlythanwhenthey

fbedonleaves.

Dietinthenon-activephase

Intheactivephasethemonkeysfbdonm句orfboditems,andinthenon-

activephase,theyfbdonfoodswhichareofhigherquality,butwhicharemore

difficulttofind.Fruitstendtocontainmoreenergythanleaves(Milton,1993),but

lessproteinthaneitherleaves(Milton,1993)orinsects(lwamoto,1982).Thedensiリ ア

off㎞it-foodtreesintheforesttendedtobelowerthanthatofleaf-foodtrees

(Agetsuma,inpress)。Therefbre,inthenon-ffuit-eatingseason,ffuitswerehigher

qualityfbodintermsofenergy,althoughthesearchingcostwashigh。However,if

魚1itswerefoundopportunisticallyduringnon-activephases,theywouldbehighly

beneficiaHbods,and,indeed,themonkeysincreasedfbedingonfruitduringthenon-

activephaseinthenon-ffuit-eatingseasons(Table4.5).Similarly,insectswouldbe

beneficialasasourceofprotein,especiallyintheffuit-eatingseasons,whenmonkeys

couldfindthemopportunistically.

Ithasbeensuggestedthattoavoidsecondarycompoundsandimprove

digestibility,primatesshoulddiversifytheirdietaryintake(e.g.Hlad∬(θ'α1.,1971;

Coelho8'α1.,1976;Marsh,1981;Estrada,1984;Harrison,1984).Yakushima

macaquesmaydiversifンtheirdietbyfbedingonfoodsotherthanthemainfbodofthe

seasonduringthenon-activephase.
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Table1.1

Typesofcommonfooditems

Foodcategory

No.commonitems(mainitems)

TypelType2Type3 Total

Youngleaves

Fiowers

Seeds

Fruits

Matureleaves

Fallenseeds

1(1)

1(0)

10(0)

16(4)

3(3)

3(3)

1(1)

5(1)

6(1)

9(2)

14(5)

6(2>

6(1)

10(2)

27(8)

19(7)

1(1)

Total 28(5) 7(7) 34(9) 69(21>



Table1.2

CorreIationbetweenavailabilityofeach

foodcategoryandtemperature

Foodcategory R

Youngleaves

Flowers

Seeds

Fruits

MatureIeaves

Fallenseeds

一〇
.09

-0
.78

0.48

-0
.76

0.63

-0
.35

ns

P<0.01

ns

p<0.05

ns

ns



Table1.3

Correlationbetvveenfeedingoneachfoodcategory

R

FlowersSeeds Fruits M.leaves F.seeds lnsects

YoungIeaves

Flowers

Seeds

Fruits

Matureleaves

Fallenseeds

0.06 一〇 .36

-0 .37

一〇.45

-0 .44

0.32

0.76★

0.30

-0 .66★

-0 .72★

一〇 .31

0,12

-0 .47

-0 .41

0,16

一〇 .15

-0 .48

0.67★

0.42

-0 ,59+

-0 .59+

+=p<0.1,★:p<0.05



Table1.4

Regressioncoefficientsbetweenfeedingoneachfood

categoryandavailability,andtemperature

Foodcategory Availabi蹴y Temperature

Youngleaves

Flowers

Seeds

Fruits

Matureleaves

Failenseeds

lnsects

0.75★

0.62+

0.86★ ★

一〇.35～ 」

一〇.20

0.35

一〇
,06

-0 .31

0.76★

0.47

-0
.56+

-0
.82★ ★

0.92"★ ★

+p<0.1,★:p<0.05,★ ★.p<0.01,★ ★★'p<0.001



Table2.1

Hoursspentineachactivity(upperhalf)andpercentoftimespentineachactivity(lowerhalf)perhalf-month(n=22>

Daylength Feed Move

Active

behavior

Social

groom Inactive

丁otal

inactive Other

Mean士SD(hour)

Range(hour)

CV

12.33+1。40

10.11-14.21

0.11

3.97士1.06

2.65-5.67

0.27

2.85±0.78

1.75-4.60

0.27

6.82士0.94

5.26-8.72

0.14

2.31士0.63

0.61-3.49

0.27

2.85士1.18

0.86-4.85

0.42

1452+O,90

12,49-16.33

0.06

0.35±1D.24

1」0-0,09

0.69

Mean士SD(%)

Range(%)

32.7+9.8

19.0-53.4

23.0士5。1

15.5-34.5

55.7士8.1

45.8-77.7

18.9+5.9

6.0-30.1

22.6+7.8

7.9-34.1

2.8+1.7

0.9-7.8
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Table2.3

Meancrownareasoffoodtrees,densityofpotentialfoodtrees,

andnumberofavailablemonthsofeachfood

Species PartMCAFT(m2)n
TSF(%)
meanmax

Density

(No/ha)

Available
SA(ha)month

月加ssuooθdaη θa

L肋oca厚)usθdμ 〃s

Eロsoaρ ん'S/aρ0η'oa

D'Sり 〃umraoθmOSσm

Oasオaηos'sε1θ わo'd〃

Se25.3

Se34.4

Se8.2

Se36.8

Se17.4

9

5

8

7

6

・
■
1

」
■
1

3.341.6

0.913.5

0.711.2

3.138.0

0.48.2

7

ー̀

6

2

8

5

4

1

1

0

2.45

2.45

2.45

2.45

2.45

6

4

2

5

1

吻 〃oa肋ra

εシmρ'ooosg'aσoa

/Vθo〃オsθasθrloθa

月bσSθrθ αa

Macわ 〃ロs伽 ηbα9〃

〃fsθaaoひmノ ηafa

SWldamaoroρ んγ〃a

7γθmao〃 θηfa〃s

Orθooη1dθ ρθdりηα!'afa

Fsひ θrba'aoη たa

Fr21.2

Fr7.3

Fr26.6

Fr33.O

Fr36.7

Fr31.6

Fr24.9

Fr49.7

Fr16.O

Fr120.2

0

6

7

0

8

7

2

4

5

4

7
'

9
」

(∠

-

話1

8.573,5

0.917,9

0,812.1

2.310.3

2.922.5

1.08.7

0.911.6

0.54.0

0.64.9

7.14t3

11.0

5.7

4,5

3.7

3.7

2.9

1.6

1.6

1.2

0.3

2.45

2.45

2.45

2.45

2.45

2.45

2.45

2.45

2,45

ca.30

3

4

0

2
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5

2

0

0

2
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ー
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ー

イ
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.
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ー
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.1
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5
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0.21.9

5
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4.9

1.6

1.6

0.8

0.3

2.45

2.45

2.45

2,45

2.45

2.45

2.45

2.45

2.45

ca.30

2

2

2

2

2

2

0

2

2

2

己
ー

引
1

4
巳

1

1
1

4
-

4
1

4
1

《
1

4
1

Morθsaσs'ra〃s YI 39.5 13 1.3 7.0 0.0 2.45 12

part:eatenpartofthespecies;Fr,fruit;Fl,flower;Se,seed;

Ml,matureleaf;Yl,youngbaf.

MCAFT:meancrownareaofthefoodtrees

TSF:meanandmaximumtimespentfeedingontheiteminthe22half。months

Density:densityofthetreesthathadequaltoorlargercrownareathanMCAFT

SA:surveyedareaforthefoodspecies

Availablemonth:numberofavailablemonthsofthefoodinayear



Table4.1

FOODCATEGORIESEATENINEACHHALF-MONTH

PERIOD HALF-MONTH N FRUIT

FOODCATEGORY(%FEEDINGTIME)

FALLEN

FLOWERLE…AFSEEDINSECT OTHER

Periodl

Non一 伽jt-eatingseason

(Non-FES)

1990

1991

Feb6噛21(LFEB1)

Mar1-15(EMAR)

May1-15(EMAY)

Dec16-31(LDEC)

Feb22-Mar7(LFEB2)

1669

755

760

440

795

3.5

12.1

40.3

22.3

5.9

7.1

36.7

2.2

0.0

20.4

30.2

22.5

38.3

33.4

55.7

52,1

23.7

0.9

34.1

2.9

」l

Q
》

0

0

(◎

a

α

7
.

2
,

L

4.0

4.1

11.3

8.2

13.5

Periodl

Fruit-eatmgseason

(FES)

1990 May16。30(LMAY)

Jun1-15(EJUN)

Jun16-30(LJUN)

Aug12-27(LAUG)

524

332

662

459

84.7

73.8

57.9

6t4

0

0

0

0

0

∩
U

O

O

2

2

4

7

a

1
。

t

α

6

Q
》

2

4

∩
V

∩
U

O

O

6.3

16.3

22.7

23.3

5.2

7.8

18.0

14.2

Period2

Non-fruit-eatingseason

Nn。FES

1992 Jan20-Feb3(LJAN)

Apr16-30(LAPR)

140

242

28.6

8.3

(∪

◎
》

一b

2

48.6

73.1

6

∩
》

8

0

4

9

6

Q
ソ

Q
》

O
O

2

5

Period2
Fruit-eatingseason

(FES)

1991 Sep15-30(LSEP)

Nov1-15(ENOV)

Dec1-15(EDEC)

223

118

169

83.4

75.4

83.4

0
コ
0

2

只
》

4

1

」

4

'
5

3

3
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3

'
1
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5

1
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5

Q
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7
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V
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Table4.2

ACTMTYBUDGETINEACHHALF-MONTH

PERIOD HALFMONTH
NO.
SCANFEED MOVE

ACTIVITY(%OBSERVATIONTiME)

SELF。
GROOMGROOMRESTOTHER

ACTIVE

BEHAV.「

Period1

Non-FES

LFEBl

EMAR

EMAY

LDEC

LFEB2

332

184

206

74

266

50.1

38.8

35.9

53.1

32.9

18.0

17.0

20.8

21.1

15,4

2t7

26.4

19.5

8.0

30.0

1.4

1.3

1.0

1.8

2.7

8、1

16.0

22.3

15.7

19.0

7

6

∩
V

O

0.7

0.2

0.0

68.1

55.8

56、6

74.3

48.3

Periodl

FES

LMAY

EJUN

LJUN

LAUG

145

178

337

244

38.1

19.1

19.6

19.9

24.6

26.8

27.3

28.7

17.4

14.6

12.5

21.0

1.3

1.4

0.5

2.4

17.2

31.9

35.0

26.8

1.2

6.2

5.3

1.2

61.0

44.5

46.9

48.6

Period2

Non-FES

LJAN

LAPR

105

144

27.5

38.1

20、6

18.8

27.1

8.8

4.8

0.6

19.7

33.8

0.2

0.0

48.1

56、9

Period2

FES

LSEP

ENOV

EDEC

151

114

123

26.4

23.1

28.9

22.5

27,0

23.9

21.1

19.6

24.6

2.6

7

6

0

1

26。7

29,5

20.7

0.6

0.0

0,3

49,0

50.1

52.8

CV脅2

POF

K-Stest★3

0.48

0。56

0.56

0.37

0.65

<.001

.077ns

、031

.017

、045

0.48

0.65

0.64

0.66

.110ns

.039

.012

.047

0.75

0.62

.028

.004

0.77

0.73

0.71

.001

.003

.010

-
・

2

3

曹

費

★

Activebehav.=movingandfeeding

Coefficientofvariationof%ofmonkeysineachscanengagedinactivebehaviors.

ProbabilityfromKolmogorov-Smirnovnormalitytest.
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Table4.5

PROPORTIONOFFEEDINGTIMESPENTONEACHFOODCATEGORY

HALF-MONTH PHASE

(%)
FALLEN

NFRUITFLOWERLEAFSEEDlNSECTOTHER

Period1

(Non。FES)

かを
LFEBIA

N

1088

350

2.9

6,0

7,1

7,7

30.2

3t1

53.6

46.0

2.7

4.3

3.5

4.9

FMAR A

N

4346,5

18218,7

39.2

41.2

28,1

13.2

24.0

19.8

0.2

2.2

-
・

◎
り

2

4

FMAYNSA

N

48544.3

15347.7

(◎

6

」量

4

41.0

19.6

9
一

∩
U

ハU

2

4.5

11.1

8.2

15.0

LDEC曹 費A

N

NSLFEB2A

27915.4

4852.1

0.0

0.0

36.9

35.4

40.5

83

2.9

0.0

4.3

4.2

N

541

192

6.1

4.2

19.0

25.2

57.1

51.0

3.0

2.6

1.8

1.0

12.9

15.6

Period1

(FES)

LMAY A

N

31688.6

11875,4

0.0

0.0

0.6

3.4

0,6

1.7

5.4

11.1

4.7

8.5
ナオ

FJUNA

N

22278.8

6759.7

0.0

0.0

0.0

6.0

0.9

1.5

14.9

19.4

5.4

13.4

LJUNNSA

N

41257。3

151 59.6

0.0

0.0

1.9

0.0

0.0

0.0

22.3

21.2

18.4

19.2
をを

LAUGA

N

27367.4

6746,3

0.0

0.0

0.4

1.5

0.4

1.5

21.2

38.8

10.6

11.9

Period2

(Non-FES)

NSlLJAN
A

N

99253

1931.6

6.1

5.3

56.6

10.5

8.1

10.5

2.0

31.6

2.0

10.5

LAPRNSIA

N

204

30

9。3

3,3

3.4

0,0

75.5

567

0.0

0.0

8.3

20.0

3.4

2.0

Period2

(FES)

LSEP蝕A

N

EN。V　 1A

N

184

23

87.5

43.5

0,0

0.0

2.2

13.4

0.5

4.3

3.3

30.4

6.5

8,7

7681.6

1442,9

ハ◎

0

9
一

〇

Q
》

-
墨

3

7
σ

1.3

21.4

ハ
◎

i
1

2

7
σ

7.9

21.4

EDEcNSA

N

11080.9

2781.5

7

0

2

α

10。0

0.0

9

7

0

3

t8

11.1

7

6

3

3

A:activephase,N=non-activephase.

Differenceof%offruitsandnon-fruitfoodsbetweenthephaseswastested.

Chi-squaretest,★ 脅=P<0・01,NS:P>0・05

Fisher'sexactprobabilitytest,冑 「:P<0・01,NS1:P>0・05
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