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Introduction

Thebrown-wingedgreenbug,PlautiacrossotastallScottisoneofthemost

importantpestsattackingfruittreesinJapan(HasegawaandUmeya,1974;Umeya,

1976;Shiga,1980)･Adultsofthisspeciesandotherstinkbugscausedamagetoyoung

fruitsincludingapple,persimmon,peach,pearandcitruS･Treesinfestedheavilyoften

droptheirfmits･Evenaslightattackbybugscreatesspotsonthesurfaceoffruitsand

reducesthecommercialvaluegreatly･h1973and1975,theoutbreaksofthesebugs

occurredinawiderangeofJapan･Sincetheseoutbreaks,theimportanceofP.C.Stall

andotherstinkbugsasafruittree-pesthasbeenrecognized(HasegawaandUmeya,

1974;Umeya,1976),andmuchefforthasbeenmadetoelucidatethebiologyand

populationdynamicsofthesebugs(MinistryofAgriculture,ForestryandFisheries,

1986)･Asaresults,ithasbeenfoundthatP･C･Stallreproducesmainlyonconiferous

treessuchastheJapaneseredcedar,Cryptomeriajaponica,thehinokicypress,

Chamaecryparisobtusaandthesawaracypress,Chamaecryparispisifera,usually

producestwogenerationsayear,andovenvintersasadultsinastateofdiapause

accompaniedbyaconspicuousbodycolourchangefrom greentobrown.Oneof

remarkablecharacteristicsforthesestinkbugstoattackfruittreesisthattheyflyinto

orchardsduringdispersalormovementbetweenreproduclngandoverwinte血gsites,Or

amongpatchyreproducingsites(Tanaka,1979;Uchidaetall,1975;Oda,1980;Moriya,

1995,1996).Predictingthetimewhenbugsinvadeorchardsisimportanttoprotect

fruitsfrom thesebugs･BecauseoverwinteringadultsofP･C･stallareindiapause,

collectinginformationondiapauseandrelatedphenomenaisnecessarytoelucidatethe

lifehistoryofthisspeciesandtodevelopeffectivecontrolmethodsforthisstinkbug･



However,informationondiapauseinP･C･stallisrelativelypoorlyaccumulated,in

contrasttothatonitspopulationdynamics,whichhasbeenstudiedbyMoriya(1995,

1996).

DiapauseisoneofphysiologlCaltraitsthatinsectshaveevolvedtocopewith

unfavourableenvironmentalconditionswhichtheyencounterduringtheirlifecycle.

(Tauberetal,1986;Danks,1987)IDiapauseisdefinedasastageinlifecycleduring

whichmorphogenesisismoreorlessatastandstill(An drewarth,1952),orasa

neurohomonallymediated,dynamicstateoflow metabolicactivity(TaubereJαJ･,

1986).hsectscanundergodiapauseateverylifestage,butthestagethatinsectsenter

diapauseisfixedspecies-specifically･hsectsoccu汀lnginthetemperatezoneorareas

withadryseasonhavetosurvivetheadverseseasonwhenfoodsupplyisinsufficientto

supporttheirlifeorwhentheambienttemperatureorhumidityistoolowtoundergo

normalmorphogenesis･Diapauseprovidesinsectswithawaytoescapefrom such

unfavourableseasonsintime('reproducelater'),whilemigrationgivesthemawayto

escapefromadverseseasonsinspaceぐreproduceelsewhere')(Solbreck,1978)･

Diapauseisdividedintoseveralphases;diapauseinduction,maintenanceand

termination,fouowedbypost-diapausedevelopment(Tauberetal.,1986;Danks,1987)･

hsectsusevariousenvironmentalcuesastokenstimulifortimelyentrytodiapause.The

stagesensitivetotokenstimuliisnotnecessarilyimmediatelybeforediapausestage,

but,insomecase,longbeforediapausestage･Whendiapause-destinedinsectsgrowup

tothediapausestage,theirdevelopmentissuppressed,inotherwords,diapauseis

induced･Mosttemperatezoneinsectsenterdiapauselongbeforewintercomes･Theday-

lengthisoneofthemostimportantcuesusedbyinsectsaswellasorganismslivingln
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thetemperatezone,andshortday-lengthisveryoftenatokenstimulusforenterlng

winterdiapausebytemperateinsects･h thediapausemaintenanceperiod,toavoid

untimelydevelopment,forexample,Causedbywarmperiodsencounteredinautumnor

earlywinter,theirdiapauseismaintainedbytokenstimuli･Duringthisstage,changes

so-Calleddiapausedevelopmentoccurtowardtimelycompletionofdiapause.hsectsin

thisstageapparentlyshownoorlittlemorphologlCalchange,butphysiologicalchange

suchasadecreaseinsensitivltytOtokenstimulidoestakeplace.Someinsectsrequirea

specificcuefb∫diapausedevelopmenttoproceed･Oncediapausedevelopment

completes,insectsarenolongersensitivetodiapause-induclngStimuliandbecome

readytoresumemorphogenesis･tnmanytemperateinsectsthisoccursduringwinter,

andsubsequentmorphogenesisispreventeduntilthetemperatureisabovethe

developmental血eshold･Afterdiapausedevelopmentcompletedandphysicalfactors

becomefavourablefordevelopment,posトdiapausedevelopmentoccurs･Throughthese

processes,thetimeofreproductionissynchronizedwithinthepopulation(TaubereJα7,

1986;Danks,1987).

Astokenstimuli,theday-lengthisoneofmostimportantcues･Oneofreasons

foritsimportanceasaslgnalfora汀ivalofadverseseasonsisthatday-lengthismore

reliablethanotherfactorsincludingtemperature,humidity andfood,whichtendto

fluctuategreatly.

InP･C･stall,adultdiapauseisunderthecontrolofday-lengthandits

photoperiodicresponsefordiapauseinductionislong-daytype(Tanaka,1979;MAFF,

1986;NumataandKobayashi,1994).However,info-ationthusfaravailableisstillnot

enoughtoexplainlifecycleregulationinthisbug,e･g･,whetheraspecificconditions



arerequiredforitscompletionofdiapausedevelopmentisnotknown.Somecasesof

invasionintoorchardsbythisbugmayberelatedtodiapausebecausemovementfrom

reproducingSitestooverwinterlngSitesandviceversaprovideanopportunltytoinvade

intoorchards(Oda,1980;Moriya,1995,1996)･However,notonlytherelationship

betweendiapauseandflightbehaviourorflightactivitybutalso theroleof

environmentalfactorsincontrolofdiapauseisnotfullyelucidated･Asafirststepto

approachtheseproblems,photoperiodictransferfromlong-dayconditionstoshort-day

conditionsandviceversaisexaminedtoaskwhetheradultsofthisspeciesaresensitive

todiapause-inducingordiapause-avertingphotoperiodsandhowdiapausedevelopment

proceedsduringdiapauseperiod･InChapter1ofthisthesis,ifinsectsaresensitivetoa

changeinphotoperiodduringdiapauseisexamined･Becauseoverwinterlng,diapause

adultsdonotaggregateinbibemacula(Oda,1980),anditisnoteasytocollectsuch

adultsfrom thefieldenoughtoconductexperiments,lnChapter1andfollowing

chapters,bugsraisedundercontrolledconditionsinthelaboratoryareusedfor

experiments.

Eveniftheday-lengthisoneofthemostimportantcuesasatokenstimulusfor

manytemperateinsects,Someotherenvironmentalconditionssuchastemperature,

humidityandfoodoftenmodifytheirresponsetothemaindeterminantfordiapauseor

courseofdiapausedevelopment(Tauberetal,1986;Danks,1987)･An exposuretolow

temperaturesorcbillinghasoftenbeenconsideredtobeaprerequlSlteforcompletionof

diapause,ortoaffectthecourseofdiapausedevelopmentininsectsenterlngdiapausein

winter,thoughthisisnotalwaystrue(TaubereJα7.,1986;Danks,1987;Hodekand

Hodkova,1988).Totestifchillingexertsitseffectonthecourseofdiapause
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developmentinP･C.stali,inChapter2,diapausebugsaretransferredtoseveral

temperatureregimes,followedbyaphotoperiodictransfertolong-dayconditionsor

maintainedundershort-dayconditions.

Whenatokenstimuluspredictingarrivalofadverseseasonisperceivedby

insectsduringtheirsensitiveperiod,thisinfbmationisstoredinthecentralneⅣOus

systemuntiltheinsectattainspecies-specificdiapausestage･Towardsand/orduringthe

diapausestage,avarietyofphysiologlCalchangesthatcharacterizediapausetakeplace

withininsectbody.Inthisprocess,twomajorinsecthormones,i.e.moultinghormone

andjuvenilehormone,playimportantroles(e･g･,Denlinger,1985)IHowever,any

hormonespecifictodiapauseisnotknownexceptfordiapausehormoneidentifiedin

Bombyxmori,whichundergoeseggdiapause.Inpupaeofthisinsectdestinedtoproduce

diapauseeggs,diapausehormoneisreleasedfromthesuboesophgealganglionandthis

homone,inturn,Stimulatesbiochemicalorphysiologicalchangesuchasaccumulation

ofcarbohydratesandaprecursorofdiapause-specificpigmentineggs(Forareview,

Yamashita,1996)･hmostotherspecieswitheggdiapause,hormonalmechanismof

diapausecontrolhasnotbeenelucidatedyet.OnlyinAntheraeayamamai,whose

pharatefirstinstarlaⅣaeenterdiapausewithintheireggshell,"repressivefactor"and

I'maturationfactor'forlglnatlngfrom mesothoraxandabdomen,respectively,are

indicatedtoplayaroleincontrolofdiapauseinconjunctionwitheachother(SuzukieJ

αJ･,1990).

Homonalcontroloflarvaldiapauseismultifacetedbecauseinsectscanenter
I

diapauseatvariousstagesoflaⅣalperiod,suchasfeedingstageinearly,midorlast

instars,prepupalstage,evenpharatefirstlaⅣalstage･Thelastcaseis,however,usually



ClassifiedtoatypeofeggdiapauseasA･yamamai･Insomespecies,larvaestaywithout

moultingandsomeundergoecdyseswithorwithoutanincreaseinbodysize･

Homonally,inmayinsectshightit一esofjuvenilehormone(JH)inthehaemolymph

and/orsuppressionof moultinghO-Onerelease,whichis,inturn,causedby

suppressionofprothoracicotropichomone(PTTH)releaseareinvolved･Forexample,a

highJHtitreisresponsiblefordiapauseinlastinstarlarvaeofChilosupressalisand

Diatraeagrandiocella,butPHHTreleaseisnotinhibitedintheselarvaebecausethey

undergo supemumerary laⅣal ecdysis during diapause･The occurrence of

supemumerarylaⅣalecdysisindicatesthatJHtit一esarehighinthoseinsects(Yagiand

Fukaya,1974;YinandChippendale,1973).h contrast,inOstrinianubilalisand

LaspeyreslaPOmOnella,ahighJHtitreexertstoinducediapause,butJHplaysnorolein

diapausemaintenance(ChippendaleandYin,1979;SieberandBenz,1977).也 contrast

totheseexamples,diapauseinNosaniavitrlPennisisattributedtoashutdownof

PHHT-moultinghormonesystem(deI.oofetal.,1979).

h hormonalcontrolofpupaldiapause,theimportanceofinactivebrainin

maintainingdiapauseisfirstdemonstratedinHyalophoracecropia(Williams,1946).h

manyspecieswithpupaldiapause,releaseofPTTHisinhibitedduringdiapause,i.e.,

thebrainisinactive,andattheendofdiapause,reactivatedbrainreleasesPTrHto

inducebiosynthesisofmoultinghomonebytheprothoracicgland,whichthenleads

insectstoresumptionofmorphogenesis,finallytoadultemergence･

SincepioneerworkbyWigglesworth(1936,1985),itiswellestablishedthat,in

insects,thegonadotropln,hormonestimulatingdevelopmentofreproductiveorgans,1S

thejuvenilehO-one(JH)･Becauseadultdiapauseischaracterizedbyarrested



developmentofreproductiveorgans,thedeficiencyofgonadotropln hasbeen

antlCIPatedtoberesponsibleforinducingadultdiapause･Thiswasfirstdemonstrated

forLeptinotarsadecemlineata(deWildeanddeBoer,1961),andalargebodyof

evidencesupportlngthishypothesishasbeenaccumulatedinmanyspecies･h

heteropteraninsects,evidencealongthislinehasalsobeencollectedinseveralspecies

including丹rrohocorisapterus(Slama,1964),Dolycorisbaccarum(Conradi-brsen

andSOmme,1978),Oncopeltusfasciatus(RankinandRiddiford,1977,1978),Rlptortus

clavatus(NumataandHidaka,1984;MoritaandNumata,1997)andMenidascotti

(Koshiyamaetall,1994)･

Ⅰnthelastdecade,groupsofneuropeptides,allatotroplnSandallatostatins,have

beenidentifiedinseveralinsects(Forreviews,StayandWoodhead,1993;Gadeetall,

1997)･BecausetheseneuropeptidesexertsstimulatoryandinbibitoryeffectsontheJH

biosynthesisbyCA,theymayplayaroleincontrolofadultdiapause･Althoughin

diapauseadultsofL.decemlineataandP.apterus,theCA activitylSinhibitedvia

nervouspathway(Khan,1988;Hodkova,1976,1977a,1979),whetherallatostatins

involveinthisprocesshasnotbeenfullyelucidatedyet.Inthelatterinsect,onthe

contrary,presenceofabrainfactorstimulatingtheCA activitylSreportedrecently

(Hodkovaetal.,1996).Ifpeptidessuchasallatotropinsorallatostatinsplayarolein

controlofdiapause,dismptlngOrmanlpulatingdiapauseregulationmechanismbythese

peptidesortheir-analoguemayprovideanewwaytocontrolpestinsects･Thismayalso

beusefulformass-productionofnaturalenemiesorotherbeneficialinsectsasamethod

forlong-ten storageorforobtainingtheirprogenyatanydesirabletime･Todevelop

suchmethodsforaparticularinsect,itisnecessarytoelucidatecontrolmechanismof
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diapauseinthatinsect･InChapters3-60fthisthesis,Ifocusedontheendocrine

mechanismcontrollingadultdiapauseanddiapauserelated-bodycolourchangeinf'.C.

stall.

hChapter3,thehypothesisthatthedeficiencyofJHorlowtit一esofJHinthe

haemolymphinducesdiapauseinP･C･stalladultswasexaminedbymeansofsurgical

operations･Thecorpusallatum(CA),anendocrineglandlocatedposteriortothebrainis

thesiteofbiosynthesisandreleaseofJH(Cassier,1979,1990).EffectsofCAremoval

fromreproductivelyactiveadultsandeffectsofCAimplantationintodiapauseadults

weredetemined.HowtheactivityofCAiscontrolledbyupstreamregulatorycentre,1.

e,thebrain,wasalsoexaminedinthischapter.

Totesttheabovehypothesisfurther,itisnecessarytoquantifyamountsofJHin

relationtopresenceorabsenceofdiapause.TheJH isagroupofsubstanceswith

biologicalactivitytoinhibitinsectmetamorphosisandtoseⅣeasinsectgonadotropln.

Thusfar,severalfoms(homologues)ofJHhavebeenidentifiedfromseveralorders

(Forreviews,SchooleyandBaker,1985;Riddiford,1994)･Whichhomologue(S)occurs

inaparticularinsectis,therefore,indispensableinformationforquantificationofJH.h

Chapter4,whichfom ofJHtheCAofP.C.stallproducewasdeterminedbylnVitro

incubationtechniqueuslngaradiolabelledprecursor･Becauseresultsobtainedinthis

chapterimpliedthatJHinP.C.Stallwaschemicallydifferentfromanyknownformsof

JHandJH-relatedcompounds,abioassayfortestingJH activityinP･C･stallwas

establishedandbiologicalactivityinthepresumptlVeJHfractionwasexaminedbythis

bioassayinChapter5･

InChapter6,ratesofbiosynthesisofJH-activefractionbytheCA were



■

determinedadoptingtheinvitroincubationtechniqueasinChapter4,whichisso-called

radiochemicalassay(RCA)forJHbiosynthesis(PrattandTobe,1974).Atthesame

time,thestatusofreproductiveorgansandsizeofCAwerealsodeterminedtoanalyse

relationshipsbetweenthesevariablesandrateofJHbiosyntbesis.

ThisthesiswaswrittentosubmittoTheUnitedGraduateSchoolofAgricultural

Sciences,IwateUniversitybasedonpapersalreadypublished(KotakiandYagi,1987,

1989;Kotaki,1993,1996,1998a,b)andunpublishedresults.
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Chapter1 Photoperiodiccontrolofdiapauseandbodycolourchange

P･C･stallentersdiapauseasanadult･Intheautumn,adultsundergodiapause

andmovetoovenvinteringsitesinthefield(UchidaeJα7.,1975;Tanaka,1979;Oda,

1980;Moriya,1995)･Whilereproductivelyactiveadultsshowagreenbodycolourwith

brown-colouredwings,overwinteringadultsarereddish-brown(Fig.1).Beforeleaving

theoverwinterlngSitesinthespring,thebodycolourturnsgreenagaln･Photoperiodic

responsefordiapauseinductioninthelaboratorylSindicatedtobelong-daytype

(Tanaka,1979;YanagiandHagihara,1980;NumataandKobayashi,1994).Yanagiand

Hagibara(1980)havealsoreportedthattheperiodsensitivetophotoperiodfordiapause

inductionisthefifth(last)nymphalstage.

DiapauseisadynamicratherthanstaticstateduringwhichthephysiologlCal

conditionsintheinsectschange(Taubereta1.,1986;Danks,1987;HodekandHodkov丘,

1988).Therateofphysiologicalchangesisdetermined orinfluencedbythe

environmentalfactorssuchasphotoperiodandtemperature.Someinsectsrequlrea

specificstimulusforthesechangestooccur.InP･C･stall,whetherphotoperiodsexert

diapause-maintaining and/Ordiapause-teminating effecton diapauseadults,and

whetheraspecificstimulusisrequiredfortheprogressofdiapausedevelopmenthave

notbeenexamined･hthisandthefollowlngChapter,todeteminewhetherdiapause

adultsaresensitivetoaphotoperiodicchangeandhowdiapausedevelopmentproceeds

inthelaboratory,bugsrearedundershort-dayconditionsweretransferredtolong-day

conditionswithoutexposuretolowtemperatures,chilling(thischapter)orafterchilling

(Chapter2).hthesechapters,femalesstartingovipositionwerejudgedasthosethat

haveterminateddiapause,andtheprogressofdiapausedevelopment,lnOtherwords,
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changeindiapauseintensltyOrdiapausedepth,wasassessedbymeasurlngthetime

requiredforthefirstovlpOSitionafterthetransferfromshorトdaytolong-dayconditions･

Here,diapauseintensltyisdefinedasthedifferencebetweenthepre-ovIPOSitionperiod

forbugstreatedasaboveandthatforreproductivelyactivebugsthatwerecontinuously

rearedunderlong-dayconditions.

InP･cIStall,thediapausestatusandbodycolourchangeappeartobeclosely

related,becauseadultsrearedundershort-dayconditionsatorbelow200Candthose

collectedfromthefieldduringthewintershowabrownbodycolour.However,the

relationshipbetweentheprogressofdiapausedevelopmentandthechangeinbody

colourhasnotbeenexaminedindetail･Inthesouthemgreenstinkbug,Nezaraviridula,

KiritaniandHokyo(1970)havereportedthatadultsbothwithreddish-brownbody

colourandwithgreencolourareobservedintheoverwinteringsite･Harrisetal･(1984)

hasreportedthepossibilityofuseofbodycolourasanindicatorofdiapauseinthisstink

bug.UnderstandingtherelationshipbetweendiapauseandbodycolourchangeinP.C.

stallmayprovideinsightintotheusefulnessofbodycolourasanindicatorofdiapause

inthisspecies･Shortday-1engthsinduceadultdiapauseinmanyotherspeciesof

Heteropteraninsects,includingP･apterus,Aeliaaccuminata(Forareviewforthesetwo

species,see Hodek,1983),0･fasciatus (Dingle,1974),Dolycorisbaccarum

(Conradi-I_,arsenandSOmme,1978),R.clavatus(Kidokoro,1978;NumataandHidaka,

1982)andHalyomorphamista(Watanabeetal.,1979),AeliaJi'eberi(Nakamuraand

Numata,1995).However,noneofthesespeciesshowanyconspicuouscolourchange

associatedwithdiapause.Itmaybepossible,therefore,touncoveranotheraspectof

diapausethatismaskedinspeciesshowlngnObodycolourchangebyfollowingbody

ll
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colourchange･Forthisreason,changeinbodycolour,aswellasthetimeofovlpOSition,

wasrecordedinChapters1and2.

12



Fig･1･AdultsofP･C･stallwithgreenbodycolour,bodycolour

grade1(left),whicharetypicallyfoundinreproductivelyactiveadults,and

withbrownbodycolour,bodycolourgrade5(right),typicalofdiapause

adults.Scalebar:5mm.
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MaterialsandMethods

Insects

Throughoutthisthesisthescientificname,PlautiacrossotastalL'willbeusedfor

thebrown-wingedgreenbugaccordingtoTomokunieJαJ･(1993),althoughthe

scientificname,PlautiastallScotthasbeenusedbefore･Alaboratorycolonywas

establishedfromadultscollectedinKoganei,Tokyoin1982and1983･TheiroffsprlngS

wererearedbythemethodsofKotakietal.(1983)underaphotoperiodofLD15:9hat

20oC .Agroupof14newlyhatchednymphswasheldinaplasticcup(9cmdiameter,

4.5cmheight)andprovidedwithrawpeanutsandapieceofwater-soakedcotton.Food

andwaterwerereplacedonceaweek.Newlyemergedadultsweremaintainedasabove

inagrouplessthan 5individuals,usuallytwopal一sOfmalesandfemales.

Reproductivelyactiveadultswererandomlysampledfromtheseadultswithknownage,

andtheywere,hereafter,refe汀edtoaslong-dayInsects.hsectskeptunderashorトday

photoperiodofLD12:12hat200CafterhatchingwerereferredtoasshorトdaylnSeCtS･

Photoperiodictransfer

Pairsoffemaleandmaleadultswereeitherkeptunderthesamephotoperiod

throughouttheirwholelife(Experimenti),Ortransfe汀edtootherphotoperiodic

conditionsataselectedageofadultlife･ThereglmeSinwhichbugswerekeptat

long-dayandshort-dayphotoperiodsarerefe汀edtoasLLandSSreglmeS,respectively,

andthoseinwhichinsectsweretransferredfrom long-daytoshort-dayconditions

(ExperimentII)andviceversa(ExperimentⅢ)as15-andSL-regimes,respectively,

fouowedbynumbersindicatlngtheadultageatthephotoperiodictransfer･h SL

14



reglmeS,InsectsWeretransferredfromshorttolong-dayconditionsondays0,4,10,20,

30,45-47,60-65and90-100･ThelastthreereglmeSWillbementionedasSL45,SL60

andSL-90,respectively･BugswereobseⅣeddailyfわrtheirsuⅣival,ovlpOSitionand

bodycolourfor60daysinLL,SLandLSregimesOrfor90daysinSSreglme･Body

colourwasdeteminedbyvisualobservationandclassifiedinto5grades:greenbody

colourtypicallyfoundamonglong-day,reproductivelyactiveadultswasgrade1(Fig･1,

left)andbrownbugsfoundunderdiapauseinducingconditionsshort-daywere

designatedtograde5(Fig･1,right)･Grades2-4Wereclassifiedaccordingtothe

darknessofthebodycolour.Adultsingrades1and2wererefe汀edtoas'gTeen'and

thoseingrade3,andgrades4and5-intermediate'and'brown',respectively･Although

somenewlyemergedadultsundershorトdayconditionsshowedreddishgreenbody

colour,theywereclassifiedasgrade1.

Statisticalanalysis

Statisticalanalysesweremostlyconductedusmgacomputersoftware,either

SYSTAT orSTATISTICA throughoutexperimentsin thisstudy.To testthe

slgnificanceofco汀elationbetweenpre-OvlpOSitionperiodandageatphotoperiodic

transferinExperimentIII,Kendall'Scoefficientofrankcorrelation,TWasCalculated

(SokalandRohlph,1995),becausenotnegligiblefractionoffemalessuⅣiveduntilthe

endofobservationperiod(60daysaftertransfer)withoutoviposition,andnomalityof

datadistributionrequiredforparametricanalysュsWasnotSupportedinthisexperiment･

Avalueof61dayswasarbitrarilyglVenforsuchfemalesastheirpre-ovlpOSitionperiod,

nottoexcludethesefemalesfromanalysュs.
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Results

ExperimentI:EHectsofstationaryphotoperiods

hthelong-dayInsects,femalesstartedlaylngeggsrelativelyrapidlyafteradult

emergence･ThefirstovlpOSitionwasobseⅣedon16daysafteremergence,andthe

proportionofovipositingfemalesincreasedthereafter(Fig･2,upper)･Outof27females

inthisregime,21laideggswithapre-ovipositionperiodof26･9±8･6days(average±SD)

afteradultemergence,6diedwithoutovIPOSition,and1depositednoeggbutlived

untiltheendofexperiment･Allbugsshowedgreencolourthroughoutexperimental

period(Fig･2,upper)･Duringhandlingofthesebugs,matingpairsweresometimes

obseⅣed,andmosteggsobtainedinthisregimewerefertilized(datanotshown).These

resultsindicatedthatadultsofP.C.stalirearedunderlong-dayconditionswere

reproductivelyactive･

htheSSreglme,femalesdidnotlayanyeggsduringtheexperimentalperiod

(Fig.2,lower).Instead,aremarkablechangeinbodycolourfromgreentobrownwas

obseⅣed･Thefirstappearanceofbrownbugswithabodycolourgrade5or4wasabout

16daysafteradultemergence･Thepercentageofbrowninsectsincreasedgradually

thereaftertoattainamaximumof83%40daysafteremergence.Browninsectsthen

turnedgreenagainandthepercentageofbrownonesdeclinedslowlyuntiltheendof

obseⅣationperiodof90days･Bugswithbodycolourgrade3,intemediatebodycolour

betweengreenandbrown,firstappearedonthe8thdayofadultlife･Theproportionof

thoseadultsincreasedupto40% onday20･Afterthisage,thevalueremained

relativelyunchangedaround 10-20%･BrownbugsappearedrelativelylnaCtive,
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comparedwithgreen,long-daybugs,lnmOVlngaSWellasinfeeding･Theseresults

showedthatadultsrearedunderaphotoperiodofLD12:12hentereddiapauseinthe

laboratory･

ExperimentlI:EHectsofatransferカ.omlong-daytoshort-day

Femalestransferredfromlong-daytoshort-dayconditionsatadultemergence

(I,S-0regime)laidnoegg(Fig･3)･Inthisregime,allbugsweregreenduringfirst20

days.Theystartedchanglngtheircolouronday24,andbyday40about50%ofbugs

tunedbrown.AttheendofobseⅣationperiod,morethan75%ofbugswerebrown.h

thisreglme,thechangeinbodycolourfrom greentobrownoccurredlaterandthe

maximumpercentageofbrownbugswaslowerthanthatintheSS-reglme･IntheLS-30

reglme,bugswereovlpOSltlngactivelyatthetimeofthephotoperiodictransfer,e･g･,

almostallfemalesinthisregimelaideggsinfirstseveraldaysafterthetransfer.The

percentageofovlpOSitingfemalesthendecreased,andallfemalesceasedegglaylng

within28daysaftertransfer.ThedayofthelastovIPOSitionafterthetransferwas14.7

daysafterthetransferonaverage.Inthisregime,thebugsstartedturningbrownlater

thanthoseintheIJS-0regime,andtheproportionofthosebugswaslowerthanofthe

LS-0reglme.Theseresultsindicatedthatlong-dayadultsremainedsensitivetodiapause

inducing,shorトdayphotoperiodsatleastuntilョothdayofadultlife･

ExperimentIll:EHectsofatransfer香.omshort-daytolong-day

lneveryreglmeSWhereshort-daybugsweretransferredtolong-dayconditions,

femalesstartedlayingeggs,althoughthepercentageofovlpOSltlngfemalesvaried
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amongregimesfrom24%to86%(Fig･4)･Shorトdayadultsseemedsensitivetoa

long-dayphotoperiodafteradultemergenceexceptforthoseinSL-0reglme･Inthis

reglme,18outof29femalessuⅣiveduntiltheendofexperiment,butllofthemdid

notlayanyeggs･htheotherSLreglmeS,thepercentageofsuchfemaleswasrelatively

low(<17%)･Therefore,bugsatorshortlyafteradultemergencemayberefractorytoa

changeinpbotoperiods･Thepre-ovlpOSitionperiod,thetimerequiredforegglaylng

afterthetransfer,ofovIPOSltlngfemalestendedtodecreasewithanincreasedinthe

periodduringwhichbugswerekeptundershort-dayconditions(Fig･4, Kendall-s

Tニー0.175,m=143,p<0.05).Thedifferencesinthepre-ovipositionperiodbetweenthe

LLandSL90regimeswasnotstatisticallysignificant(Mann-WhitneyU-test).The

differencebetweentheLLandremainingSLregimesWasStatisticallysignificant

(Mann-WhitneyU-test,p<0･05forSL60vs.LLregimes,p<0･01fortheothersvs･LL

regimes).Theseresultssuggestedthatthediapauseintensitydecreasedwithanincrease

intheperiodkeptundersborトdayconditions,anddiapausewasteminateduntilday90

undertheconditionsusedinthisexperiment.

b thisseriesofexperiments,adultschanged theirbody colourafter

photoperiodictransfer(Fig.4).Thepattemsofchangesinproportionofgreenand

brownbugsvariedgreatlydependingonthetimeofthetransferfrom short-dayto

long-dayconditions.Thesepattemscouldbedividedintothreetypes:1)theproportion

ofbrowninsectswasrelativelylow血oughouttheobseⅣationperiod,e.g.SL0;2)the

proportionofbrownbugsonceincreasedafteratransfertolong-dayconditions,but

decreasedlaterandalmostallbugstunedgreen,SL-4,10and20;and3)most

individualsshowedbrowncolouratthebeglnnlngOftheexperiment,andthenthey
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tunedgreen,SL30,45,60and90.0nindividualbasis,bodycolourchangeoccumd

relativelyrapidly･Itusuallytooklessthan10daysforbrownbugstotum green.

Regardlessofthepattemsfemalesfollowed,ovlpOSitionwasobseⅣedonlyinfemales

withgreenbodycolour･

hSLreglmeS,therewasnodistinctrelationshipbetweenthebodycolouratthe

photoperiodictransferandthepre-OvlpOSitionperiodafterthetransfer･Therewasa

largevariationinthesuⅣivalrateattheendofobseⅣationaswellasthepercentageof

ovlpOSltlngfemales･Noremarkablerelationshipwasdetectedbetweenthesevariables

andtheageofthetransferexceptthatthesuⅣivalratetendedtodecreasewithan

increaseintheageoftransfer.ballreglmeS,femaleandmaleadultsfollowedalmost

thesamepatterninbodycolourchangeandanynotablesexualdifferenceincolour

changewasnotobseⅣed.
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Discussion

InP･C･stali,photoperiodicresponsefordiapauseinductionisreportedtobe

long-daytype(YanagiandHagihara,1980;NumataandKobayashi,1994)･Thisis

confirmedbytheresultsinthepresentstudy,i･g･,bugsrearedunderlong-day

photoperiodsreproduceshortlyafteradultemergencewhilethoseexposedtoshort-day

photoperiodsenteradultdiapause(Fig･2)･ResultsinthischaptershowthatP･C･stall

adultsaresensitivetoachangeinphotoperiods,Sothattheirdiapauseisinducedand

teminatedbythephotoperiodictransferfromlong-daytoshorトdayconditionsandvfce

versa,respectively(Figs.3and4)IOnlyexceptionalisresultsintheSL-0regime,where

newlyemergedshort-dayadultsweretransferredtolong-dayconditions･Inthisreglme,

notableproportionoffemales(lloutof29)suⅣiveduntiltheendofexperiment

withoutlayingeggs,thatlS,theyremainedindiapause.Onthecontrary,whenfemales

weretransfe汀edtolong-daysonday40fadultlifeorlater,mostteminateddiapause

andstartedoviposition,andrelativelysmallportionoffemales(atmost16%)suⅣived

withoutovIPOSition.Therefore,apartofveryyoungfemalesmayberefractoryto

photoperiodicchange,0rdiapausemaybemostintenseatthetimeofadultemergence.

hdeed,intheSLregimes,effectsofphotoperiodictransfertolong-dayconditionson

thetimerequiredforovlpOSitionafterthetransferwereage-dependent,andtherewasa

tendencythatthepre-OvlpOSitionperioddecreasedwithanincreaseintheageatwhich

bugsweretransferredfromshort-daytolong-dayphotoperiods･Thissuggeststhatinthis

bugdiapausedevelopmentproceedsanddiapausebecomelessintensegraduallyunder

short-dayconditionswithoutanyspecificstimulisuch asan exposureto low

temperatures･也theSL-90reglme,thetimerequiredtolayeggsafterthetransferisnot
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statisticallydifferentfrom theovIPOSitionperiodinlong-dayfemales･Thissuggests

that,under200Candshorトdayconditions,diapausedevelopmentisalmostcompleted

duringthe90daysofshorLdayconditions･P･apterus,A･accuminata,R･clavatusand

D.baccarumarealsoknOwntoremainsensitivetochangesinphotoperiodsintheadult

stage(Hodek,1968,1979;NumataandHidaka,1982;Hodkov丘etal･,1989)･Inthose

species,diapausedevelopmentproceedsundershorトdayconditionsandnochillinglS

required･

Short-dayadultsaltertheirbodycolourreversiblyfromgreentobrownandvice

versainthelaboratory(Fig.4).Thisoccurswithoutchilling･Onindividualbasis,the

timerequiredtochangebodycolourwasrelativelyshort,andittookabout10daysto

tumfromgreentobrownandviceversa,respectively･Forthisreason,theproportionof

bugsshowingintemediatecolourbetweengreenandbrownwasnotsohigh･Pattemsof

bodycolourchangesinSLreglmeSareage-dependent･Whennewlyemergedshort-day

adultsweretransferredtolongdayconditions,onlyafewtunedbrownwithin60days

afterthetransfer.However,ifthetransferoccu汀edlater,ど.ど.,ondays4,10and20,

substantialportionofbugstunedbrownafterthetransfer.Therefore,bugsmaybe

destinedtoaltertheirbodycolourfrom greentobrowniftheywereexposedto

shorトdayconditionsforacertainperiodafteradultemergence.Aftertransferto

long-dayconditions,femalestookvariouslengthsoftimetostartovIPOSition,depending

ontheageatwhichthebugsaretransferredtolong-dayconditions･haucases,females

laideggswhentheyweregreenincolour,andnoovIPOSitionwasobservedbeforethe

bodycolourchangedfrombrowntogreen･Therefore,itislikelythatthischangein

bodycolouriscloselyassociatedwithdiapausetemination,andbrownbodycolour
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seemsoneofsym ptomsofdiapausesyndromeinP･C･stali･

hexperimentsinthischapter,bugswerekeptataconstanttemperatureof20oC･

Sincelowtemperaturesareknownasoneoffactorsaffectingdiapausedevelopmentin

manyinsects(forreviews,Tauberetall,1986;Danks,1987;HodekandHodkov孟

1988),itisimportanttoexamineeffectofdifferenttemperaturesondiapause

development･ThiswillbetestedinthefbllowlngChapter･

Summary

Bugsrearedundershorトdayconditions(LD12:12h)at200Centereddiapause

andtunedbrownintheadultstagewhilethoserearedunderlong-dayconditions(LD

15:9h)Startedreproductionshortlyafteradultemergenceandremainedgreen

throughouttheadultstage.Atransferofadultsfromlong-daytoshorトdayconditions

suppressedtheirovIPOSitionandchangedtheirbodycolourfromgreentobrown.Adults

transferredfrom short-daytolong-dayconditionsstartedlayingeggsandtheirbody

colourtunedgreen･Femalesmaintainedundershort-dayconditionsforalongerperiod

oftimetendedtoovIPOSitearlierafteratransfertolong-dayconditions.Theseresults

indicatethatP･C･staliissensitivetophotoperiodevenafteradultemergence,andthat

anexposuretoalowtemperatureisnotaprerequlSltefordiapausetemination.The

resultsalsosuggestthatdiapausedevelopmentproceedsundershorトdayconditions

SpOntaneOuSly･Itisalsosuggestedthatbodycolouriscloselyassociatedwithdiapause

andbrownbodycolourseemsoneofsymptomsofdiapausesyndrome･
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