
Chapter2 Effectsorchillingondiapausedevelopment

Am bienttemperatureaffectsdiapausedevelopmentinvariouswaysdepending

onthespeciesorthetimeduringthecourseofdiapausedevelopment･hsomeinsects

undergolngWinterdiapause,wa- conditionswhichtheymayencounterduringthe

autumnslowtherateofdiapausedevelopment(forreviews,Tauberetal･,1986;Danks,

1987;HodekandHodkova1988).Chapter1showsthatdiapauseofP.C.Stallcanbe

terminatedbytransferringInsectsfromshort-daytolong-dayconditionsataconstant

temperatureof20oC,andthatchilling,anexposuretolow temperaturesisnot

prerequisitefordiapausetemination･hthisspecies,however,fewstudieshavebeen

conductedtoexaminetheeffectsoftemperatureondiapauseteminationandrelated

phenomena･hthischapter,followlngquestionsareaddressedforthisspecies:

Doesanexposuretolowtemperaturehaveanyslgn漬cantimpacton

diapausetemination?

Dobugsundershorトdayconditionsremainsensitivetophotoperiods

afterchilling?

Toanswerthesequestionsdiapauseadultswereexposedtovariouslow

temperaturesandtheirsuⅣivalrateandbodycolourwereobseⅣed.Thechilledadults

weremaintainedundereithershort-dayorlong-dayconditionssothattheeffectsof

photoperiodafterchillingcouldalsobecompared･Resultsobtainedinthischapter

suggestedthattheimpactofchillingondiapauseandbodycolourdiffereddependingon

thetimeofexposuretolowtemperatureduringthecourseofdiapausedevelopment,and

thatthesensitivitytOPhotoperiodremainedafterchilling.
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MaterialsandMethods

Insects

A stockcultureofP･C･stallusedintheexperimentsinthischapterwas

establishedwithadultscollectedinamulberryfieldinTsukuba,Ibarakiin1992and

1993andmaintainedunderlong-dayconditions(LD 16:8h)at25oC.Insome

experiments,insectsCOllectedfromadifferentstockcolonyestablishedin1994were

used.hsectswerefeddrysoybeansandpeanutsandprovidedwithwatersupplemented

withsodiumLascorbate(0.05%)andLcystein(0.025%),andthattheywereconfined

inplasticPetridishes(9cm diameter,2cm height)･Newlyhatchednymphswere

maintainedat250Cunderlong-dayconditionsinalargegroup･Afterecdysistothe

secondnympbalstadium,theywerekeptingroupsof14individualsundershort-day

conditions(LD12:12h)at20±0.50Ctoobtainexperimentalinsects･Itisreportedthat

allofthosekeptundershort-dayconditionsfromthisstadiumonwardundergoadult

diapause(YanagiandHagihara,1980)･Newlyemergedadultswerekeptunderthesame

conditionsinagroupatmost4individualsperPetridish･

Chilling

Fourexperimentswere conducted to examine the effects ofdifferent

temperaturesondiapauseterminationandbodycolourchange･玩ExperimentI,pal一sOf

day30-35maleandfemaleadultsgrownundershort-dayconditionswereeither

transfe汀edto15,10or5oC,orcontinuouslykeptat20oCfor40weeksundershort-day

conditions･hExperimentII,day30-35or60-70adultsweretransferredfrom20oCto

15,10or5oC,orkeptcontinuouslyat20oCfor30or60daysinshort-days･TheywereI
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thenmaintainedunderlong-dayconditionsat20oC･ExperimentHIwasperfomedto

determineifeffectofanexposuretoaparticulartemperatureoflOoCfoundin

ExperimentIIwasage-specificornot･Shorトdayadultswereobtainedfromthestock

colonyestablishedin1994･Theywereexposedtoloo°or15oC,orkeptat200under

short-dayconditionsfor30days･Theexposuretodifferenttemperaturesstartedatfour

differentagesofdays20,3045and60.InExperimentⅣ,totestwhetherbugsafter

chillingremainsensitivetoshorトdayconditions,day30-35or60-70adultswere

transferredfrom20oCto150CorlOoCfor30or60daysinshort-days.Theywerethen

keptundershort-dayconditionsat200CIEachpairWasCheckedonceaweekfor

ovlpOSitionandbodycolourinExperimentⅠ,anddailyinExperimentsIトⅠⅤ･

Results

ExperimentI:Diapauseterminationandcolourchangeatconstanttemperatures

Figure5showschangesinsuⅣivalrateandbodycolourafterexposuretofour

temperatures,alongwithcumulativepercentageofovlpOSltlngfemalesat20oC･Adults

at20-100CdiedgraduallyandtheirsuⅣivorshipcuⅣesweresimilar･Ittookabout30

weeksforhalfofthebugstodie･At5oC,ontheotherhand,bugsdiedmorerapidlyand

tookonly10weekstoreach50%mortality.At20oC,femalesstartedovlpOSitionabout

15weeksafterthebeginningOfexperimentand46%ofthemlaideggsduringthe

observationperiodwithapre-ovipositionperiodof23.1±4.7weeks(Average±SD)A

Fifteenoutof35femalesdiedwithoutegglayingandfourdidnotlayanyeggbeforethe

endoftheobseⅣationperiod･Ovipositionoccu汀edonlylngreenfemales･Matingwas

sometimesobseⅣedwhilethebodycolourbeingcheckedandallofmatlngadultswere
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green･At15-5oCフneitherovlpOSitionnormatlngWasObseⅣed･

AtthebeglnnlngOftheexperiment,>80%ofbugswerebrown.At20-10oC,

theproportionofbrownadultsincreasedslightlyduringthefirst5weeks,butthen

declinedgraduallyandmostsuⅣlVlngadultseventuallyturnedgreen･Therateof

changeinbodycolourwasdependentonthetemperaturetowhichinsectsweretreated:

thehigherthetemperaturetheearlierthechangetogreen.Thedifferencesinthetime

whenbrownbugsdisappearedamongthesetemperaturereglmeSWereStatistically

significant(P<0･01,TukeyHSDtest)･Adultsofeitherbodycolourdied,butmortality

wasslightlyhigherin greenadults･Forexample,twentybugsdiedat200Cwithin20

weeksafterthebeginnlngOfexperiment,andamongthem,12weregreenand8brown.

AsimilartrendwasobseⅣedinboth15andloo°reglmeS.At20oC,asmallportionof

bugschangedtheircolourfromgreentobrownagainduringthelast5weeks.Adults

transferredto50Cshowednosubstantialchangeinbodycolour･Therefore,resultsin

thisexperimentconfirm thatanexposuretolowtemperaturesisnotaprerequisitefor

diapausete-ination(Chapter1)･Resultsalsoshowthatbodycolourchangecanoccur

evenataoftemperaturelowerthanthedevelopmentalthreshold,13.8oC(Tanaka,

1979).

ExperimentII:Diapauseterminationandcolourchangeunderlong-day

conditionsaPerchilling

Tbe percentage ofovlpOSiting females,thatlS,percentage Ofdiapause

terminationvariedamongregimes(Table1).When30-35-day-oldadultswereexposed

tolowtemperatures,morethan60%offemaleslaideggswithin60daysoftransferto

200Candlong-dayconditionsexceptforthoseexperienclng5oC,inwhich26-35%of
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femalesovIPOSited･hltheregimesWherethelow temperatureexposurewasstarted

60-70daysafteremergence,40-50%ofthefemaleslaideggsafteratransferto200C

andlong-dayconditions･

Figure6showsthepre-ovlpOSitionperiodat200Cunderlong-dayconditions

afterchilling･IntheregimesWherechillingwasstartedon30-35daysafteradult

emergence,femalesexposedtolow temperaturesfor30daystooklongertostart

ovlpOSitionthanthosethatwereexposedfor60days,andthedifferencewasstatistically

significant(P<0･01,ANOVA)IHowever,thedifferencesinpre-Ovipositionperiod

amongfわurtemperaturereglmeSinthesametimeschedulewerenotstatistically

slgmificant･Theseresultsindicatethatthetimerequiredforegglaylngatthefinal

temperatureof200Cvariedwiththeageofbugsratherthantheprevioustemperatureto

whichbugshadbeenexposed･Ontheotherhand,day60-70bugstooklongertoinitiate

ovIPOSitionatthefinaltemperaturewhentheyhadexperiencedlowertemperaturefor30

days,BugsexposedtolOoCtooksignificantlylongertolaythefirsteggsaftertransfer

toalong-dayphotoperiodthanthoseconstantlykeptat20oC(P<0･05,TukeyHSDtest).

Therewasalsoaslgnificantdifferenceinthepre-OvlpOSitionperiodbetweenthefomer

andtheregimeWith60day-exposuretolOoCstartingfrom 30135daysofadultlife

(P<0･05,TukeyHSDtest).

ColourchangefrombrowntogreenwasobseⅣedinallreglmeS.Day30-35

adultstreatedatlowtemperaturesfor60daystunedgreenfasterafteratransferto200C

andlong-dayconditionsthanthosetreatedfor30days.Bugstreatedatloo°foreither

30or60daystunedgreenmorerapidlythanthosetreatedatothertemperatures(Figs.7

and8).Ontheotherhand,whenday60-70bugsweretreatedatlowtemperatures,a
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changeinbodycolourfrombrowntogreenatthefinaltemperatureof20oCoccu汀ed

laterasthetreatmenttemperaturewaslower(Fig.9).Medianvaluesofthetimewhen

thebrownbugsdisappearedwere8,10and14daysinbugstreatedat20,15andloo°,

respectively･

ExperimentIll:Age-dependentchangeinenectsofchillingondiapauseintensity

hExperimentII,Chillingataparticulartemperatureofloo°for30daysseemed

tocauseadelayinthetimeofovlpOSitionwhenitstartedfromday60,butnotwhenit

startedfromday30･Todeterminethiseffectwasspecifictoacertainageorsuchdelay

graduallybecameevidentaschillingoccurredlater,fourdifferentagegroupsofbugs

wereexposedto150CorlOoCfor30days,thentransferredtolong-dayconditionsat

20oC,asExperimentII.Bugsderivedfromastockcolonyestablishedin1994were

usedforthisexperiment.

ThepercentageofovlpOSitingfemalesinallreglmeSinExperimentm underthe

finalconditionsof200Candlong-dayphotoperiod rangedfrom40%to75%,andin

mostcases(10outof12regimes),thepercentagewashigherthan50%･

When chilling wasstarted 20 or30 daysafteradultemergence,the

pre-OvlpOSitionperiodatthefinaltemperatureof200Cunderlong-dayconditionswas

notstatisticallydifferentfrom thosewhichexperiencednochilling(Fig･10).Inthe

regimeseitherchilledat150Cfromday45orkeptat20cc,thentransferredtolong-day

conditionsat20oC,thepre-OvlpOSitionperioddecreasedslightlycomparedwiththatof

thereglmeSWithcbillingstartlngatyoungerageS･Ittooklongerforbugsexposedto

loo°from day45tolayeggsatthefinaltemperaturethanthoseexposedtohigher
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temperaturesfromthesameageandthanthoseexposedtoloo°fromyoungerages･The

differenceinthepre-OvlpOSitionperiodbetweentheloo°-and15oC-chillingreglmeS

startingonday45wasstatisticallysignificant(p<0.05,TukeyHSDtest)althoughthe

differencebetweentheformerandtheregimekeptat200ccontinuouslywasmarginal

(0･05<p<0･1,TukeyHSDtest)･Whenchitlingatloo°or150Cwasstartedonday60,

thepre-OvlpOSitionperiodatthefinaltemperaturetendedtodecrease,Comparedwith

thatofregimesWithchillingstartingatyoungerages･hthereglmekeptat200Cand

short-dayphotoperiodfor90days(60daysplus30days),somefemalesstarted

ovlpOSitionbeforeatransfertolong-dayconditions.Theyseemedtoteminatediapause

bythistime･ThetimeofovlpOSitionseemtoberelatedtothetimewhenbodycolour

changetookplace.Morethan75% offemaleslaideggswithin15daysafterthey

attainedbodycolourgrade3,thatis,theyshowedanintemediatebodycolourbetween

brownandgreen(Fig.ll).Therefore,theseresultssuggestthatanoviPosition-delaying

effectspecifictolOoCisalsoage-specific.hthisexperiment,too,bodycolourchange

correlatedwellwiththetimeofdiapausetermination,asindicatedinChapter1.

ExpeT･imentIV : Diapauseterminationandcolourchangeundershort-day

conditionsaPerchilling

Todeteminewhetherbugsremainsensitivetophotoperiodafterchilling,bugs

exposedtolowtemperaturesforeither30or60daysweretransferredt0200Cand

shorトdayconditionsratherthanlong-dayconditions･Aftera30-dayexposureto10or

15oC,nofemaleslaideggsduringtheobseⅣationperiodof60daysat20oC･After

60-dayexposure,lessthanlO%offemalesstartedovlpOSitionwithapre-ovlpOSition
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periodof24-49daysaftertransferto20oC･

Insomebugsthatchangedtheirbodycolour,therateofchangewasinfluenced

bytemperature(Fig･12)･Morethanhalfofthebugsexposedtoloo°for30days

remainedbrownevenfor60daysaftertransferto20oC.Afteranexposureto15oC,it

tookabout30daysfor50%ofbugstotumgreenatthefinaltemperatureof200Cunder

shorトdayconditions.h thebugstreatedat150Corloo°for60days,bodycolour

changedmorerapidlythaninthosetreatedfor30days,and50%ofbugsdeveloped

greencolourwithin15and10daysafterexposureto150CandlOoC,respectively･Inthe

fomerfiveoutof44adultschangedbacktobrowncolour,althoughFig.12givlngOnly

netchangesinpercentagedoesnotshowthisobseⅣation.Afterexposuretoloo°,the

percentageofbrownindividualsstartedincreaslngin25daysat200Candreachedmore

than25%attheendoftheobseⅣationperiod.Therefore,resultsinthisexperiment

suggestthatdiapauseadultsremainsensitivetoshort-dayphotoperiodsafterchilling･
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Table2･EffectofchillingonovIPOSitionbyfemaleadultsofP.C･stall

Agewhen
chilling
started

(Days)

Durationof Temperature

chilling exposed

(Days) (oC )

Numberof Ovipositing
insectsused females

(%)

30-35 20

15

10

5

25

29

25

23

68

79

60

26

30-35 60 20

15

10

5

22

22

28

17

68

77

78

35

60-70 30 20 18 50

15 17 53

10 18 41

Diapausefemalesweretransferredto200Candlong-dayconditionsafteranexposureto

varioustemperatures.DateofovIPOSitionwasrecordeddailyfor60daysatthefinal

temperatureof20oC.
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0 10 20 30 40 0 10 20 30 40

0 10 20 30 40 0 10 20 30 40

Weeksaftertransfer Weeksa冊ertransfer

Fig.5ColourchangeandsurvivorshipcuⅣesindiapauseadultsofP.C.stallkeptat2015oCandshort-day

conditions.Day30-35diapauseadultsrearedat200Candshort-dayconditionsweretransferredtofourtemperature

regmesindicatedin eachpanel. Green,orangeandredareasindicatetheproportionofbugswithgreen,

intermediateandbrown bodycolour,respectively.Closedcirclesinthe20oCreglmeindicatethecum ulative

percentageofovIPOSitingfemales･Eachtreatmentisconsistedof28143palrS･
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0 10 20 30 40 50 60 0 10 20 30 40 50 60

0 10 20 30 40 50 60 0 10 20 30 40 50 60

Daysa尺ertransferto20oC,LD Daysaftertransferto20oC,LD

Fig.7.Colourchangeandsurvivorshipcurvesunderlong-dayconditionsinP.C･stalladultsaftera30

day-chillingstartingon30-35daysofadultlife･Diapauseadultswereexposedtoalowtemperature,whichis

indicatedineachpanel,andthentransferredto20oCandlong-dayconditions･Green,orangeandredareasindicate

theproportionofbugswithgreen,intemediateandbrown bodycolour,respectively･Eachtreatmentconsistedof

23-29pa汀S.
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0 10 20 30 40 50 60 0 10 20 30 40 50 60

0 10 20 30 40 50 60 0 10 20 30 40 50 60

Daysa尺ertransferto20oC,LD Daysaftertransferto20oC,LD

Fig･8･Colourchangeandsurvivorshipcurvesunderlong-dayconditionsinP.C.staliadultsaftera60

day-chillingstartingon30-35daysofadultlife･Diapauseadultswereexposedtoalowtemperature,whichis

indicatedineachpanel,andthentransferredto20oCandlong-dayconditions.Green,orangeandredareasindicate

theproportionofbugswithgreen,intermediateandbrown bodycolour,respectively.Eachtreatmentconsistedof

17127palrS.
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0 10 20 30 40 50 60 0 10 20 30 40 50 60

0 10 20 30 40 50 60

Daysa什ertransferto20oC,LD

Daysa冊ertransferto20oC,LD

Fig.9.Colourchangeandsurvivorshipcurvesunderlong-dayconditionsinP･C･stalladultsa洗era30

day-exposureto20-10oC startingon60170daysofadultlife･Diapauseadultswereexposedtoalowtemperature,

whichisindicatedineachpanel,andthentran sferredto200C andlong-dayconditions･Green,orangeandredareas

indicatetheproportionofbugswithgreen,intermediateandbrownbodycolour,respectively･Eachtreatment

consistedof17-22pal一s.

39



○寸

･u
o
!TV
!A
a
p
p
Je
P
u
C
JS
‥Sle
q
lC
3
!712
A

･S
a1-
2
J
O
t
-
寸
u
O
p
a
Sぷ

S
V
Jh
tJ
n
JC
P
q
D
q

･B
u
∃

tp

J
O
晋

u
u
T地
3
q
3
q
T
JC
(a
U
u
9
3
19
tn
a
Jtn
P
:

g
TJd
Sを
p
u
!
S!
x

C
Te
Ju
O
Z
!J
O
忘

u
o
td
SJ
g
q
u

n
u
g
q
t
i
q
p

2
7月

P
u
!)

38
d
a
q
こ
S
u
息

d

p
a
tJO
ld

st:Jh
q
D
Tぷ
･誌

S
TS1!J
a
tTH
TSO
d
a
P
O
)
p
a
J
fn
b
2

-

!1
2
8
巴
g
A
t-
q

L

･q

∞
‥9
T

G
1

JC
U
o
O
N
J
O

a
J
n
Je
J
a
d
u
Ig
二

月

J
g
q
l

o
J
p
a
J
a
J
S
u
e
1
7
U
a
q
t
'
s

A
c
p
o
c
J
O
J
q
N
t
‥Z
t
G
1

)d
U
o
O
I
J
O
U
o
E
t
'U
o
O
N
O
)
P
a
SO
d
x
a
a
Ja
JyL
q
Z
t
‥Z
I
G
l

p
u
d
U
o
O
Z
Jd
p
3
1e
3
1

sS
n
q
o
9
･O
N

S訂
G

･q

∞
‥9
T
G
l
p
u
e
U
o
O
N
O
l
1
2
J
S
u
q

J
2
1J
d
Sa
1-

2
J
.272,7S
･2
･d

J
O
p
O
!J
a
d
u
o
雲

S
O
d
TA
?
2
1d

･O
I
･S
に

(Ŝ
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0 10 20 30 40 50 60 0 10 20 30 40 50 60

0 10 20 30 40 50 60 0 10 20 30 40 50 60

Daysa托ertransferto20oC,SD Daysanertransferto20oC,SD

Fig.12.Colourchangeandsurvivorshipcurvesundershort-dayconditionsinP･C･staliadultsa洗era30or

60day-exposureto15oCorlOoCandshort-dayconditionsstartingon35-30daysofadultlife･Diapauseadults

wereexposedtoalowtemperature,whichisindicatedineachpanelalongwiththedurationoftheexposure,and

thentransferredto200Candshort-dayconditions.Green,orangeandredareasindicatetheproportionofbugswith

green,intermediateandbrown bodycolour,respectively.Eachtreatmentconsistedof22-25palrS･
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Discussion

Resultsobtainedinthepresentstudyindicatethattemperatureaffectstherateof

diapausedevelopmentinacomplicatedway･hExperimentI,bugskeptat200Canda

short-dayphotoperiodstartedlayingeggsafteranextendedpre-ovipositionperiod(Fig.

5)･ThissuggeststhatdiapausedevelopmentinP.C.Stallproceedsgraduallywithout

exposuretolow temperature,confomlngtOWhatwasfoundinChapterl･When

diapauseadultsweretransfe汀edtoandkeptat10or15oC,someindividualsshoweda

changeincolourfrombrowntogreen,butnofemalesfromthesecohortslaidanyeggs

within40WeeksIBecauseovIPOSitionoccursonlylngreenindividuals,achangefrom

browntogreencolourisprobablyoneofprocessesthatdiapauseadultsgothoughfor

thefullterminationofdiapause.At10or150Cdiapausedevelopmentmayproceedto

someextentevenundershorトdayconditionsbecauseadultsatthesetemperatures

completedthisprocess･hthefield,ovenvinteringadultsinleaflitterarebrownin

colourandtum togreenbeforeleavlngthereanddeveloplngtheirovariesinsprlng

(Oda,1980)･ThetimewhenbodycolourchangesinthefieldisaroundmidApril,and

theaverageairtemperatureatthistimeofyearisusuallybelow20oC.ThisobseⅣation

isinaccordancewiththepresentresults･Withinarangefrom10to20oC,thelowerthe

temperatureatwhichbugswerekept,thelowertherateofdiapausedevelopment,Onthe

assumptionthatbodycolourchangeoccurswhendiapausedevelopmentproceedstoa

certaindegTee･At5oC,bugsdiedmorerapidlythanathighertemperatures･Thisislikely

relatedtothefactthatbugsweredirectlytransferredfromahightemperaturetothe

constant,lowtemperaturewithoutanyacclimation･

ExperimentHindicatesthatthe30day-exposuretolowtemperaturesstartingon

30-35daysofadultstageexertednosignificanteffectondiapausedevelopment(Fig.6).
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Afteralongerexposuretolowtemperature,thepre-OvIPOSitionperiodisshortened

comparedwiththeresultsafterashorterexposure,butitdidnotdifferstatistically

amongdifferenttemperaturesinthesametimeschedule･Thelattersuggeststhat

diapausedevelopmentproceedssimilarlyatdifferenttemperaturesandappearsto

conflictwiththeconclusionfromExperimentIthatdiapausedevelopmentproceeds

moreslowlyatalowtemperature･ThisisbecauseExperimentilastedmuchlongerthan

ExperimentII,andthetemperature-dependentdifferenceintherateofdiapause

developmentmaybemanifestedinalatertimeofadultlife.hterestingly,inthereglmeS

of30day-exposurestartlngOn60-70daysofadultlife,thetimeofthefirstovlpOSition

isdelayedastheexposuretemperaturedecreases(Fig.6)･Thiswasconfinedbyresults

inExperimentIIⅠ,butinthelatterexperiment,thedelaywasobseⅣedinregimesWith

chillingfromday45(Fig･10).ResultsofExperimentIIIalsosuggestedthatthiseffect

atloo°isrelatedtoacertainage,day45inExperimentHⅠ,andisnotmanifested

graduauyasthetimeproceeds.Thesesuggestthatlowertemperaturesre-intensify

diapauseinthesereglmeS.ThedifferenceintimewhenthislOoCISPeCificeffectwas

detectablebetweenExperimentsHandⅡIseemstoparallelwiththatofthetimewhen

thefirstovlpOSitionwasobseⅣedinreglmeSkeptat200Candashorトdayphotoperiod

inthetwoexperiments･Thismaybeattributedtothefactthatbugsfromdifferentstock

cultureswereusedintheseexperiments.An otherexplanationforthelOoC-specific

delaylneggdepositionisthattherateofpost-diapausedevelopmentatthefinal

temperatureisinfluencedbytheprevioustemperaturetowhichinsectswereexposed.

Totestthesehypotheses,itisnecessarytoconductfurtherexperimentswherediapause

andpost-diapausedevelopmentcanbemonitoredseparately.Nomatterwhich
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hypothesiswillbesupported,effectsoftheexposuretolowtemperaturesondiapause

developmentdependontheageatexposure,anditseemsthatadultsinlaterstagesof

diapausedevelopmentaremoresensitivetolow temperaturesthanthoseinearlier

stages.hP･apterus,Hodek(1978)hasdescribedanage-relatedchangeintheeffectof

temperatureondiapause:hefindsthatalowtemperatureexperiencedinalaterstageof

diapauseismoreeffectivethananearlieroneinterminatlngdiapauseundershort-day

conditionsat25oC.

Whencoldexposuresfor30or60dayswerefollowedbytransferto200Cand

short-dayconditions,offemalesfrom thecohortsof60-dayexposureonlyasmall

fractionlaideggsduringtheobservationperiod.Thisindicatesthatbugsremain

sensitivetophotoperiOdafteracoldexposureofatleast60days.InR･clavatus,Numata

andHidaka(1984)havereportedthatdiapauseadultsexposedto10or15oCfor30days

remainsensitivetoshort-dayconditionswhilethoseexposedto150Corkeptat250Cfor

alongerperiodwerelesssensitivetoshorトdayconditionsandthecriticaldaylengthfor

diapauseterminationinthoseinsectswasshorterthanthatinbugsaftershorter

exposure.InP.C.stallhowalongerexposuretolowtemperatureswouldinfluencethe

sensitivitytopbotoperiodisyettobeexamined･

h thereglmeSWherebugswerekeptatorretumedto200Candshort-day

conditions,someindividualswhichchangedtheirbodycolourfrombrowntogreen

tunedbrownagaln.Assumlngthatcolourchangeoccurswhendiapausedevelopment

hasproceededtoacertaindegree,asmentionedabove,thecolourchangesobseⅣedin

theseregimesSuggestthatdiapauseinsuchadultsisre-intensifiedinresponseto

short-dayconditionsperceivedinthelaterhalfofdiapausedevelopment･Ifso,lnthis
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bug,duringthecourseofdiapausedevelopment,theremaybeatimewhendiapauseis

re-intensifiedundershort-dayconditions･hA.acuminata,Hodek(1979)hasreported

thatshortovlpOSitionperiodsareinteⅣenedbyperiodswithoutovlpOSitionwhen

overwinterlngadultsaretransfe汀edtoshort-dayconditionsat25oC･Heexplainsthis

phenomenonthatfemalesofthisspeciesthathaveterminateddiapauseandstarted

ovlpOSitionwillbecomeresponsiveagalntOphotoperiodsleadingtothecessationofegg

layingandthiscycleisrepeatedundershort-dayconditions･InR･clavatusNumata

(1987,1990)hasshownthatsomeadultsinwhichdiapausewaste-inatedunder

short-dayconditionsregalnphotoperiodicsensitivityandundergoaseconddiapausein

shorトday conditions.keda-Kikueand Numata(1992)havealso reported that

post-diapauseadultsofEurydemarugosaregainSenSitivltytOthediapause-inducing

photoperiodiftheyarefedseedsoftheirhostplant,butfailtodosoiffedhostplant

leaves.InP.C.staliadults,unlikethesespecies,thetimewhenbugsresumesensitivity

tophotoperiodsissomewhatbeforeovariandevelopmentbeglnS･Thismeansthatthis

phenomenonoccursintheprocessofdiapausedevelopment,notafterdiapause

termination.DietaryinfluenceondiapauseterminationasindicatedinE･rugosashould

bealsostudied.

Summary

DiapauseadultsofP･C･stalimaintainedat200Cundershort-dayconditions(LD

12:12h)Wereexposedtofourtemperaturesof5-20oCtoexaminetheeffectondiapause

developmentwhichwasassessedinte-sofovlpOSition･Diapauseadultskeptat200C

undershort-dayconditionschangedtheirbodycolourgraduallyfrombrowntogreen

andstartedegglaylngafteraprolongedpre-ovlpOSitionperiod･Thosetransfemdto
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either10or150Calsoshowedcolourchangebutdidnotlayeggs･Bugsexposedto50C

undenventneitherbodycolourchangenorovlpOSitionanddiedmorerapidlythanthose

keptathighertemperatures･When30-day-olddiapauseadultswerechilledat5,10or

15oCfor30or60daysandretumedto200Candlong-dayconditions(LD16:8h),the

pre-OvlpOSitionperiodvariedprlmarilydependingonthelengthofchitlingperiod,but

notonthetemperature･Ontheotherhand,whenolderdiapauseadultschilledfor30

dayswereobseⅣedat200Candlong-dayconditions,theirpre-OvlpOSitionperiodtended

tobelongerasthechitlingtemperaturewaslower.hthiscase,atemperatureofloo°

appearedtointensifydiapauseinanage-specificfashion･Therefore,theeffectof

chillingondiapausedevelopmentvarieddependingontheageatwhichinsectswere

chilled･Whenchilledbugsweretransfe汀edtoshort-dayconditionsat20oC,most

femalesfailedtolayanyeggsandsometunedgreen,thenafterawhile,Somegreen

bugschangedtobrownagaln･Theseresultsindicatethatbugsremainedsensitiveto

short-dayconditionsevenaftera60-daychillingat10or15oC･
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Chapter3 Hormonalcontrolofdiapauseandbodycolourchange

･Roleofthecorpusallatum

Adultdiapauseischaracterizedbythea汀eStOfreproductiveactivities.h

diapausefemales,lnparticular,OvlpOSitionandovariandevelopmentareinhibited.

However,indiapausemalesofsomespecies,e･g･,P･apterus(Zdまrek,1970),itisnot

thetestisbuttheaccessoryreproductiveglandsthataredevelopmentallysuppressed.也

N.viridula(KiritaniandHokyo,1970)andMenidascotti(Koshiyamaetal.,1994),the

physiologicalstatusofoverwinteringadultsaresuggestedtobedifferentbetweenthe

twosexes;femalesoverwinterinastateofdiapausewhilemalesdosoinquleSCenCe

withwell-developedaccessoryreproductiveglands･InP･C･stall,becauseovIPOSitionis

suppressedundershort-dayconditions(Chapters1-2),ovariesareverylikelytoremain

undevelopedindiapausefemales.hmaleadults,however,noinfomationisavailable

aboutthephysiologicalstatusofthosekeptundershorトdayconditionsinthelaboratory･

hthefirstpartofthischapter,tocharacterizephysiologicalaspectsofdiapauseinP･c

stall,thedevelopmentofreproductiveorgans,namely,theovariesinfemalesandthe

testesandectodemalaccessoryreproductiveglands,ectadeniainmaleswereexamined･

hmanyInsects,alowhaemolympbtit一eofthegonadotropln,JHisknownto

induceadultdiapause,andtherateofJHbiosynthesisbytheCAindiapauseinsectsis

keptataverylowlevel.TheJHbiosynthesisis,intum,controlledbythebrain(de

Wilde,1983;Denlinger,1985;WyattandDavey,1996)･Am ongheteropteraninsects,P･

apterusisoneofthemostextensivelyexaminedspeciesforhormonalcontrolof

diapause(e.g.,Slama,1964;HodkovA,1976,1992)･Infemalesofthisspecies,a
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long-dayphotoperiodleadstorapidreproductionafteradultemergencethrough

increasedJHbiosynthesisbytheCA,whileareducedactivityoftheCAinducestheir

diapauseinresponsetoashortday-length,andthebrainexertsitsinhibitoryeffect

undershortdayconditionsontheCAactivitymainlyvianeⅣOuspathway･h this

chapter,whetheramechanismsimilartoP.apterusisinvolvedinhormonalcontrolof

diapauseinP･C･stallwasasked･

TbesizeoftheCAispositivelyco汀elatedwiththeJH-biosynteticactivityin

manyinsects(Cassier,1979,1990;TobeandStay,1985).Ifso,accordingtothe

hypothesistobetestedinthischapter,reproductivelyactiveadultswillhavelargeCA,

anddiapauseadultssmallones.TodetermineifitisthecaseinP.C.stall,thesizeof

CAfromlong-dayandshort-dayadultswasmeasuredafteradultemergence.ToknOw

whetherdeprlVationofthesourceofJHinducesphysiologicalconditionssimilarto

diapauseinreproductivelyactiveadults,theCAwasremovedfromlong-dayadults.

EffectsofimplantationoftheCAintoshort-dayadultswereexaminedtoanswerthe

questionwhethersupplementingexogenousJHsourcecouldstimulatedevelopmentof

reproductiveorgansindiapauseadults.ThepossibilityforsyntheticJHtomimiceffects

ofCAimplantationwastestednext･NeⅣOusconnectionsbetweenthebrainandCA

werefinallyseveredindiapauseadultstounderstandtheroleofbrainindiapause

control.BecauseChapters1and2Showthatbodycolourchangesarecloselyrelatedto

diapauseinthisspecies,effectsoftreatmentsmentionedaboveonbodycolourchange

wasalsoexamined.
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MaterialsandMethods

Insects

AdultsofP･C･Stallusedinthischapterwereobtainedfromthesamestock

cultureasinChapterl･Thedegreeofovariandevelopmentinfemaleadultswasgraded

intosixstepsaccordingtoHodek(1971)andSaunders(1983);undevelopedovaries

wereclassifiedasgrade1andweu-developedovarieswithchorionatedoocytesin

ovarioles,notovulatedyet,asgrade5･Ovarieswitheggsintheoviductswerereferred

toasgrade6･Grade2-4Wereclassifiedaccordingtotheextentofvitellogenesis.Atthe

sametime,thediameterofoocytesoreggsattheposteriorendofoneoftheovarioles

wasmeasuredwithanocularmicrometer.也maleadults,thelengthofthetesteswas

detemined.Maleshaveapal一Ofectodemalaccessoryreproductiveglands,ectadenia,

whicharefusedatthemidlineofthebodyandaccompaniedwithareseⅣoirto

accumulatethesecretions(Pendergrast,1957).Thewidthofthesefusedglands

includingreseⅣoirpartacrossthebodyaxiswasmeasured,anditwillberefe汀edtoas

ectadeniasize.WhetherthesecretorynuidwasaccumulatedinthereseⅣoirofthe

ectadeniawasalsorecorded.Aftermeasurementoftestislength,tcsticularfollicleswere

exposedbyrupturlngtheepithelialsheathwithforcepsandtheproportionofthelength

ofthepartoccupiedbyelongatedspematocyststothewholefolliclelengthwas

deteminedbyvisualobseⅣation･Spe-atocystswithitslengthtwiceormoregreater

thanitswidthwillbecalled"elongated''ones.

ToestimatethevolumeofCA,thediametersofCAalongandacrossthebody

axisweremeasuredunderastereomicroscope.TheCAinP･C･stallarefusedglands

andcloselyattachedtoapairofthecorpuscardiacum(CC).Theyarelocatedposterior
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tothebrain,under(ontheventralsideof)theaorta.ThevolumeofCAwasestimated

bythefollowlngequationbyassumlngthattheshapeofCAwasaspheroid:

Ⅴ-(〟6)DIXD22,

whereDlandD2Werethediametersalongandacrossthebodyaxis,respectively･

SurglCaloperations

ExtirpationoftheCA orcorporacardiaca-corporaallata(CC-CA)complexes

wasperformedwithfineforcepsthroughasmallincisiononthedorsalsideoftheneck

membraneofether-anaesthetizedlong-dayadults4daysafteradultemergence,whenthe

bodywallofbugswashardenedenoughforsurgicaloperationandthesizeof

reproductiveorganswasstillrelativelysmall.Forallatectomy,theCAremoval,these

glandsweregentlypulledbyforcepstoseparatethemfromtheCC.Forremovingthe

CC-CAcomplexes,neⅣOusconnectionsbetweenthebrainandCC wereseveredby

gentlypullingthecomplexesbyforceps,thentheywereextirpatedalongwithasmall

pleCeOfadjacentaorta.Forasham operationoftheextirpationofCA orCC-CA

complex,theaortawaspinchedandslightlyliftedupbytheforceps･Aftertheoperation

thewoundwastreatedwithasmallamountofamixtureofpenicillinG and

streptomycln･Fortheimplantationexperiment,theCC-CAcomplexes,insteadofthe

CAalone,WereusedtoavoidanydamagetotheCA･EithertwoCC-CAcomplexes

(Treatment),ortwopiecesofaorta(Shamoperation)takenfromreproductivelyactive

femaleswereimplantedintoetheトanaeSthetizedadultsthroughasmallincisionofthe

fifthstemum･RecipientsWereShort-dayadults30daysafteremergence,whendiapause

inthosebugsweredeepenedandtheywerebrowninbodycolour,atypICalofdiapause
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bugs(Chapter1)･Afterimplantation,asmallamountofmixtureoftheantibioticswas

appliedtothewound,whichwasthereaftersealedwithdentistTsparaffin･Thenervous

connectionsbetweenthebrainandCC-CAcomplexeswereseveredinasimilarwayto

removaloftheCC-CAcomplexes,butthecomplexesremainedattachedtotheaorta･

Forasham operationonlytheaortawascutattheleveljustbehindtheCC-CA

complex･NeⅣOustransectionwasperfomedinshort-dayadultseither4or30days

afteremergence,whendiapauseordiapausesyndromewaspossiblynotfullyinduced

yet,andfullyestablished,respectively(Chapter1).

ToexaminewhetherexogenoussyntheticJHexertsaneffectondiapausebugs

similartotheCAimplantation,topicalapplicationofJHIIIwasperformedonday30

shorトdayadults.SyntheticJH 班 (Sigma)wasdissolvedinacetoneatappropriate

concentrations,andanaliquotof1LILofthesesolutionswasappliedtoadultstemites

everytwodaysuptoeitherthreetimesor15times･Threedoseswereused:1,5and25

pglneachapplication･Tocontrolinsectslト⊥lofacetontwasapplied･

AftersurgicaloperationsandJHm application,thebodycolourandovlpOSition

wererecordeddaily.hsectsweredissectedtoexaminethedevelopmentofreproductive

organs30daysaftertreatments･BodycolourwasassessedasdescribedinChapterl･

Results

Developmentofreproductiveorgansandvolumetricchangeofcorporaallata

h newlyemergedfemalesrearedunderlong-dayandshort-dayconditions,

Ovarieswerenotdevelopedandclassifiedasgrade1,andoocyteswerenotseenundera

stereomicroscope(Fig･13AandB)･也long-dayfemales,oocytesdifferentiatedand
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becamevisibleunderastereomicroscopeby4daysafteradultemergenceand,

thereafter,ovariandevelopmentproceeded･Matureoocytesoreggswerefoundinthe

oviductsofday18females･Thediameterofoocyte(oreggsinwelトdevelopedovaries)

anddevelopmentalgradeofovaryattainedmaximaofO･8mmand5･9ondays21and

18,respectively･Ontheotherhand,ovariesofshort-dayfemalesremainedundeveloped

until30daysafteradultemergence.

Thelengthoftesteswasnotsignificantlydifferentbetweenmalesrearedunder

long-dayandshorトdayconditions(Fig･13D).ElongatedspematocystswereobseⅣed,

i汀eSpeCtiveofthephotoperiodatwhichmaleswerereared(Fig.13E).hcontrast,the

ectadeniaoflong-daymalesdevelopedrapidlyafteremergence,andalargeamountof

secretoryfluidwasaccumulatedinthereservoirofectadenia.Theectadeniasize

attainedamaximum onday21,thfeetimesaslargeasthatofday0males.The

ectadeniaofmaleskeptatashorトdayphotoperiodwerelessdevelopedthanthoseof

malesunderlong-dayconditionsthroughouttheobseⅣationperiod,andtherewasno

accumulationofsecretoryfluidinthereservoir(Fig･13F).

Underlong-dayconditions,theCAofbothsexesdevelopedtoincreasebyabout

fourtimesinvolumewithin30daysafteradultemergence･TheCAvolumeinbugs

rearedundershort-dayconditions,meanwhile,changedlittle(Fig.13C andG).

Therefore,theCAsizepositivelyco汀elatedwiththedevelopmentofovariesinfemales

andectadeniainmales.

Theseresultsindicatedthatinlong-dayfemales,theovariesdevelopedrapidly

afteradultsemergencewhereasinshorトdayInsectstheovariandevelopmentwas

suppressed･hmaleadults,ectadenla,nottestes,developedrapidlyunderalong-day
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photoperiod,andtheyremainedundevelopedundershorトdayconditionsastheovaries

infemales･Therefore,short-daymaleadultsarelikelytoenterdiapauseasfemales

rearedundershort-dayconditions,andthedevelopmentalstatusofovariesandectadenia

canbeusedasanindicatorofdiapause･Inthefollowlngexperiments,effectsofvarious

treatmentswereassessedintensofthegradeofovariandevelopmentandthesizeof

ectadenla,aSWellasthebodycolourgrade･

ExtirpationandimplantationoftheCAorCC-CAcomplαes

hrgeCAinlong-daybugsmayberelatedtoactiveJHbiosynthesis(Cassier,

1970,1993, TobeandStay,1985)･ToelucidatetheroleofCA intherapid

developmentofreproductiveorgansunderlong-dayconditions,theCA orCC-CA

complexwereextirpatedfrom day4femaleskeptunderlong-dayconditions.Thirty

days afterextirpation,mostallatectomized orCC-CA-extlrpated females bad

undevelopedovaries(Table2);thegradeofovariandevelopmentwas1.4and1.0in

allatectomizedandCC-CA-extirpatedfemales,respectively.Inaddition,lnaboutahalf

ofthosefemales,thebodycolourtunedbrown･Theaveragebodycolourgrade30days

aftertreatmentwas3.5inallatectomizedfemalesand4･3inCC-CAcomplex-removed

females.hcontrast,theovariesofsham-operatedfemalesdevelopedandtheyremained

greenincolouruntiltheendofobservationperiod･

hmalesallatectomizedonday4underlong-dayconditions,thedevelopmentof

ectadeniawasinhibited,andnoaccumulationofsecretorynuidwasobseⅣed(Table3).

Morethanhalfofthemtunedbl'OWn.Theshamoperationshowednoinhibitoryeffect

ontheectadeniadevelopmentandcausednobodycolourchange･Allatectomydidnot
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seemtoaffectthetestissizeandspe-atogenesis(Datanotshown).

TheseresultsindicatethattheCAisnecessaryforrapiddevelopmentofovaries

andectadeniainlong-dayInsects,andthatbyremovlngtheCA,aphysiologlCal

conditionsimilartodiapausecanbeinducedinlong-daybugs･

TotestwhethertheCA implantationstimulatediapauseadultstodevelop

reproductiveorgansandtochangetheircolourfrom browntogreen,theCC-CA

complexeswereimplantedintoday30shorトdayadults･A halfoftheimplanted

femalesdepositedeggswithanaveragepre-ovIPOSitionperiodof18･6daysafterthe

implantation(Table4)･Until30daysaftertheimplantation,nineoutof10treated

femalesturnedtheirbodycolourgreen.Theyhadwelトdevelopedovariesevenunder

shorトdayconditions.Sham-operatedfemalesremainedbrownincolourandhad

undevelopedovariesattheendofexperimerltalperiod.Tinmales,theCAimplantation

alsoinducedthedevelopmentofectadeniaandaccumulationofsecretorynuidinthe

reseⅣoirofectadenia(Table5).Morethanhalfoftheimplantedmalesturnedgreen

afterthetreatment.Sham-operatedmalesrevealedneitherchangeinbodycolournorthe

developmentofectadenia･Thetestissizeandspematogenesiswashardlyaffectedby

theCAimplantation(Datanotshown)･TheseresultsindicatesthattheCAimplantation

intodiapauseadultsseemedtoinduceaphysiologlCalconditionsimilartothatof

reproductivelyactiveinsects･

TopicalapplicationofJHIll

TotestwhethertheeffectsoftheCAimplantationonshort-daybugscanbe

attributedtotheeffectsofJH,syntheticJHⅢwastoplCallyappliedtodiapauseadults.
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InthereglmeSWherefemalebugswerereceivedJHⅢ applicationthreetimes,those

treatedwiththehighestdose(25Llgforeachapplication)ofJHIIIturnedfrombrownto

greenincolour(Table6)･OvipositionwasobseⅣedonlyinfemalestreatedwiththe

highestdoseupto15times(25汁gforeachapplication)ofJHIII.Femalestreatedwith

lowerJH doses15timesdidnotdepositeggs,butdevelopedtheirovariesina

dose-dependentmanner･Controlfemalestreatedwith1両 ofacetone15timesbad

undevelopedovariesandremainedbrownincolour.也males,thetreatmentwithJHm

notonlyinducedbodycolourchangefrombrowntogreenand,butalsocausedthe

ectadeniatodevelopandaccumulatethesecretoryfluidinthereservoir(Table7).These

resultsindicatedthattopicallyappliedJH exertedeffectssimilartothoseofCA

implantationonshort-dayadults･However,thedoserequiredtodevelopreproductive

organsseemedrelativelyhigh.

TransectionofnervousconnectionsbetweenbrainandCC-CAcomplex

ExtirpationandimplantationoftheCA suggestthattheCA areacti)ein

long-daybugsandlessactiveinshort-dayonesinJHproduction･也someinsects,e･g･,

P･apterus(Hodkova,1976,1977a)andL･decemlineata(Khan,1988),theCAactivity

isinhibitedvianeⅣouspathwayunderdiapauseinducingCOnditions.Toexamineifitis

thecaseinP･C･stall,nervousconnectionsbetweenthebrainandCC-CAcomplexwere

transectedsothatinhibitionthroughthenervecords,ifany,islifted.Whenthe

connectionsinday4orday30short-dayfemalesweretransected,morethantwothirds

ofthemstartedlayingeggswithin30daysaftertheoperation(Table8).AlldeneⅣed

femalesdevelopedtheirovariesand75% ofthem weregreeninbodycolour･
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Sham-operatedfemaleshadundevelopedovariesandremainedbrownincolour･

NeⅣOustransectioninmalesalsoinduceddevelopmentofectadenia,accumulationof

secretoryfluidinthereservoirandbodycolourchangewhilesham-operatedmalesdid

notdeveloptheirectadenianortunedgreen(Table9).Nostatisticallysignificant

di飴rencesintheCAvolumeweredetectedbetweenneⅣe-severedandsham-operated

bugsofeithersex･TheseresultsindicatedthattheCAstartedreleasingJHenoughto

stimulatethedevelopmentofreproductiveorgansevenundershorトdayconditionsifthe

nervousconnectionbetweenthebrainandCC-CA complexwastransected.This

operation,however,SeemedtoexertlittleinnuenceontheCAsize･
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Table2･EffectofextirpationoftheCAorCC-CAcomplexesonovariandevelopment
andbodycolourinP･C･stalifemalesrearedunderlong-dayconditions

Bodycoloura) Ovariandevelopment
Nq.of

Treatment Insects

i]

used Average No･ofinsects Average No･ofinsects
grade withbrown grade with

colour undeveloped
OVarleS

-CA 16 3.5

-cc-CA 7 4.3

Sham 18 1.3

TheCAorCC-CAcomplexeswereextirpatedfromday4females,andtheinsectswere

keptunderlong-dayconditionsfor30days.

a)Bodycolourdete-inedattheendofexperiment.
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Table3･EffectofextirpationoftheCC-CAcomplexesondevelopmentofectadeniaand

bodycolourinP･C･stallmalesrearedunderlong-dayconditions

Bodycoloura) Developmentofectadenia
No.of

Treatment insects
used

Average No･ofinsects widthb) Fluidc)

grade withbrown (Average±SD)
colour

-CA 7 3.7

Sham 10 1.8 0

2.56±0.35

4.66±0.62 +

TheCAorCC-CAcomplexeswereextirpatedfromday4males,andtheinsectswere

keptunderlong-dayconditionsfor30days･

a)Bodycolourdeteminedattheendofexperiment･

b)Themajordiameterofectadeniawasmeasured･

C)Reservoiroftheectadeniawasfilledwithfluid(+),ornofluid(-)･
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Table4.EffectofCC-CAimplantationonovariandevelopment,OvIPOSitionbodycolourandbodycolourinP.C.stallfemales

rearedundershort-dayconditions

Treatment No.ofinsects
used

Bodycolour

(Averagegrade) Ovarian No.Offemales

development laylngeggs

Day30 Day60 (Averagegrade)

Pre-OvlpOSition
periodafter
implantation

(Average±SD)a)

+2cc-CA 10 4.9

Sham 12 4.8

1.8 5.8

4.5 1.3

TwoCC-CAcomplexestakenfromreproductivelyactivefemaleswereimplantedintoday30diapausefemales,andtheinsects

werekeptundershort-dayconditionsfor30daysbeforedissection･Sham:twopiecesOfaortawereimplanted･

a)Daysafterimplantation･
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Table7･EffectofJHm ondevelopmentofectadeniaandbodycolourinP･C･stall

malesrearedundershorトdayconditions

Developmentofectadenia

No･of Bodycoloura)

insectsused (Average

grade)
widtbb)

(nlm)

(Averagegrade)

Fluidc)

5 ×15 9

25 11

0 10

2.60±0.26

3.88±0.63

4.30±0.20

2.87±0.62

十,-d)

十

+

十 ,-e)

JHIIIdissolvedinacetonewastoplCallyappliedtoday30diapausemales15times

everytwodays,andtheinsectswerekeptundershorトdayconditionsfor30days･

a)Bodycolourdeteminedattheendofexperiment･

b)Majordiameterwasmeasured･

C)Reservoiroftheectadeniawasfilledwithfluid(+),ornofluid(-)I

d)Twomalesshowed+andthreeshowed一･

e)Threemalesshowed+andsevenshowed一･
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Fig.13.Developmentoftheovaries,testes,ectadeniaandCAinP.C.stall
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(solidsymbols)conditionsat20oC.Eachpointwasbasedon5-10individualsand

verticalbarsindicatestandarddeviation.A:gradeofovariandevelopment,B:oocyte

diameter,C:CAvolumeinfemales,D:testislength,E:proportionoftheelongated

spermatocystsinthetesticularfollicles,F:widthofectadenia,andG:CAvolumein

males.
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Discussion

lnfemalesofP･C･stall,asanticipatedbytheresultsobtainedinChapters1-2,

Ovariesdeveloprapidlyafteradultemergenceunderlong-dayconditions,whereasthe

ovariandevelopmentishaltedundershorトdayconditions･Ⅰnshort-daymales,the

developmentofectadeniaisinhibitedasthatofovariesinshorトdayfemales･Incontrast,

thetesticulardevelopmentandspematogenesisofshorトdaymalesisnoti血ibited,but

proceedsaslong-dayones(Fig.13).Theseresultsindicatethat,unlikeN.viridula

(KiritaniandHokyo,1970)andM.scotti(Koshiyamaetal.,1994),malesofP.C.Stall

undergodiapauseundershort-dayconditions.indeed,ShigaandMoriya(1989)have

reportedthatectadeniaofoverwinteringP.C.stallmalescollectedfromthefieldare

undeveloped･Therefore,thedegreeofdevelopmentofectadeniaandovariescanbeused

asindicatorsofphysiologlCalstatusinrelationtodiapauseinthisspecies.h the

followlngdiscussion,pbysiologlCalstatusofinsectswillbeassessedintensofthe

gradeofovariandevelopmentinfemalesandthewidthofectadeniainmales,

respectively.

InmanyInsectsenterlngadultdiapause,areducedJHtit一einthehaemolymphis

knowntoinducediapause.IfthisistrueforP.C.stali,removaloftheCAwouldcause

long-daybugstoshowaphysiologicalconditionsimilartodiapause･Thepresentresults

supportthishypothesis;removaloftheCA orCC-CA complexinhibitedthe

developmentofreproductiveorgansinfemalesandmalesandalsoinducedbrownbody

colour(Tables2and3)IDeprivationoftheCA,thus,Causesoperatedinsectsa

physiologicalconditionsimilartodiapause･Ontheotherhand,theimplantationof

extraCC-CA complexesintodiapauseadultsinducedovariandevelopmentand
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OvlpOSitioninfemalesanddevelopmentofectadeniainmalesa鮎rtheirbodycolour

tunedgreen(Tables4and5)･Thisoperationapparentlycausesrapiddevelopmenteven

underdiapause一maintainlngCOnditions･ToplCallyappliedsyntheticJHm alsoinduced

thedevelopmentofreproductiveorgansandtunedbodycolourintogreeninbothsexes

(Tables6and7)･ThiseffectiscomparablewiththatoftheCCICAimplantationinto

diapausebugs･Therefore,theeffectofCC-CAimplantationcanbeattributedtothatof

exogenousJH･TheseresultsindicatethatJHplaysacmcialroleinthehomonalcontrol

ofadultdiapause,aswellasbodycolourchangeinP･C･stali･Asimilarcontrolling

mechanismissuggestedinseveralheteropteraninsectsincludingP.apterus(Slama,

1964;Hodkov丘,1976,1977a),0.fasciatus(RankinandRiddiford,1977,1978),D.

baccarum(Conradi-IArsenandSOmme,1978)and R.clavatus(NumataandHidaka,

1984;MoritaandNumata,1997).

ThetransectionofneⅣOusconnectionsbetweenthebrainandCC-CAcomplex

showeddiapause-teminatingeffect,asdidtheimplantationofCC-CAcomplexesand

JHapplication(Tables8and9).Thisindicatesthatthebrainexertsaninhibitoryeffect

ontheCAvianeⅣouspathwayindiapausebugs,andthat,ifdeprivedofthisinhibition,

theCAbeglnStOreleaseenoughamountofJHtostimulatedevelopmentofreproductive

organs.Thisalsoimpliesthatanyhumoralfactordoesnotplayanimportantroleto

i血ibittheCAactivityindiapauseinsects･AsimilarneⅣousinhibitionisknownin0.

fasciatus(Johansson,1958)andP･apterus(Hodkova,1976,1977a,b)･In L.

decemlineata,KahnandBuma(1985)havesuggestedthattheCAofdiapauseadultsis

inactivatedbyaninhibitorysubstancewhichistransportedthroughaxonsandreleased

from theneurosecretorysynapsesintheCA.h thelastspecies,however,humoral
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factorshavealsobeensuggestedtoplayaroleincontrolofCAactivity(deWildeand

deBoer,1969)･Theoriginofinhibitoryeffectswithinthebrainhasbeenshowntobe

neurosecretorycellsinparsintercerebralisinP.apterus(Hodkov丘,1976,1977a,b,

1979)andthoseinparslateralisinL･decemlineata(Kalm eta1.,1986),respectively.hl

P･C･stall,modeoftheCAregulationbythebrainistobedetermined.

InP･C･stall,theextirpationofCC-CAcomplexesappearstoturntheoperated

insectsbrown more effectively than theallatectomy･Thisimpliesthatsome

supplementalfactor(S)releasedfromtheCCmaybeinvolvedinthecontrolofbody

colour･InP･apterus,Slama(1964)hasshownthatthelackoflactivationhormoneT

releasedfromtheCC,notJH,isresponsibleforverylowrespiratoryratesCharacteristic

todiapausefemales.hR･clavatus,femaleswithCC-CAcomplexextirpatedtendto

retaineggsintheiroviductsaftertheoperationwhileallatectomizedfemalesdonot

(MoritaandNumata,1997).ThismayindicatethatafactorfromtheCCwouldmodify

themovementofoviducts･Veryrecently,Moritaetal.(1999)havereportedthat

allatectomizedadultsofR･clavatushaveasoftcuticleandlowlipidcontent,whichare

characteristicsofreproductivelyactivebugs,incontrasttoahardcuticleandhighlipid

contentindiapauseones･Thismaylmplythepresenceofahumoralfactorfunctionlng

atahigherleveloverJHindiapausecontrol.Therefore,theroleofCCandotherfactors

incontrolmechanismofdiapauseshouldbecarefullyexaminedinthefuture.

Resultsobtainedinthischaptershowthatbodycolourchangefrombrownto

greenalwaysprecedesovIPOSitioninfemaleswhichareimplantedwiththeCC-CA

complexes,neⅣe-transectedortoplCallyappliedwithJHIⅡ･Thismaysuggestthatbody

colourchangeoccursrapidlythanovlpOSitiomTheseresultsalsoimpliesthatepidemis
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aremoresensitivetoJHthanovaries,becausemoredosesarerequiredforinduclng

ovlpOSitionthanthoseforchanglngbodycolour･

Asmentionedabove,theCAoflong-daybugsareactiveinJHproduction,but

thoseofshorトdaybugsnot･TheCAoflong-daybugsincreasetheirsizerapidlyafter

adultemergencewhileinshorトdayadults,theCAvolumeisnotgreatlychanged

throughouttheobseⅣationperiod･h intactinsects,therefore,thereisapositive

comlationbetweentheCAvolumeandCAactivity･Thisco汀elation,however,appears

tobediminishedbycuttingneⅣousconnections,becauseinneⅣe-transectedbugs,the

CAremainsmall,buttheyseemstosecretesufficientamountsofJHtoterminateor

preventdiapause.Ftlrtheranalyseswillbedonewithrespecttotherelationshipbetween

CAvolumeandJH-biosynthesisinChapter6.

Summary

AfterallatectomyfromreproductivelyactiveadultsofP･C.stali,developmentof

ovariesinfemalesandectadeniainmaleswasinhibitedandtheirbodycolourchanged

fromgreentobrown･lmplantationofCC-CAcomplexesintodiapauseadultsinduced

developmentofovariesandectade山a,andgreenbodycolour･ToplCalapplicationof

syntheticJHIIIandnervoustransectionbetweenthebrainandCA exertedeffects

s血ilartoCC-CAimplantationondiapauseadults･TheseresultsindicatethatJHplaysa

crucialroleincontrolofadultdiapauseinP･C･stallandthebraininhibitsproductionof

JHbytheCAthroughneⅣouspathwayindiapauseadults･
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