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ABSTRACT

The Effest of Photo¡:eriod and Tbrrgeratr:re on tÏ¡e rnô:ction,

l'hinter¡ance, and rrermi¡ation of Þrücryonic Diapar:se i¡r Ãedes

\.exans (l4eigen) (Diptera:Culicidae) .

Laboratory oçerinents oonducted under æntrolled photoperiodic

and terperature conditions st¡u¡¡ tt¡at enbryonic diapause i¡ Ãe. \,exans

is induced by envi::orurental factors acting on the parent (p1) fenale.

!Ûrile both photoperiod ar¡d @rperatr:re a¡e identified as envi::or¡rent¡I

sti¡rn:Ii to vftich the P, fernales a:¡e ser¡sitir¡e, photoperiod is regarded

as tlre p::edcnnirnnt i¡lfluence on the induction of anb4ronic diapar:se via

the P, fsnale. A photoperiod of L2LzI?-D j¡rduces P, fernales to prrcduc-e

a hisr incidence of diapar:se eggs at terperatr::¡es of 25o, 23o, and 20oc.

At simil-ar tenpe::atr:re conditi-ons, enbryonic di_a¡nuse is averted if pI

fqnales a:æ maintained at 16L:BD dr:ring the inten¡aI between srergence

and oviposition.

A sensitivitlz to tenperatr:re is denrrnstrated by both the p, fsrElles

and the ørbryonic eggs. Ae. vexans fernales, rnaintai¡ed at a @rpe::ature

of 20oc, prodr:ce dia¡nuse eggs at a longer daylengrthr than do tlrose

fernales \^¡hich are nai¡rtai¡red at 23oc. F\¡rther, the incidence of

erbÐonic diapar:se is gnreater vùren both Pl fenales and the deposited

eggs are sr:bjected t-o a rnoderately loiu tenperature (20oC) tlran if either,

or both, of tlre der,elo¡xrental stagies are sr:bjected to a noderately high

tenperature (Z¡oC).

Diapar:se is sustained i¡r eggs vñichr a::e ¡aintained at a slrort-

photoperiod of r2Lz72D and 20oc for a ionger period of tine than in
eggs sto:¡ed at a long-photoperiod of l6L:gD a¡rd 23oc. The influence
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of photopriod on ørbrlonic diapause is rmsked at a high terpratr:ne
(gOoc) or a lcn¡ tqperatul€ (5oC) , i.e., photryriodic influence on

diapar:se is sr:bonli¡rate to ttre effect of extr.ene lr-igh or lon¡¡ tsp
¡:e::aü:re.

E>qnsuæ to a high tenperature for a period of 7-L4 days termirates

tl:e diapar:se condition in a hidl percerrtage of eggs. At 5oc, errbrlronic

diapar:se is te::ni¡,,ated i'' toto after 112 days; ho,uever, dia¡nuse is
culnirnted in a significantly high ¡:ercentage of eggs after 28 days at
5oc provided that ttre eggs anre ænditioned at 16L:BD and 23oc f.or 14

days follqn¡i¡rg e>posure to the loai terperature.

Tt¡e riesults of outfur e>peri.nents p:ovide ewidence that p, fenral_es

in ttinrripeg, l4anitcba (49o55'N lat.) produce diapause eggs crr:ri¡g l-ate

July"
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INTRODIJCTTO}T

fh:is tiesis reports a stu4r urderbaken to &termi¡e tlre effect of

terperatr::æ, photo¡æriod and naternal infl-ence on the incidence of

diapause in enirryonated eggs of Ãe. vexans. The æsul-ts of these

investigations a:re :reported herej¡1.

.Aedes \¡e><ans is a ¡rn:ltir¡oltj¡re (2 or rDre generations per year)

flood-+¡ater nosquito cofirûon to soutiern and central- r:egions of Canada,

as well as nnny areâs of tle United States, Er:rcpe and Asia. As is
cc[tflÞn i¡r nost nn:lLir¡cltine species, .Ae. \rexans exhibits a qcndition of

facultatiiæ òia¡nuse. As autum-r tenperatures and daylengrths decrease to

a critical- vah:e, specific for the species at a girzen latitude, the eggs

of Ae. vexans a:æ induced to enter a period of diapar:se; a sr4>pnessed

state of develo¡rrent a¡rd ga.q^rth vùhich ensures sr::r¡it¡al of the ir:sect

tluough adr¡erse wi¡rter conditions. Dia¡rause is ter¡ni¡nted upon the return

of favorable environnental stj¡r-rl-i i¡r the sprilg; egg hatch (hatching of

eggs) coj:rcides w'ith conditions srritable for gls,vth and derzelo¡nrent of

the ínnntr:re insecb.

Ttrose eggs laid i¡r the surflEr by Ae. le>Gns ocnplete enÌrryogenesis

witL:-in a fs¡s days after de¡nsition. The eggs will hatdr at this Line

p:ovided the cnri¡nsiti-on sites are i¡rmdated and other hatdejng cond.itions

a¡e far¡orabIe. A terporarlz deviation of one or nÞre envj-rorrrental- fact-ors

f::cxn tåe optinn:rn p:odr:ces tlre sirrplest Qrpe of dorrnanq¡ in e9gs, c-alled

quiescence. Reactir¡atiorr frqn the qu:iescent state coj¡lcides with the

return of far¡orable hatch-i¡g conðitj-ons, vùridr nay be si:rplv erza¡nration

of the water i¡r tJ:e pools and ::eflooding by rainfall.
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Photoperiod is the rnost reüable envi:rorrrental ínf1r:ence for pro-
gramning seasonal ctranges and is utilized by insects as a diapause sue.

Ãlthough it has little infhænce on the irørediate iæl-I-bej¡rg of the in-
sect, photoperiod sen¡es to synch:ronize the life cryc1e w-itlr the seasons

(T,ees 1955) .

.Ae. rre>cns has been i¡rsriminated as a r¡ector of Inbstern Eguine

Ð:cephalitis i¡r Alberta (shernncf,ruk and lvlorgante 196g) a¡rd lrbnitoba
(Sekla et al. 1980) and inpticated as a possible r¡ector of tlre v1rrs in
Saskatchs¿a¡r by IrdctintocJ< et al_. (1970). fl:e s¡:ecies is a kncr¡r vestor
of dog hea::tr¡¡orm, Dirofilaria innritis Iêidy, 1956 (Ja¡kq,r¡ski and Bickley
1976; Hendrix et al. 1980), a renatode ðise,.ce of dogs v¿-ìici:r nay also
infect nnrr.

Ae. lre:ans has ecorp¡nic inportance es a rnajor pest of rnan and anj¡a1s
(¡4clíntock 1944¡ Dixon and Bn:st 1972¡ Brust and E1lis L976¡ Hudson and

Gooding 1977) tlr:roughout nn:ch of the canadian prairie-region and rrray be

ænsidered to be the nost abr¡'rdant and pestife::ow nosguito for-lrid th:rough-

out its range \^rithin Ca¡rada. An oven¡iew of its eooncnnic status a:or:nd

the world has been pr.cnrided by Horsfall et al. (1973),

Due to the ubiqdtor:s natr::¡e of the s¡:ecies and trre pest status it
has attained, t}re rnajority of nosquito abatercnt progranrs within ca¡ada

have been designed. to ænt::oI Ae. \¡exans, or at Ieast, to :æduce popu-

lations of tlris species to a tolerable level- either by la-:rriciding or in
extrene "outl::eak" situations by adr:1ticid.ilg. sj¡rce it is a ccfimcn

praclice for nrcsguito control ¡ær:sonnel to assess the exte¡t of pote¡Llal
Ae. rre:<ans breeding sites dr:ring the fal_l of the year by systenati_c

sarpling of soil cores fi:om throse a¡eas sus¡:ected of having concentrations
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of nosguito eggs, it is essential that the circ'r¡nstances surr:or-u'rði¡lg tåe

induction, rnaintenance, and terrnination of diapar:se in Ae. \¡e>€ns eggs

be u¡rèrstood" Without sucJr an r-rrèrstar¡di¡rg the rrâl-idity of such a

saryUng tedrrigr-e rray b rmsked to a large degree.

Ther¡e is a paucity of literatr:re pertairli¡g to the physiorogical

and bioclrsdcal lresponse necllanisns of j¡lsects as :elated to envi::on-

nental stimuli and the orrer¡¡v'j¡rtering condition of diapause. Th-is is
partic-irlarily evident i¡ studi-es of Aedes nosguitæs j¡ùrabíting the

r¡orthern tørperate rregiorrs v¡he:æ clirrn'tic conditions a-::e r¡aried and rpt
uncqnronl-y se\ære. This lad< of i¡rfornation rmy be, iJr part, dr-¡e t¡ the

absence of stenogamlz (rnating j¡r a confired space) in npst northern s¡:ecies,

v¡TLich has been a \¡ery sign-ificant fasbor j¡ discor:ragiirg studies of these

species (Bn:st f:97I). Due to the difficr:lties i¡r attainj¡g ocnditior¡s

ænducir¡e to nu.ting of tlrese species irr fte laboratory, research rnaterial-

nn:st be repeatedly ællected in the field to :æplenlsh laboratory stocks

or nai¡ta-i¡ed via artificial- insenri¡ration of adult. fernale nosquitoes

in the laboratory as first descrjjced by }bDan-iel and Horsfall (1957) . Tfre

latter technigue, albeit labor:r j¡lter¡sive, enables the researcLrer t¡
utilize material of kncn¡m age and life history for operirrental purposes.

It4cst of the operinÊnts ¡:erforned for thre cr:rrent stu{z \^Jere con-

ducted in a nnnner v¡trich would denpnstrate the irrportance of separate

examination of eggs obtajned frrc¡r'r individual females durilg inrrcstigations

into physiolog.ical responses of Aedes sp. nosquitoes. It was :recognized,

during e>perinents v¡hichr precluded th-is studlz, that variables in ericryonic

¡*rysiological res¡nnses existed tåat could only be attributed to rnaternal

i¡¡ffu:ence, i.e., it was not ur¡connon, ¡nrticularly at pLroto¡eriods of

less tLnn 16L:BD, for j¡rdividual Ae. \rexans fennles to produae ænplSrrents
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of eggs tJlat were reither diapause r¡cr rnn-diapause i:r toto" The dis-

æverff of sucLr a variabifiry i-rr erbryonic a€sponse led to the r.ealization

thê.t, to acsurately assess the physiological responses of adult fsnale

¡npulations to envir¡orurental sti¡m:J.i, it was nec€ssa-rT to e><arni¡le sepa-

rately eactr egg batdl produced by individual fsrales of knc¡¿n age ard

life tr-istory. As weIl, oræ experinent was designed to deli¡reate the

plrenclogic¡] :iesponses of Ae" r¡e>cans populations, sr:bjected to natr:ral

photoperiodic a¡rd tenperatr:re conditions, in or&r to facilitate â coÍt-

parison and cor:elation with physiological lesponses proÔræd r:rrder

laboratory conditions"

ottrer e>çerinents conducted for this studlz were designed to demcn-

strate ttre physiological læsponses of diapause enbryos to various pLroto-

periodic a¡d tsrperatu:re regirres. Consideration is gir.en to diapause

rdevelo¡xent', Jtter:sity, cLuration and termi¡aLion j¡l an effort to e>çlain

the significant :ple of envir:onnental stirnr:li in the or¡en¡si¡¡tering of

Ae. vexans eggs.



GTAE{IER TI

IJTERAfi.ME RE\ÆEW

Diapar:se

The term ",liapause" was origrrnrly coined by v,ltreeler (rg93) to
describe a stage dr:riag blastokinesis r^tler¡ grcrrfth of an insect erbryo

was arrested" Hennegq¡ (1904) suggested r¡se of the term to describe the

arr^est of groøth for alt stages dr:ri.ng tlre life of an insect. Ror:band

in 1919 (cf. vtigglesroorth 1965) se¡:arated the higher Diptera i¡to two

categories: "hcrodynamic" i¡lsests vttt-ichÌ are terporarily dorrnant dr:e to
the d.i¡ect action of r-u'rfavorable envi:onnent, and "heterodlmarnic"

insests \^¡hiú are subjeqted to a prolonged dorn'nnt period independent of
tlre enwirorrrent. Shelford (L929) later descrjl¡ed $:cÁ¡¡th retardation d.ue

to the effest of r:¡rfar¡orable environnent as "quiescence". In cases v¡here

insect acLivitlz or derrcloprent was a:rested "spontaneor:s1y", shelford

applied tlre term dornranq¡ or "diapaüse". r.ees (1955) suggested that a

distj¡lction between "guiescence" and. "diapause" could be made by consider-

ing the innediary of :esponse to envi:orrrental fastors. Hcn,æver, sinc.e

the i¡nrediary of diapause j¡rdustion and terrnination is dependent rpon

ec-ological factors and inire:¡ent species characteristics, tJrere rernaj-ns

¡m:ch oonfusion as to the d.istinction between the two phencnena. Ttre

physiological ned:anis¡rs vù¡:icJr cont:ol dornranry nray be $i-te diverse;

E:iescence and diapar:se are tlre tr¡o nost inportant nechanisns involved,

hcxuever only diapause atr4)eaïs to be ænt]rclled by a photoperiodic cl-ocJ<

(Saurrders 1976) .

Ttre generally accepted defirlition of ôiapause is tl¡at state of
reta:¡ded or supprjessed grurrth, nesulting frcrn the enwiror¡rental
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triggering of neuroendocri¡le nectranisns, whieJr is i¡rduced well before

adr¡erse environrnental contlitions set in and v¡Ìrich is rnainta:i¡red for sorre

tine irres¡:eclive of enviromrent (Ila:rrey 1-962¡ ltuller 1970; Itfansingh L97I¡

Sar:ncle-rs 1976) . Rarely is the dialm:se state acccnpanied by nnrpholog-

ical characteristics that ¡ermit i¡rreåiate easy identification of either

diapausing or norrdiapausing insects. Quiesc.ence, the sirçIest t14n of

dorrnanry, is produced by a sudden, r:nanticipated, rrcn-ryclic, anC us-

r:alIy short-duration deviation of one or mcre environmental fact¡rs fron

tJre optin'un (t'lansingtr I97I). Ttre terminatíon of the quiescent state

r:sually occurs shortly after the reü:rn of far¡oral:le envi¡onnent¡l factors

(Sar:rrCers 1976) .

Diapause may be either obligatory or facultative. Univoltj¡re*

i¡rsect species exhjlit. an obligatory cliapause that occurs autcxnatically

j¡r each gerreration and vñidl is presrnrd:Iy free of environ¡renta-l- control.

BeC< (1968) attril.ruted this response to genetj-cally crcntrolled j¡rternal

mechanisns. Facultative cliapause, where grcÁ,rth retardati-on is either

j¡rduced or averted depending upon the envirorrrental condÍLions, is

exhi-biteC by nmltivoltj¡le s¡:ecies. l'iTrile ì¡ransingh (1971) has statecl that

there is no significant physiological difference beb¡¡een obligatory and

facultaLive diapar:se withi¡r the diapausJng generaLion of multivolti¡re

and r:nivolti¡re species, other irrvestigators (¡tuller 1970; Ttriele 1973)

support the wis,v that a clear physiotogical differentiation does exist

betr¡¡een the two þrpes of diapause. Il:rttter, it is argued by Thiele (1973)

tJut there is no sirçIe c.onneclion between geographic õlistribution

*Volli¡risn. derir¡es frcrn Italian
Zoo1. The frequenqy or nturber

serisulture: volta-turn, LiJre.

of annual broods or generations.
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and furnuncry Qrp as suggested by }dansb$r (1971) " Conseqr:ently, the

dissension bü¡¡een eælogists and physiologists :ægarding the classifi-
cation of i¡sect dia¡nuse p:recludes elucidation of phylogenetic charac*-

teristics, based on dia¡nuse þ4>es, associated with geograplr-ical distri-
bution of insect species.

Although both ten'peratu:¡e and photoperiod are token e¡r¡rir¡orrrental

sigrrals vñich correlate the gro,rrth and deirelo¡xrent of j¡rsects with the

far¡orable seasons (Lees 1955), F*rotoperiod is ttre only ernriron¡rental

factor which precisely relates the claily and seasor¡al- ïhythns of weather

and cli¡nate (de Wilde L962). photoperiod thus sela/es to slmc*r::onize the

j¡secb life rycle with the seasons.

Tt¡e action of photoperiod cannot be :regarded as i¡rnediately favor-

able or unfarrcrable; thre sti¡m-rlus does not acÈ direcLly r:pon thre tissue

ceIl, but rather e>€rts its influence thrrough the nen¡cus system and

endocri¡re orga¡s (Danilevskii 1965; IrAa¡singh 1971) . It is neitlrer the

absolute dl:raLi-on of photophase nor scotophase th,at appears to conttrcl

diapause, but rather tle dr:ration of each ::elative t¡ t]:e other (Iees

1955; codcet 1956; Danilevskii 1965; Adkisson 1966; Becl< 1968; saueders

1976). ltre decision to diapause or continue developnrent is based on

daylength nÞasu.reilEnts rnade by an endogencus circadian clock during the

photosensitir¡e staæ of thre insect's develo¡nent; the j¡rductj-on of dia-

pause is deperrdent on the ocsurrence of a fixed m¡nber of shorb-day

photoperiod ryc1es during tLre photosensitive period (Sar¡:ders Lg76) .

The concept of a :æquired day n-urber or RD[,i, p:rcposed by sar:nder-s (1976) ,

has been confi-rned for the nrcsquito, Ãe. atr.opalpr:s, by BeaeJr and Cyaig

(1977) ard Beã.ch (1978) 
"
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At sccre point (critical_ photoperiod) on the photoperiodic :response

curye of a particular i¡rsect s¡æcies, the i¡rcidence of dia¡nuse with-i-n flre
i¡sect or insect population clranges frcrn high to lcx¡¡ or vice \¡ersa (Becl<

1968). Ttre position of the critical photope.riod, specífic to an j¡sect

¡:opulatj-on, is influenced by the tenç:eratr:re at vùricll the develo¡xrent of
light-sensitir¡e stages takes place (de Wilde L962¡ nanilevskii 1965).

Ttrus, regardless of tf¡e constanq¿ of seasonal- cr:es prowided by photoperiod,

the:¡e rây b nn:clr variation in the dates of the onset of diapar:se from

year to year due to terç:eratr::re condiLions. F\¡rtlrer, the i¡rfl_uence of
anbient tenperatr:res, in conjr:nctj-on witlr photoperiod, rnay se¡1¡e to iso-
late geographical populations of an j¡sesb species on the basis of j¡r-
herited or phenctypical adaptations to critical- daylengt¡s; an i¡sect
species rnay consist of rmny geograplr-ical populations, eacJ: e>dribiting

a characteristic critical photoperiod (Danilevskii 1965) .

The duration of diapause prowides sone neesr::æ of t¡e "j¡tensity"
of diapause i¡l a¡r i¡lsect s¡:ecies (Iees 1955) and is generally thought to
be i¡rversely pr:o¡nrtional to the netabolic and develo¡nental rates, or
d'irectly pr:oportional to tl:e degree of sr:ppr"ession of these rates (Beck

1968) . The j¡tensity of a photoperiodic.-irduc-ed diaparse respo¡se, as

well as the effesb of tenpe::atr:re on the response and the critical- photo-

period, nray differ accrcrðing to the geographical ratitr:de of local_ popu-

lations of a¡r insesb species (Way 1962); diapause intensity tends to be

g:reater i¡ i¡sect popuratiorrs irlhabiting higher latitudes (vinogradoira

1960; de I¡7i1è 1962¡ Dan-ir-evskii 1965; Depner and Ha:r,¡ood 1966).

Very little is kns/vl-t about the nechanisrs by \¡ñich either teqreratr:re
or photoperiod hasten tåe ccurpletjon of the diapause oondition. The
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physiologic¡I relatj-onshi¡:s, for the nost parb, hanre rnt been inrzestigated

frilly" ftre ooncept of I'diapause &rrclopnent" has been defixed by

.Andrewartha (1952) as the physiological &veloprent that occurs during

dia¡:ause in preparation for tbe rresun'plion of norphogensis. I,6nsi¡1gh

(1971) lends su¡4nrt to tlre vis,v tlrat dj-apause develo¡nent or the

":ief::actory phase" of ðia¡nr:se brj-ngs about the "astir¡ated ¡*rase" or the

ptrysiological ability to reactir¡ate endocri¡re activiez i¡ diapa.r:sing

indiuiduals" Ttre ::esu'rption of neu¡oendocri¡re astiwity appears to take

place only r:nder far¡orable envi:¡onnental conditions with all physio-

logicaL ar¡d biochernical derzelopnental p::ocesses being gradr:a11y ::estored

to a rno::relr state. Hc*terzrer, diapause is not termi¡rated i:rnediately

u¡:on tJre :æturn of favorabl-e conditions; the rate of diapar:se ternrination

is dependent u¡:on tåe actir¡ated condition of tt¡e individr-ral and thre

r¡ature of the sti¡nuli (¡4ansjrr$ 197I) .

HiÉ ts@eratures tend to avert or elimi¡r,ate the dia¡nr:se ïesponse

(T-ees 1955; de wilde r9G2¡ Danirer¡skii 1965; B,eck 196g; Anderson 1968,

1970¡ Kalpage L970¡ }acllaffey and Ha¡r^¡ood l97O¡ anÞng othrers). rn rnarry

j¡lstances, btl] hid-l ard Io,v tenperature extrenes tend to rnask the photo-

¡:eriodi-c responses or shift tle critical plrotoperiod to a point further
along thre res¡nnse sut¡¡e. Generally, r¡¡tren hi$ tsrpe::atures coi¡rcide

w"itì scotophnse (daïk) the j¡rtensiez of the diapause :ies¡rcnse is
lessened a¡rd r¡¡Tren lcxr Èørperatr:res coincide w'itlr scotophase the i31ten-

siff of tlre diapar:se response is increased (Danilevskii 1965; Bed< 1968).

Fs¡s studies describe ttre effect of photoperiod a¡rd tenç:eratu:re wittr

r:eq)ect to rnaternal i¡rfluence on ernbrlonic diapause of nosquito species.

fl:e first reporb of the sensitivitlz &nonstrated by the adults of the

pa::ental generation to pLrotoperiodic stjîn:lation was that of Vi¡ogradova
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(1965) " Subseqrent re¡nrts (IthFlaffey a¡rd ffarr¡ood I97O¡ Wilson and

Horsfa-ll 1970¡ l"tcHaffey L972a, r97?b¡ pinger and Eldridge 1977) have

ænfirned ttrat photoperioðic industion of erbq¿onic diapause i¡r r¡arior:s

nosquito species is i¡¡-itiated, either j¡r v¡hole or in part, during the

adult stage of the pa::entaf gereration"

Diapause in Aedes \¡exar¡s

Írere are ser¡eral accor¡lts i¡ the lit-erature that ::e¡nrt the j:r-

fluence of photoperiod and tenperature on dia¡nuse in Ae. \æxans. His-

torically, it was held tJ:at tengæratr-rne was tJ:e najor envir:or¡rental in-
fluence on the j¡rduction of diapause j-n Ae. vexans eggs. Hcn^rever, the

:results of recent inrirestigations provide ewidence that photoperiod is,
in large part' the rnajor j¡rfhænce on the i¡ldustion of enbryonic dia-

pause and that erb4roni-c diapar:se is a consequenc€ of the ¡f:otoperiod

to wh-iclr tLre parent female was subjested. For the puïpose of tlris
:=vieu, tLre aforenentioned studj-es will be descri.bed as either enrbryonic

induction or rnaternal i¡rfIuenc.e.

i) Frloryonic Induction Of Diapause

It has been reported by a nunber of ini¡estigators (ryæ I9O2¡

Gjullin et aI. 1950; Horsfall et a]-. 1973) that Ae. vexans e9gs, colleg.bed

frcrn field sites durilg autturn:, demonstrated an errat-ic hatcLrilg re-

sponse v¡hen si-fcjested t¡ a hatch-i¡rg sti:rulus. Horsfall et al. (1973)

have attributed sud: an e:raLic r:esponse to the fact thlat rnany of the

eggs have entered a latent state due to the effect of cold weatåer; t-o

æÍnrve latency, tJ:e eggs ¡r¡:st be pæconòitioned at a terperatr::æ of 25oC

for at least 15 days prior to i¡nrersion j¡r the hatchi¡rg nediun.
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Iabratory strrd:les by Horsfal-l et al" (1973) hanre shcn¡n that young

eggs (<25 days o1d) oould be i¡rô:ced to enter a latent state if e>posed

to any tenç:erature blcn¡¡ 25oC for a period of 7 dale or nÐt€. As was

the case for field-collected eggs, nnny of tlre latent eggs could be

'condiLioned' to hãtch if they wene srfcjected to 25oC for a period of

14 days prior to innersion in a hatching nedir¡n. It is of i¡rterest to

note that latent eggs vfiicjr had been sto:¡ed at 10oC for 2L days re-

s¡nnded nore rapidly to a hatch-i¡rg sti:nuh:s, after r:etr::rrr to 25oC, tJ.an

did tt¡ose eggs whicJ: were stored at 18oC for a similar period of tirre

ar¡d also returned to 25oC. úie rapid reco\rery f::om a latent state

exLribited by thcse eggs vùriclr had been stored at a lc¡,v tarq:erature (lOoC)

woul-d enable this s¡:ecies to èveIop j¡r r¡crLhern cljmates. Sirnilarly,

failur.e to :recorrer frcrn latenq¡ e>ùribited by many of tlrose eggs stored

at a npre moderate terçeratr:::e (lBoC) would ensure sr:rvirral of at least

a portion of tJre ¡npulation i¡t a-reas of variable cli¡ntic conditions

where extreire tenperature flusti:atiorrs rnight prevent or hj¡rder the

derreloprent of 1a:r¡al-, pr4>a1, or adult populatiorrs should there be a

signifícant dec:æase in tenperatr:::e follo,vilg egg hatdr" Horsfall et a1.

(1973) have reasoned that the ability of erbryos to remain latent at

i-nterrrediate ranges of tenperature, as well as lcr¿ terperaü:res, would

al-lc¡¡¡ this species t¡ j¡hâbit the w-ide ranges in latitude knc¡v¡n for the

distribution of t]le species.

Whrile it has been denonstrated ttrat ns.¡ eggs can be ir:duced to enter

a latent state by e>gnsurre to cold, Horsfall et al. (1973) hai¡e shcm¡n

that older eggs (7_230 days old) cannot be influenced by *çosi::æ to

:=duced tørgæratr-::æs (4o, 80, l-0o, and 23%) for periods of rp to for:r
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weeks" Si¡lce it is not unocrnron for Ae" \rexans eggs to :enain viable

for a period of tv¡o or lrore years rrrèr field conditions (Horsfal.l et aI.

L973¡ anong others), the durability of eggs is of consi&rable eælogical-

sigrrificance vùren it is conside:red that sudr eggs are able to v¡'ithstand

1ov tørperatures for an extended period of Li¡re w'ithout tlre benefit of

a latent physiological state.

Fie1d studies by Breeland et al. (1965) have inåicated that a

latitudinal variation j¡r hatchr-ing exists beü¿een populati-ons of .Ae.

\Exans eggs f:un Alabana and Mi¡nesota. Eggs frcrn eadr state were col-

lected in Septenber and placed togetlrer in suitable sites at ead:

location. Periodic sanples frcm eactr population were ::etrieved tlrrough-

out tLre fall a¡rd w'j¡¡ter and ex¡nsed to a hatdring sti:ruIus. In all

æperjrrents, vrtrether w-ith eggs derived fi:cnn sod sanples or with eggs

obtained f:sn isolated fernal-es, the Mi¡rresota eggs hatchred less r"eaôily

i¡¡ the fall and early w-j¡rter (Septenber 14 - January 4) than ôi-d

AlabarTìa eggs. Thereafter. hatdring ræsponse in eggs f:sn both popu-

lations was similar. Breeland et al-. (1965) haire suggested that a

oonditioning period nay be reqLrir€d to alleviate tlre hatdrilg ::esistanc.e

of l,Ii¡rr¡esota eggs after tlre incepLion of cooler weatJrer.

During a S-year study, Cook and Buzicþz (197I) determined that a

::edrrcti-on i¡r egg hatcùrabiliþz for Ãe. rrexans began as early as mid-

Augn:st j:: St. Paul, Mi¡nesota. A gradual decline in hatúabiliQz con-

ti¡l:ed r:ntil the middl-e of October, at vfuich Li¡re no eggs could be

j¡rduced to hatdr. HcÃ¡rever, it was not determined if tmperatr::æ, photo-

period, or a ocsrbinatlon of both accornted for the declj¡re jn egg

hatdl.
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Forloadng a relatively intensir¡e labo::atory study, lbllaffey (Lg7?b)

conc}-ded that. tøçeratr-rre was the primary factor i¡r &tennini¡lg vñet1-er

dia¡nr:se was j¡ldr:ced or an¡erted i¡r eggs from 16L:gD fsrale Ae. ve><a¡rs

collected in central- Wash-ington (4Oo¡l.lat.). Iì:rtlrer, it was dete::nined

tl¡at a short-¡*rotoperiod (1tL:13D) produced significantly nore diapause

eggs tlnn did a long-photoperiod (16L:gD) at 10oC. Ho,vever, at tent-

peratr:::es of 25o and 32oC rzery feø diapause egg:s r,rer:e produced at
either a long- or shorb-photoperiod r.egJrre. A dec:reasing terperature

r"egine (ZZo'ZSo-tOoc) was for-:r¡d to be nost suitable for p::oduci¡g dia-
pause eggs, particularily if the eggs we:re storæd at a short- rather

tharr a long-photoperiod. IrbHaffey (Ig7Zo) suggested tt¡at a ma:ri¡u¡n

nurber of eggis are j-nduced to enter diapause as a result of tìe seasonal_

ctæs p:ovided by decrreasi¡rg tsrperati:¡es and a short-¡:hotoperiod.

Khrelevin (1961), working i¡r the LESR, has attributed the induction

of dia¡nuse in Ae. vexans eggs to dec::easing tenperatu:¡es on1y. No

nention of photoperiodic eues lvas rnade in his report.

ii) lulaternal- Influence On Diapause

raboratory e>perinents condusted by vüilson a¡rd Horsfal_t (1970) have

denpnstrated tJ-e effeebs of rmternal infl-r¡ence on the hatchrabilitlz of
Ae. r¡*<ans eggs. rt was for-md that tlre hatchability of t].e eggs was

desreased v¡hen tåe parent fenales \^¡erre e>q)osed to a shorb-photoperiod

(r?rzL?Ð) , v¡Lrereas eggs ovi¡nsited by fenales r¡¡Lrich \,vel€ e>q)osed to a

long-photoperiod (tef,:BD) hatched j¡ toto. Altlrough a critica-t photo_

¡æriod was not deterrni¡led during their i-nvestigation, an ósen¡ation

rmde by Horsfal_l et al_. (1973) suggested that the nati¡ra1 photoperiod

occurring during the fir^st parb of August, in rlljrìois, would i¡rduce
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scrre fenales to de¡nsít diapar-rse eggs" A lcn¡s order of hatcrrability in
Ae" ¡¡e>c¡s eggs orriposited j¡r tl¡e laboratory, under natural 1i*rt, dr:ring

tT¡e inter¡ral of Ar:gust t5-20 was rnted by these worke::s. Itris fi¡åing
fi:rtÏ¡er substantiates the theorT of rnaternal influence in Ae. \,exans

put fo::vuard by Wilson and Ho::sfal-I (1970) 
"

l4cflaffey (r97?b) stated that tåe hatchabiriÇ between 9or4>s of
.Ae" ræ:<ans e9gs, collested fron fernales captr::red dr:rjrg 16L:gD, r4>rr

$LrD, and 13tl:10tÐ natural photoperiods, varied considerably. Despite

variable :=sults, l,lcFlaffey suggested that a nu.ternaf i¡fluence on egg

hatchabiliQz does exist si¡ce the eggrs fr.om l4,¡-hor:r fe¡nles vrere rpre
:æs¡nnsive to long-(16L:BD) a¡rd short-(1ll,:13D) photoperiods tlnn were

eggs frun 16- and 13à-hor:r fernal-es. rnterestj_ngly, eggs fi:om r3%-hour

fennles e*ribited a rrelatir¡ely Lr-igh order of hatchability, wittr l-itlle
r¡ariation, du:rlng tLr-is study. unfortr,¡nately, all eggs corlected frcrn

adults weræ randcrnized for th¡ese e>perirrents, ttrereby p:ærzenting any

obsen¡ations on tlre ::esponse of eggs frqn inôividtral fsnales. F\:rthrer-

rl)re, l&Haffey i¡¡-itiated his e>ç:erinents with eggs ttrat were 1ess tb,an

7 da1æ o1d. The variability ix hatclLirrg ræsponse ntry well ha¡¡e been

attributable to factors otLrer tJean photoperiod.
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GTAE{TER TIT

MHIHODS e ¡,ATRIALS

@{MAL MHTHOM

Collection a¡rd Storage of Stud]¡ t4aterial

The original rateria1 used for thris studlz was ællecbed frran sites

in or near wi:rnipeg, t"lanitoba duri¡rg June, Júy, and Augi:sL, rgTB- on

eadr oceasion, sevel:al- hundred blood-seeking Ae. vexans fernales were

collected vùr:lIe attenpting to bite the author. These were returned to

the labor^abry, fed blood and isolated for ovi¡:osition in silgle-female

owi¡nsition cages as descrilced by Kalpage and Brust (1974). Details of

egg storage and tlre colonization of Ae. vexans a:e outl-ined in Chapter

III, parb 2. During 1979 | adult çollestions wer¡e nade at the above

sites for the purtrÞse of :eplenishing the 1aboratory c.olony.

All laboratory oçerinents we:æ conducted irr BOD j¡rcr:bators or

tenperatu::e-ænbro11ed water battrs. The BoD jJrcubators we::e equipped

withr an i¡rcandescent light source (15I{ buLb) a¡l: a ti¡re clocl< for photo-

period cpntrol. A ænstant tefiperature was naintained, dr:ring the dark

and lighted part of ttre ¡*rotoperiod rycIe at + loc of tlle set telperatr:re.

Relative hrnúdity was naintained at 75 + 52.

The water baths we:æ simi-lar to thre one described by Brust (1967) .

Parbj-tions wee praced j¡side the baths, pr.oviding right-ti-ght cCIrF

parbnents vfiich could be used for photoperiod studies. Eachr ccnparhrent

was eguipped witlr a light source (12-r¡o1t, mi¡riatu::e bulb*) and a t:ine

*spectro rniniature lærps, .no. 1855. spectr"o Electric rndustrlz rnc.,
1774 Midland Ave., ScarÕcircu9h, Ontario Mtp 3C2
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clod< for photoperiod cont¡rol. A constant terperature, withrin + O.5oC

of the set bath tençeratune, Ìd¿ts raintai¡led w'ithin eacfi ccrçartnent"

Field e>perinents were conducted i¡l a snal-I insectarlr (48c:n x 22qt

x 42o:l ni-g}rl locat-ed next to the laboratory building (Fig" 1) " lhe

insectarlz was crmstructed of 2 x 4 crn l¡rber, to vùtidl nosquito screen-

ing was attacL¡ed, and ¡nsitioned to ar¡oid dilect sra"rlight" It was

for:nd tL¡at tLre sc::eening prevented access to the stuQz naterial by birds

and other r:r¡¿anted anirmls. Ttre sloping b=nsparent-fiberglass :ioof

(3rm thicJ<) al.lc¡r,ed light penetration, yet was sturrly enough to pro-

vide p::otection f:sn the elenents for the i¡strr¡rents j¡side the ix-

sectarlz. T\¿o doors on tlre front of the i¡sectarlz provided easy access

to the study naterial.

Contj¡l:ous teng:eratr::re rec.ords were kept j¡r tLre irrsectarlz with a

D
I¡ielcsler " tenq:erature reoorder. Re1atirre huniili-ty was npnitored with a

t)
Bendix " hygrothernograph (nÐdef #594) . A contj¡uous recording photo-

reter, similar in principal to the one described by Callahan (1964),

provided a tæcord of clai-ly photoperiod regines for oaçarison w"ith

Snithsonian l4et-eorotog-icaI Tables (VoI. 114 1966) .

2" Cor-oNfzATrol lEcHNrQtlES

Itre follcnnrj¡rg sections dessribe hand.ting and r.earing p:iocedures

used for tlre r¡arious &rreIo¡xentaJ- stages of Ae. ve)@ns.

(a) Eggs

For al-l e>ç:erinents, eggs were collecbed f:sn indi-vidual fernales

s¡hich had been isolated for ovi¡nsition ìn single-fsnale oviposition

caæs as descri-bed by l{afpage and Bn:st (Ig74). The oviposition sulc-

strate consisted of circular pads of ¡nper tcraæIling wfrich were placed



Figi:re 1" Outdoor i¡tsectarlz contai:ri¡g a lVeksler R terperatr:re

ræoorder, a Benðix R hygrotternograph, plastic pans

contaj¡l-ing singl+fe¡nal-e oviposition cages, and. a

large petri dish used for storage of .Ae. vexa¡s

eggs. Íhe æntj¡ruous r"eærding photoreter is not

shq¡rn in this photograph.
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rmder eacLr cage on a larger pad of rnoist paper to,vellilg"

Eggis were oollected. ¡raily, washed, placed on i¡¡diviöral nylon ¡nds

and stored on noist glass wool i¡r ccn¡ered petri dislres " fhis technigr-le

kept eggs rnoist and drastically ledirced contarni¡a'tion þ'mo1ds and fi:ngi

(I(alpagp 1970) " The petri dishes were 1abe1led and stored in BOD irr-

ct¡icators at a¡p:iopriate photoperiodic a¡rd tørperature regines "

Eggs on pads wene hatdred in a nutrient br"oth solution (22L000 w/w,

¡:cwder in tap water) at ::ocrn tenperatr::æ" AIl eggs tlrat failed to hatch

after 16 hor:rs in tlre nutrient br.oth soluLion we:¡e bleacLred (cf . Tripis

L970) and e<arni¡red to deternrine viability. Those eggs contairling fully

forned v¡hiLish enbryos witkr eye spots, a hatching spine and abdorni¡ral

segnentation \^/ere considered to be viable but in a state of diapai:se.

Non-erücrlzorrated eggs and eggs with br.c¡¡¡nish enbryos were discarded.

In order to chred< egg sanples for viability prior to the j¡ritiatj-on

of an experi:rent, a fe,v (5-10) eggs f:om eacJr pad we:re dissected and

o<arni:ied for enbryonation. Those pads of eggs with a lq¿ percentage

viabiliÇ (<50?) were discarded.

(b) La:nrae

I¡:r¡ae were transferred frcrn vial-s of nutrient b:oth solutlon to

cor¡e::ed plastic pans (22qn x 30cm x 6crn d*p) cont¡Jrr-i¡g ca. 1000m1 of

dectrlorir¡ated tap water. Tto mi¡r-funize the detrinental effects of c:o,vôilg,

only 100 la:¡¡ae were placed in each pan"

Ia:rral diet consisted of a fs,s drops of a slurrlz of finely gn:ound

liver pc*rder* ar¡d dedrlorinated tap water" Ttre daily anpr:nt of food

*IOl Phar¡naceuticals Inc., Clelrela¡rd, Gr:io.
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provided was de¡nndent r,:¡nn the i¡står sÞge of the lan¡ae and water

teng:eratr:re. Exæssir¡e ærpr-u'rts of food car:sed fouling of the lan¡al.

nedir¡n and g:æatly 5-:rcrreased the i¡rcidence of lan¡al. nortality" A1-

though la:r¡al- &veIo¡xrent varied according to water tengærature, therie

was no app:reciable difference in sun¡ival rates at thre :rearing tenr

peratr:res r:sed (20o , 23o, and 25oc) .

(c) Pupae

PWae were riennr¡ed fron the lan¡a1 pans daily and we::e transferred

to 300rnt stlarofoam food conta-iners (100 pr-pae per container) half-filled

vJ-ith dedllori¡rated tap water. flre pupal ænt¡.irers were placed in

acrylic cube cages (18mr per side) i¡ vfuiclì the adul-ts arerged.

Paper wid€, noistened with sugar water, p:ovided thre necessanl

food and water ::equir.enents of the adults. Ihe wid<s helped to nraintain

a relative hr-urú¿ity of 70-80? j¡side the cages.

(d) Adu].t.s

trergent adults we:ie held in the acrylic cages for an inte:¡¡al-

sufficient to aIlcx¿ naturiQz of both se)<es " Although efforts to i¡rduce

Ae. vexans to rnate in cages tnder laboratory conditions har¡e net with

parLiaJ. success (Taylor and Brust L974), the requi::enents of tJ.is present

stuty were sucLr that a sufficient populaLion of young nated females could

r¡ot be provided by this tedrn-iqr:e. A æntim¡ous colony of Ae. vexans

vras nei¡ltai¡red ttr:ough i¡rduced jxsemination of fsnale irnagos. Ttre

teclr:-ique used was a npdification of the nethod reported by Horsfall

and Taylor (1967) 
"

Healthy nales, five to ser¡en da1æ oId, were found to b the npst

vigo::ous and suitable for nating, vfiile three to four day oId fe¡r'nJ.es

pr.oved to be \¡erl¡ r:eceptive to i¡lserni¡¡ation. The r=aring techrniqr.re,
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described for la::¡ae and pupae, pr:owided a relatively slmch:ronor:s efler-

gence of nel-es t'vüo to úJæe days prior to a similarily syndr::orrous

stergence of fenales. It was found that such a r"earilg nethod facilitated

Èt¡e use of adults of both sexes tl¡at we:e of unifo::n age"

Rates of j¡sslLi¡r,ation for Ae. ræ><a¡s fernal-es, used j¡ threse e>peri-

nents, v¡ere ænsistently hidl (gS-95U ) "

3. rNDIrætCbü, tvArNirBGNCE, AItrD TERMINATTON OF DTAPAIJSE

Inrzestigatior¡s on the i¡rduction, nuinternnce, and tenrü-nation of

diapa.r:se were carried out r:si¡¡g @r6:eratr:re and photoperiod as the pri-

nEÐ/ e>peri:rental r¡ariables.

(a) rnduction of Diapa.use

Preliminarlz oqærirrents :ævealed tLrat there \Áras a hi$r incidence of

diapar:se in those eggrs deposited by fernales vùricLr had been nai¡rtained at

a short-photoperiod (12L:12D). Conversely, those eggs deposited by

fenel-es vñich had been held at a long-¡*rotoperiod (16L:8D) e>ùrjlcited

Iitt1e or nc diapause"

Induction ÐperiÍrent 1. The fÍrst e>q:erinent was desigrred to determine

the effect of photo¡:eriod on ðifferent stadia of Ae. vexa.ris at 20o and

23oC. A short-photoperiod (I?IzI2D) and a long-photoperiod (I6L:BD)

r,re:¡e r:sed. S¡:ecific stages of the develoçxrental q¿cIe (Ia:n¡aer PiÐâê,

adults, and,/or eggs) were tra¡rsferred f::ccn t¡e short-photoperiod to

tåe long-photoperiod, a¡rd vice versa. After 21 days at the predetermiled

ptrotoperiod, the €ggs, de¡nsited by adult fernales used in these e>peri-

irents, werîe innersed in nutrient brrcth solution for 16 hor:rs. The

nr¡nber of lanrae, u:Lratched viable eggs and non-viable eggs wer.e recorded
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for eactr fuieaürËnt.

In conjunction w'ith tfris e>perinent, a str:rdy was jnitiated to deter-

mi¡le the incidence of i¡lstallnent hatctring in tbose eggs vùrich we:ie

rnaintai¡red at 23oc. Tbn egg batcLres (eaclr egg batch rep:esents the eggs

f::cnn one fermle) frcrn eadr conbinaLion of photcrperiod treatrrent were

sr:bjected to t¡ree separate hatdr attørpts. ltre eggs \¡¡eræ naintai¡led

at eachr photoperiod t:ræatnent for 21 days prior to tlre irlitial flooding
j:: nutrient bnotLr; all i:rftatched eggs we:æ:¡eturned to storage at 16L:BD

and 23oc for an ad,*itional 7-day period. Sdrsequently, the eggs vüere

flooded for a seærd tine and the nr¡ricer of la-:¡¡ae :æcorded. .As beforie,

arry r:rùatclred eggs were retu:=ed. to the l6L:8D insubator (23oc) for a¡l

additior¡al 7 days of storage before floodirtg a ttri-rd tine. lhe nrrnber

of eggs hafthed after eactr floodingr âs welr as the total-. nr¡rber of

eggs hatcled after three flooding attenpts, lrrere recorded.

Tndustion Elperfurent 2. A second experinent was cor¡ducted to determine

the i¡rts¡ral ::equì:red, after ovi¡rosition, for üre onset of enbryonic

diapar:se. Eggs' obtained fism 12L:12D fennles, v\7elîe sto:ed at I6L:BD for
a period of ìJp tþ 2l days. At predeterrni¡red j¡rten¡als of B, ro, 12, 14,

16, 18, and 21 days after ovi¡nsition, five to seven egg batcJees $rere

:enoved f:sn the storage dishes and flooded i¡r nutrient br"othr. The

follo,uing day, tlre nr¡nber of la:¡¡ae and unhatched viable eggs i¡r eacl:l

sanple were recorded. Ttris study was ca-rzied out using egg storage

telrperatr:res of 20o and 23oc.

fnduction turperi¡rent 3" For the th:ird e>perirrent, an inrrestigation

was undertal<en to deterrLine tlrs rlaify photoperiod(s) capable of irrducing

enbryonic diapause at three different tænperatr:res. At eaclr tenq:erat¡re
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of 2Oo, 23o, *.d 25oc, ¡npulations of Ãe. \æ)<ar¡s were ::ea:red th:ough to

the adult ståge r¡nder the i¡rfluence of varior:s photo¡:eriods (l.25,zl?Ð,

13L:11D, 14L:10D, 15L:9D, and 16L:BD). Eggs, deposited at eadr photo-

period, were transfened to 16L:BD j¡cubators for stor-age at 23oC. At

tJre end of a 21-day storage period, the eggs were sr:bjected to a hatctr-

ilg stimulus.

In order to dete::ni¡re the effect of egg storage tenperatr:res on

ttre i¡rcidence of erl5ryonic dia¡m:se, the abor¡e oçerirrenta-l desig,n was

altered slightly for tr,rc tørperatr:res (20o arul 23%). Scrne of those

eggs vltr-iclr had been deposited by fermles aL 23oC, under ttre influence

of eaclr photoperiod::egiire, wer:e tra¡sferred to a 16L:8D inculcator whid:ì

was held at 20oC. Similarily, sone of thre eggs vd-riclr had been 1a:ì-d by

fernales at 20oC, at eaclr photoperiod, were transfer:¡ed to a 16L:8D in-

sr:lcator at 23oC. Follcx,uing a 21-day storage ¡:eriod, all eggs were sub-

jected to a hatch:i¡lg stimuÏ:s.

fnducLion E>perùrent 4 " Thre last operinent i¡r this series was con-

ducted outdoors j¡r order to deterrnine the i¡rfluence of natr:raI photo-

¡:eriodic and tenperature regines on the incidence of enbryonic diapa.use.

Populations of Ae. ve><a¡s were :=ared through to the adult stage under

natural- photoperiodic regines i¡r the laboratory (23oC) to facilitate

tJ:e use of adults of r:niform age for rnatjng and blood-feeôing. Tkre

fernales of eachr population were nnted; sr:bsegænt1y, eaclr ¡npulation was

divided equally into gllotps A, B, and C. GroLp A fenal-es were p::ovíded

!,J:ith a blood neal- ser¡en days after eûErgence, isolated for cnri¡nsition,

and transfer¡ed fi:om tJle laboratory to the outdoor insectanlz, along with

tÌ¡e other rpn-blood-fed groìips. froræ B fenales r^rerre prowided w-ith a
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bId nÊal se\¡en days later, isolated for oviposition, and returned to

ttre ilsecta4r" In like fash-ion, Éot4: C fsreles were blood-fed ser¡en

days after froup B fernales, isolated for owiposition and neturr¡ed to the

ihsectarlz.

For:r ¡npulations, rDS" I, II, IIf , and. IV, of Ae. r¡sans fenrales

were ha¡rdled i:: the abor¡e IIEnner. All eggs deposited by these fernales

were collected rlaily and stor.ed on nylon pads ix covered petri ôishes,

in the ilsecta-r12, for 21 days prior to i¡nrersion i¡¡ nutrient b:¡othr. Egg

sarçles from two groçS of fenales (W *g a¡rd fV *C) were collec"ted a¡ld

stor=d for 2I days in a laboratory ilcubator set at 16L:8D and 23oC in

order to assess the effect of a storage tsrperatr:re, h:igher than the

outdoor tenq:erature, on tìe i¡rcidence of erirryonic ôiapause"

îrvo populatiorrs, ncs. V and VI, were r.ea::ed tlrrough to the adutt

staæ and rna:intaj¡ed at 16L:BD for seven days after errergence in the

laboratory" frotæ A fenal-es of each population were blood-fed on t.J:e

seventh day and then transfe:=ed, along with tl¡e r¡on-blood-fed C,roup B

fenules, to the insectarl¿. Seven days later, Gu4> B fe¡nates were pro-

vtded withr a blood neal- and rreturned to tLre i¡sectarlz for owiposition"

lüo Group C was established in th-is stu{2. Al1 eggrs were stored in the

Srrsectarlz for a period of 2L days prior to j¡nersion in nutrient br"oth.

ûle groq> of Ãe" \rexans adults, designated as Population VII, was

rrearred tl:::ough to tl:e adult stage and naintai¡red in the laboratory (23oC)

under a naü:ral photoperiodic rregine. Mated fenales we:re p::ovided with

a blood neal ser¡en days folloaring en€rgence and allc¡¡¡ed to oviposit.

Egge were ællected claily and stored, under sjmilar conåi-tlons, for 2I

days prior t¡ imrersion i:r nutrient btoth"
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(b) ¡hi¡ternnce of Diapause

Iiatring detern:i¡red the critical photoperiod and the develo¡xrental

sÞge :res¡nnsirze to photoperid for Ae" r¡e>a¡s, the follcr,arJng oçeri-
nents were perfo::red to determi¡e the inter¡siÇ of dia¡nuse in eggs

stor-ed for r¡arious periods of tj¡re"

I'lai¡rter¡ance Ðçeri¡rent 1. For this e>perirrent, batches of 21-day

old ðiapause eggs, obtained fram 121:12D fefi¡ales at 23oC, were flooded

in nutrient br:otlr to elimi¡ate ar¡y rnn-dlapar-rse eggs fi:om tJle experi-

nental- naterial. tlnhaühed eggs were then stored i¡r eittrer 16L:8D or

1?-L:I2D i¡reubators set at 20oC for predeterni¡red j¡¡tenrals of 28, 42,

56, 70, 84,98, and 112 days before j¡nrersion i¡r nutrient brrcth solution.

l4ai¡rtenance Þperinent 2. For.lr¡úeelc old diapar:se eggs, obtained f::om

field-collected fenales and nraintaired at 2OoC, were used i¡r this e>peri-

nent. Eggs frcrn indiwidinl oviposition pads wer-e pooled together,

randomly selecbed for transfer to nylon pads j¡ covered petri ðishes, and

placed i¡r ZOoC j¡rcubators set at either 16L:BD or IZLzI2D for storage.

At predetermi¡ed j¡¡ten¡aIs of 7,1.4, 28,56, and 112 days, 6 sanples

(of 30 eggs eachr) fr"crn eacJr photoperiod, were i¡nersed in nutrient broth

for 16 hours. IlnhatcJ:ed eggs were then :æturned to their original pads

i¡r covered petri òishes and stored at 16L:8D a¡rd 23oC for a¡r add.itional

14tay post-trreatrrent period. At the end of tlre second treatrrent period,

the eggs were reflooded j¡¡ nutrient broth solution. The nr¡rber of Ia-:¡¡ae

and i¡:hatct¡ed viable eggs \Á¡et:e recorded for eacl: flooding after each

t¿eatrrent period"
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(c) Termi:nlion of Diapau^se

ßre follcryri¡g e>qerinents were carried out w'ith dia¡nuse eggs jrr

order to assess the effect of lcnu ard hi$l tenperatr::es on the photo"-

pertodic r:esponses of diapa.using enbryos"

Termj¡¡ation Þperj¡rent 1" fþr:r'+¡eek o1d diapar:se eggs, obtailed from

field-collected fena-Ies and ¡rai¡rtaj¡ed at 2OoC, welre pooled and randcnùy

selected for transfer to nylon pads (30 eggs per pad) j¡l covered pet-Ii

dishes. TLre egg sarçIes v,ere tTren stored jn soC incr-¡l¡ators set at either

16L:gD or 12L:12D for treatnent periods of 7, J4, 28, 56, and 112 days.

At the end of ead:r ûeatment period' the eggs we::e t::ansfenred to a

16L:8D inculcator (23oC) for 48 hor:rs prior to innrersion j¡r nutrient

brottr solution. Llnharched eggs \^/etæ returned to the 16L:8D and 23oC

i¡rcr:bator for an additional 14-day ¡nst-treatnrent period. At the end

of th-is þ:eatnent period, tTre eggs we::e :reflooded i¡r the hatching nieÔir¡n.

The nr¡nber of la:rrae ar¡d untratchred viable eggs welîe ::ecorrled for

eacLr flooùing after each t::reatnent period.

TÞrrnination Ðçerj¡rent 2. Batctres of 28-day o1d diapar:se eggs,

obüli¡red f::om 12L:12D fernl-es at 23oC, \^¡ere flooded in nutrient broth

to elirrii¡ate any non-dia¡nr:se eggs frcrn the sanples to be used i¡ this

e>perirrent. ilnLratclled eggs were returned to their original pads in

cor¡ered petri ôishes, transfer:¡ed to a water bath rnainta-ined at 30oC,

determi¡red j¡rten¡als of 7, J4, 2I, and 28 &ys, egg sarq>les (six or

se\¡en bateJres) were :¡enoved fi¡crn the water bath and placed. at :¡oom

tenperatr:re (23oC) for t hour befo:ie incrersion in the hatch-'ing nediun.
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ltre nr¡rber of lanrae and unfratúed wiable eggs vrcre counted the next

day"

$er¡ni¡ration Þçerj:rent 3" As descrjbed for tTermination Elperinent 1',

for:r¡¿eel< old diapar:se eggs u¡ere used for this e>ç:erirrent. Hcxarever,

egg sanples $¡êrê stol=d i¡ a 30oC water bath, rather than 5oC incr:bators,

at photoperiods of 16L:8D or I?J,zL2D for treatnent periods of.'7, 14, 28,

56, and 112 days. At the end of each treatnent period, the eggs were

b:a¡sferred to a 16L:8D i¡rcr:bator (23oC) for 48 hours prior to innersion

in nutrient broth solution. Any trrhatctred eggs we:æ :æturned to the

16L:BD and 23oC i¡rcr:lcator for an edditional L4-ðay ¡nst-treatnent period.

At ttre end of thr-is storage period, the eggs were reflooded j¡r the hatching

nedir¡n.

Ttre nr¡nber of la:¡rae and unhatched viable eggs were recorded for

each floodi¡¡g after each treatnent period.
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GIAF{TER ÏV

RESULTS

1" TND{JSIICNü OF DIAPATISE

(a) Effect of shorb-day (L2L:L?-D) and long-day (16L:8o) phot¡periods,
applied to the develo¡rrental stages of Ae" ve)€.ns at 20oC, on the
i¡rduction of erbrlon:lc diapause.

It is appar:ent fr.crn the r^esults of ttrese oçerirrents (Table I) that

tlrose fe¡rales sr:bjected to a short-daylengrth, at either tenperature,

prodr:ced a sigrnificantly higher ¡:ercentage of diapause eggs ûran ôid

tlpse fernales subjected to a long-daylength. Alttrough the P, fe¡nales

e>ùjJcit. a str:ong response to photoperiod, it is evident that the pupal

sÞge is al.so r.esponsive to pfrrotoperiod; particularly, as is noted in the

shortdaylength treaürent at 23oC. A high variability in egg hatch

response is shcx,ar vùren the pupal sÞEe is si:bjected to a short-daylength

at 20oc.

With tlre exceplion of the tr=atrent in vf¡ich only the Ia:¡ral and

pupal stages were sr:bjected to a short-daylength (treaürent 5, Table I),

tLre percentage egg hatch was consistently higû'rer at 23oC tlran at 20oC for

all ænbj¡ntions of photoperiodic treatnents used.

(b) Hatchi.:rg response of Ae. vexâns eggs to repeated flooôings at 23oc

Th-is oçeriJrent was ca:ried out, in conjunction with the preceding

e>perirrent at 23%, in or&r to dete::nine if the e>perirrental design for

the assessrrent of tJ:e diapar:se condition irr Ae. ve)<ans eggs should in-

clude :=peated floodings.

As tJ:e results i¡r Table fI j-ndicate, vittually rp egg hatch was

for.rrd to occr-rr as a r.esul-t of a second or third hatdr atteûpt. All
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rÐn-òiapause eggs hatdred during the i:ritiar fIæding. The totar per-

centage egg hatdr for each c€{rbiïration of photoperiodic tr"eatrrent was

found to oorespond w-ith tlre ::esults sho¡m for the p::ecedilg oçeri¡re¡rt

(Table I) .

(c) Effect of tenperatr:re on the onset of diapa.r:se i¡r eggs frun 12L:12D
Ae. ræxa¡s fenales"

It was for¡'rd during prelimi:rar1z inr,estigations that tìe onset of

d.ia¡m:se in Ae" \¡exâns e9gs, obtained.frcrn short-pLrotoperiod fernales,

was :¡elated to the post-oviposition storage treatnent. In orTCer to assess

this relationship, rs^¡ eggs (<24 hor:rs old) frcrn 12L:12D fenlales \¡¡elîe

sto:red at a tenperatr:re of either 2OoC or Z¡oC tor a period of tæ to 21

days. All eggs werie st¡:¡ed at 16L:BD irr order to allc¡¿ a ccrparison of

percentage egg hatdr after 21 days w'ith that fornd il previous eryerí-

nents (Tables I and II).
As the resuJ-ts i¡l Table III j¡rdicate, the onset of ønbryonic dia-

pause is direcbly related to thre post-ovi¡:osition storage period and is

teng:erature dependent. Eggs flooded after a storage period of B or 10

days at 23oC were for:nd to e>fii-bit a significanlly lr:igLrer percentage

hatdl tl¡an did those eggs flooded after 16, l-8, or 2I days. At 20oC,

10-day old eggs hatclred nr¡re rearli Iy than úid eggs stor"ed for a longer

¡nriod of tjrre but less readily than eggs sto::ed for only an B-day

period.

For al.l treatnænt periods, witlr tlre exception of tLre 8-day storage

pedod, there was a sigrrificantly iuigher egg hatchr at 23% than at z}oc.

(d) Incidence of diapar:se in eggs frcrn Ae. \¡e><ans fenales of three
differcnt tenperature and five different photopriod treatrrents.

Itre pr:r¡nse of ttr-is experinent was to dete::nine vûrat range of photo-
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TABLE III

Effect of temperature on the onset of flìapause,.,in eggs from l2L:l2D
Ae.vexans females.Eggs were held at 20"C or 23"C for designated stor-
aæ-perÏ-od prìor to immersion'in hatching medium.

z3oc zooc

Egg No. % No. %

Storáge Viabl e Hatch Viabl e Hatch
(Dayi) Eggs Mean + S.E. Eggs Mean + S.E.

B s6z g4 .4 + 5. 39ul 231 7 o .7 + b. 68'l

l0 335 2"Bl 
. g + 8.24a 128 42.2 + 8.50 ¡

12 320 s59.2 +12.63ab 283 12.2 + 5.47 c

l4 323 s53.9+9.27ab 288 15.3+7.90 c

16 378 s?9.2 + 8.06 ¡ 224 4.5 + 2.80 c

l8 243 s31.6 + 7.89 b 304 4.3 + 2.59 c

21 186 s33.1 + 9.39 ¡ 283 6.2 + 2.61 c

I Common jetter following column indìcates no signifìcant difference at
5% level between percentage egg hatch for different number of days of
treatment. Student-Nev¡man-Keul s test.

2 Letter s preceding column indicates a significant difference at 5%

level between perðentage egg hatch at different temperatures for the
same number of days of treatment. Student-Newman-Keuls test.

Abbreviation: S. E.= standard error.
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periods and teryeratures induced fslnJ.es to produce diapause eggs "

F::ccn the r.esults sufima.rized in Table fV, anl &picted in Figrs" 2,

3, and 4, íL can be seen tÌ¡at diapar:se is arrerted in eggs &posited by

fenel-es v¡hidr were sr:bjected to a photoperiod greater than l5L:9D at all

tørq:eratr:res" Conversely, dia¡m:se v¡as for:nd il a hi$: percentage

(<50U) of the eggs deposited by feneles vùrich had been sr:bjected to a

photoperiod less than 14L:10D at any of tJre tr.e-atnent tenperatures. At

a plrotcperiod of 14L:10D, siErificantly feuer diapar-:.se eggs vtere pto-

duced by fernales nu.intai¡red at 25oC than by those fennl-es nraintained at

lq¡¡er teûperatures of 20o or 23oc.

(e) Effect of egg storage tørg:eratr::æ on the i¡rcidence of dlapar:se in
thre eggs of Ae. \€xaris fsr¡ales reared at different ccrrbjlations
of ptroto¡:eriõ an-a tenperature.

lbm tlre r=sul-ts shc¡sn in Tab1e V, and ilh:strated between Figs. 3

and 6, and Figs. 4 and 5, it was concluded that egg storage tenperature

infhenced tJ e hatcJ:abiliQz of eggs produced by fenales j¡r all photo-

period bæat¡rents. lulcst noticeable was the fact that there was generally

a significantly higürer i¡rcidence of diapa.use in those eggs stolæd at 20oC

than in tlrose eggs stored at 23oC.

Critical photoperiods for each tenperature ccnbination used j¡r thris

e>perfurent are shcn¿n in Figs. 3, 4, 5, and 6. As we1l, a critical photo.-

period is plotted in Fig. 2 for that population of Ae. vexans of vñ-ich

the females were held at 25oC for cnriposition and the srfcsequent eggs

pr"oduced were sto:¡ed at 23oC (as shon'n in Table IV). There is a con-

siderable shift i¡r tÏre critical photoperiod deterndxed for tlre various

¡npulations as a result of the tenperatr:re effect on both the eggs and,

the P, fenrales. Fbr that population of v¡l:ich the P, fernales were held
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Figure 2" fhe effeeb of photoperiod and teuperature on the

incidence of enbryonic diapa.use of Ae" \¡exans.

P, fernales vJere nai¡tai¡ed at 25oC for eachr of

tlre photoperiod U¡eatnents; al.l eggs were

rnair¡ta.irred at 23oc and 16L:8D for 21 days

prior to flooding. Ttre sritical photoperiod

r.e$aircd for i¡¡dusbion of dia¡nuse is i¡rdicated

by aræu on x-a:cls.
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Fig. 3, 4" The effect of photoperiod and terperatu:re on ttre

incidence of enbrlzonic diapause of Ae" \¡e>(ans.

Fig. 3. P, femJ-es vrel€ nai¡taiJred at 20oC for

each of tåe photoperiod ûæatnents; eggs were

rnaintained at 23oC fi:or 2I days prior to flooding.

Fig. 4. Pl fe¡ral-es were naintair¡ed at 23oC for

each of the photcperiod treaüænts; eggs \^rere

rna-intai¡ed at 23oC for 2I days prior to flooðing.

The æitical photoperiod required for i¡rduction

of diapar:se is i¡rðicated by ar::cru on x-a:<is of

eaclr graph.
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Fig. 5, 6" The effect of photope.riod and tenperatr.re on tlre

incidence of erbrYonic d.iapau^se of Ae" \¡e><ans.

rig. 5. PI fenales \^rere mÊLintai¡red at 23oc for

eadr of the photoperiod breatnents; eggs were

mai-:rtai-ned at 2Ooc for 2L days prior to floodi:rg.

Fig. 6. Pl fenales were rnai¡rtaj¡¡ed at 20oc for

each of the ptrotoperiod treatrnents; eggs \^rere

naintaj¡red at 20oc for 2! days prior to flooding.

flre criti-cal photoperíod req-uired for induction

of diapar:se is i¡rdicated by arzø,v on x-a:ris of

eacLr graph.
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TABLE V

Effect of egg storage temperature on the incidence of diapause in the
eggs of Ae.üãxans females reared at different combinations of photo-
pËÉloA añd Ternperature. A[1 eggs w6re mainta'ined at 'l6L:8D for each

itorage temperature of 20"C and 23"C.

Reari ng
Photoperi od
for femal es

(t-: o)

Reari ng
Temperature
for females

(oc )

Egg
Storage

Tempçrature
("c )

No. No. %

Egg .,VÍab'le Diapause
Batches ' Eggt Mean + S. E.

12:12

l3:ll

l4:10

l5:9

l6:8

23
23
20
20

23
23
20
20

23
23
20
20

23
23
20
20

23
23
20
20

23
20
23
20

23
20
23
20

23
20
23
20

23
20
23
20

23
20
23
20

29
l0
l8
28

?4
l8
21

36

3l
24
33
24

24
20
45
30

27
l9
45
29

1492
539

ll00
1261

913
922

I 089
I 389

I 340
I 035
I 903
I 013

I107
777

2452
I 373

1 060
812

2439
1692

?
68.1 + 4.27 n-
92.5 T 4 .33a
52.3 F 6.66 c
92.6 ! 1 .7Oa

62.7 + 6.17 ø
96.2 T 2.85a
73.3 T 5.58 ¡
69.4 a 4.74 r
47.1 + 5.59 ¡
84.1 F 5.54a
48.3 T 5.71 b
78.2 T 5.10a

7.5 + 3.23 c
T.2T 7.69 ø
7.4 + .ì.95 

c
59.0 + 6 .71a

2.1 + 0.75 n
7 .5 T 2.29a
1.0 T 0.27 r
5.7 | 3.25ab

Each egg batch represents the eggs ovipos'ited by one female.

2 Common letter following column indicates no

5% level between hatch response of egcs from
each photoperiod. Student-Neurnan-Keul s test.

Abbreviation: S.E.= standard error.

significant difference at
Ae.vexans females kept at
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at 20oC and tLF eggs stÐr€d aL 2OoC, the sritical phrotoperiod. was for.lnd

to ocsr-:r at ca" 15L:9D v¡hile for that population of wt¡idr tJre P,

fennl-es we:¡e held at 25oC and tlre eggs stored at 23oC, tlre æiLical-

¡ñotoperiod was dete::nined to be ca. 13L:11D" The :¡srainder of tlre

¡npulations examined Ðfuibited an i¡rtenrediate criLi-ca1 photoperiod

'r¡alr-e of ca" 14L:10D tn \Ar¿Lz9rÐ" F:s¡r the rresults of this e>q>erínent,

it is difficuJ-t to determi¡re v¡hether the egg or the P, fe:nale stage of

Ae. ræ><ans is nost i¡rfh-enced by arbient tsrperattres, with regard to

tlre initiation of erbryonic diapause at arry gir¡en photoperiodic regine.

It j-s Ínte::estj¡rg to ncte, hcnrever, that the greatest r¡ariability jrr

egg hatctr was found to occur at or near tlre poirrt on ttre response cu.lf/e

deternri¡red to be the critical photoperiod.

(f) Ihe i¡rcidence of dia¡nu^se eggs f::cun Ae. 1ç>¡atq fennLes e>qnsed
to natural photoperioðic and tenperatr:re regines.

FIsn previous er¡nri¡rents, it was deterrni¡led that thre incidence of

dia¡nr:se jrr Ae. ve)<aris \^7as a factor attributable, prj-rmrily, to tJee

i¡rfh:ence of the ten'g:erature and photoperiodic regi:res to vfiich the P,

fenale was sr:Jcjected (Tab1e fV) , or the influenc.e of the egg storage

tenperatr:re (Tab1e V) .

Ihis e>çerinent was conducted in order to assess the phenclogy of

enbryorric diapause r:nder natr:raI photoperioðic and ten'peratr:re regirres

tlrrroughout ttre sr¡nrer of 1979, arrd to determi¡le, r,rltrenever possiJrle, the

influence of tlpse paraneters previously associated witÌ. enbryonic dia-

paìJse" The results of tlr:is e>perinent are sulrmarized i¡r Table Vl.

þlevant tenç:eratur.e and photoperiodic data are shcn¡n in Fig. 7.

A r¡er1' lcnrv per.cenÞge (<5?) of the eggs ovi¡nsited by feunles
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TABLI VI

The incidence of diapause in eggs from Ae.vexans females exposed to
natural photoperiod ând temperáture regr-rnetTlI eggs were subiected
to a hatch'ing st'imulus 2l days fol'low'ing ovìposition.

No. No. %

Date of tgg , Viable DiaPause

Popul atj on Group Bl ood meal Batches ' Eggs Mean + S. E.

A B. VI .79 24 BZB I .3 + 0.75u2
I B 15.VI.79 22 1106 1.7T 0.89a

c 22.VI.79 39 1579 3.0 + 1.06a

A 29.U1.79 32 1379 1.0+0.47a
II B 6.ViI.79 35 l44l I .8 + 0.66a

c l3.vll.79 42 l90B 2.5 ! l.o4a

A l3.Vit.79 14 675 4.2+1.96ab
IrI B Z0.Vir.79 24 

'60 
3.5Fl.bla

C Z7.ViI.79 Zg 1073 l.6T0.5Ba

A 27 .UII .7I 22 800 78.2 + 5 .29 f
IV B 3.VIII.79 35 1412 82.8+4.43 f

C l0.VIIr.79 32 l37B 95.6 + 4.63 f
IV *B 3.VIII.79 l9 799 45.3+8.14 d*c lo.vlrr.7g 18 795 32.7T6.23 d

V **A I0.VIII.79 32 1950 19.5+3'71 c**B l7.VI II.7g l4 687 50.6 ¡ I .63 de

VI **A 24.U111.79 19 1222 16.l+5.49rc
**B 3l .VIII.79 29 l5l9 40.3+5.53 d

VI I ***A I 0. IX.79 34 I 301 60.0 + 3.74 e

* Eggs stored at l6L:8D and 230C, rather than at natural photoperiodic
añã temperature regimes, for 21 days following ov1positjon.

** Adults held at l6L:8D and 23oC for 7 days prior to transfér to in-
sectary.

*** Adults kept under a natural photoperìodic regime ìn the laboratory
(230C); ebgs stored under similar'conditions . 

t,l
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TABLE VI (continued)

1 Each egg batch represents the eggs oviposited by one femaie.

Z Common letter followìng coìumn indicates no significant difference at- 
S% level between hatch response of eggs from females of different
populat'ions. Student-Newman-Keul s test.

Abbreviation: S.E.= standard error.



Figr:re 7" Daylength sutle (su:rlight + civil ü/fülidtt) and

nean weekly tenperatr:::es recorded for Wirnipeg,

I\4anitoba (¿go SS'N - 97o 05'w) . Hours of daylight

obtai¡red fr"crn Smithsonian lvþtærologica1 Tables,

1966, VoI. 114; tmperatr:re recorded on lrlel<sler R

instn¡rent placed w"ithin outdoor ircectary.
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tåroughout Jr:ne and Jr:1y (populations I, II, ard IfI) were fotu-rd to be

in diapause, lrûrereas the eggs prrcduced by fønales of ¡rcpuration rv, in
early Atçrust, e>dribited a verì/ high peroentage (>752) diapause.

. Eggs of population rv fenales (gr:oLps *B and *c), vñich had beerl

returned to ttre laboratory for storage at 16L:9D and 23oC innediately

follorirg oviposition, e>dribited a sign-ificanLly higher percentage hatcJr

than &i-d those eggs of the sane population \^Èrich had been stored out-

doors at a lo,ver terg:eratr:re. Iüonetheless, the ¡:ercentage egg diapa.r:se

of population rV, gloups *B and *C, was significantly higher tha¡ thiat

found prewior:sly in either population I, II, or IfI.
lhose fenal-es of ¡npulations V and VJ, vrtLich had been naintai-ned

iJ:l the laboratory at 16L:BD and 23oc for se\.en days prior to transfer to
the insectarlz, pr"odr:ced sign-ificantly fe,rær diapause eggs than åid those

fenales of populalion 1V vñich had been najrrtained under a natr:ral püroto-

perioôic rcgirre in tlre laboratory for ser.¡en days post-energence. Grorp

A fernales of both population v and vr prodr:ced significanLly fø,ver

diapause eggs tJ:an did gror:p B fe¡nales of eitller ¡npulation.

Population \III fernal-es, rnaintained u'rder natural photoperiodic

conditions in the laboratory r-u-ltil oviposition \das ccrpleted, p::oduced

significantly ferer dia¡nuse eggs t]ran ðid fsrnl-es of ¡npulation rv,

groræs A, B, and c, but significantly nore diapar:se eggs thran any other

population w'ith tLre e:<creption of g::or-p B fenales of population V.

2" Ì"ß]}]IIBGNC OF DIAPAUSE

The follq¡ring *peri:rents we:ie perforned to dete::nine the effeçlts of
pre-treatnent storage tenperatures on diapause eggs, as well as the

intensity of dia¡nr:se in suctr eggs after storage for varior:s periods of
ttne"



45

(a) Effect of a shorL-photoperiod (I2L:L2D) arll a long-¡fiotoperiod
(16L:8D) on diapause eggs of Ae" \¡exans.

As the results gi\,en i¡ Table VJI i¡dicate, a \reaT high percentage

(>953) of the eggs stored at 2OoC r"enai¡red in diapause e\¡en after 70

days, the duration of the eq:eriJrent" Írere \ÂJas rÐ significant d.if-

fe:=nce j¡l the ¡nrcentage hatch of eggrs stored for periods of zB, 42, 56 ,

or 70 days at zOoC, nor was a significant differenc-e in egg hatch found

beb^¡een the troo photoperiodic regines used for this oçperÍ:rent.

At 23%, a fdgh percentage (>5OA) of the eggs rnai¡ta-ined at 16L:8D

were fcn:ni t.o hatch after 70 days, wherieas those eggrs nrailtai¡red at

J.2LzJ.2D were r¡ct found to hatch in significa¡rt nr¡rbers (>50?) after any

storage period of less tha¡r 84 days. Although the 12L:12D photoperiod

delayed egg hatcLr by about two weel<s at 23oc (Tbble vrr) , under t]-e

preponderance of test conditions enbryos welîe unresponsive to diffe:rences

in photoperiod. After 84 days at 23%, only a 1o,v percentage of the

egç r.ernained in diapa.r:se at eitl¡er photoperiod.

(b) Effect of a short-photoperiod (12L:12D) and a long-photoperiod
(16L:8D), as ruell as a 14-day ¡nst-treatnent períod at I6L:BD
and 23oc, on diapause eggs oi ae. \¡exans.

Fbr this e>perinent, diapause eggs werre obta-ined from field-
collested Ae. \Exãns fernales captr:red dr:ring ttre late surner of 1978.

the females \,cere nrai¡rtai¡red r-u'rder natr:ral photoperiodic condiLions in

the laboratoq/ and ttre &posited eggs wq¡e stored at 16L:8D and 2OoC for

twenÇ-eigùrt days prior to i¡rduction int-o tlr:i-s oq:eri¡ent. A srNrnary

of the results for th-is eq:erinent is presented j-n Table \rIII and shcn^¡r

in Fig" I "

v{Lrile ro significant difference in peræntage egg hatch between

16L:8D and 12L:12D was obss¡¡ed after 7 and 14 days at 20oC, a
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Fign:re 8. Effect of a short-photoperiod (12L:12D) and a

long-photoperiod (16L:8D) at 20oC, as well as a

14-day ¡nst-t::reatnent period at 16L:8D a¡rd 23oC,

on dia¡nr:se eggs of Ae. vexans.
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siErificantly greater nr¡tÕer of eggs hatcfied after e>posnre to the long-

¡fiotoperiod for 28, 56, and 112 days than did after e>posure to a short-

¡*totoperiod for tlte sane treatnent periods. At eaclr photo¡:eriod, the

¡erænt:.ge egg hatcJr increased with the lengrth of the tr.eatnent period;

a hidl percentage (>5OA) of those egç stored at 16L:8D ard 20oC hatcfred

afber 28 days e4)osure, vúlereas at LZ5":LZD, a treat¡rent period of rr2
days was reguired before a significant pr:oporlion of the eggs could be

induced to hatd:r.

The results of the 14-day ¡:ost-tr.eatîÊn't period revealed nc sig-

nificant differ"ence between percent:.ge hatch for those eggs sto:ied at

16L:8D and 12L:12D for either 7 or L4 days. Hodever, a sigrr_ificant

j¡tsrea-se i¡r hatch was noted for eggs frcrn both photoperiod treatrrents

Ì^ftich had been sr:bjected to a post-treatnent of 16L:8D and 23oC after

storage at 20oC for 28 days. AÌttrough no significant i¡rcrease in hatcLi,

due t¡ tJre 14-day post-treaürênt, was for¡-rd for eggs vfuich had been

stored at 16L:8D and 2OoC for periods of 56 or !L2 days, a significant

incr"ease in hatch did occur as a resurt of the post-treatîEnt of eggs

vftich had been sto¡-ed at I?J,zI2D and 20oC for the sane treatnent periods.

The resgnnse of the l.2Lzl-2D eg9s, vüLLicLr had been stored at 20oC for 112

days, after the 14-day post-treatnent period was not significanLly

different frcnn tl¡e r€sponse of the 16L:8D eggs which had e>perienced

tJre 14-day ¡nst-t:reatnent follcnrìlg 28, 56 ar¡d 112 days storage at 2}oc.

TERMÏNATION OF DIAPAUSE

Effect of a lcxp teng:erati:re (5oC) ! as well as a 14-day post-
treatnent period at 16L:8D and 2fC, on dia¡m:se eggs ee. r¡exans.

All diapause eggs were cbtai¡red frøn field-collecbed Ae. vexa¡s

fernales captured ù:ring tåe late srlrner of 1978. Follorrilg de¡nsition,

3.

(a)
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the eggs were sto:æd at 16L:8D and 2OoC for 28 days prior to initiation

of this e>perinent"

Ttre pri:nary objectirc of ttris e>q:erinænt was to ascertai¡r the effect

of a 1s¿ @rpe::atr:re (SoC) on tle dia¡:ar:se oondi-tion iJr Ae. \¡e)<ä,n.s eggs.

Secondary objectives vrere: i) to determi¡re the influence of a long-

photoperiod (16L:8D) and a shorL-photoperiod (12L:12D) on enbryonic dia-

pairse at a 1cn¡ tenperatr:re; ar¡d ii) to assess ttre effect of a 14-day

post-treatnent at 16L:8D ard ZfC on any urñatclred eggs folloving eacJr

lou terçerature treatment period. ttle results of this e>çeri¡ent are

srlmarized in Table IX and shcr¡n in Fig. 9.

fhe length of storage tj¡re at 5oC had a significant effect on the

percentage hatch of .Ae. \¡e)<ans eggs. A r¡erT Lr-igh percentage (>85?) of

the eggs, neintained at either photoperid, renai¡red in ðiapar:se for at

least 56 days. Hcx¡¡ever, after 112 days at 5oC, less tJ:an 5% of the eggs

were found to :¡en¡ai¡r in diapai:se. No sigrri-ficant difference in percent-

age hatde existed between eggs stored at either of tt¡e ti,o photoperiods,

except at the 28-day sanple perid v¡here only a slightly significant

diffelence was obsen¡ed" The effect of photoperiod on dia¡nuse eggs

appeared to be rnasked at thre 1oø tenperature.

Although tlre 14-day post-b:eatrrent produced no significant j¡¡crease

in hatch follo,ving tbre 7- and 14-day 1or tenperature treatzrent, a sig-

nificant differ.enqe between tl:e first and second hatcfi rÁ/as very apparent

foltcnving the 28- and 56-day treatrrent. This response to tlre 14-day

¡:ost-treaürent was not r-rrlike tl¡at shcn¡: in Table VlIf for egç wh-ide

had þen treated at I2LzI2D and 20oC for priods of. 28 or 56 days prior

to the post-b:eatÍEnt period. No effest on egg hatch, due to the 14-day
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Figurc 9. Effect of a short-photoperiod (12L:12D) and a long-

photoperiod (16L:BD) at 5oC, as wel1 as a l4-day

¡nst-treatnent period at 16L:8D and 23%, on

diapause eggs of Ae. ve:<a¡s.
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tr)ost-ta€â.trÊnt, h¡as noted following the 112-day þ¡eatnent at 5oC si¡rce

the ¡ærcentage hatdl was very high (>95?) for the irritia.J- flooding"

Egg viabiliQ'was rpt adrrersely affected by storage of diapause

eggrs at 5oc for a ¡:eriod of rp tÐ II2 days.

(b) Effect of a shorb-photo¡eriod (I?J,:LZ-D) and a long-pfrrotoperiod
(16L:8D), irr cofibination w'ith a hisr teng:erature (30oC), on
diapatrse eggs of Ae. ræ><ans"

Dia¡m:se eggs whiclr had been obtai¡red frcnn 12L:12D fennles ¡naintaj¡ed

aL 23oc, and sulcseqr:ent-ly sto:æd at 12L:12D and 23oC for 28 days, were

used for tLri*s e>perinent" Prior to tåe ÐperiJrent, al-l eggs \'rere flooded

i¡r nutrient broth to eljmi¡ate any ron-åiapause eggs from the sanples.

In onder to deternine if a sinn:ltaneous i¡rfluenoe of fLigh terperature

and long-photoperiod coul-d increase the percentage hatcle in di-apar:sirg

eggs, batdres of eggs were sr.:bjected to a tenperature of 30oC and a

photoperiodic regine of either 12L:12D or I6L:BD for treatnent periods

of -7 , 14, 2I, and 28 days

The ¡esult-s of the e>perùrent are given j¡r table X and j¡rdicate

that, at a high teng:eratr:re, tJrere was no significant difference in

percentage hatch between eggs naJntained at L2L:I2D and 16L:BD. E>po-

su:re of diapar:se eggs to 30oC for a treatnent period of 7 days or nþre

resulted i¡ the termirration of the ctiapa.use ænditi-on i¡r a hid-ì percent-

age (>80ã) of the eggs at either photoperiod. The termi¡ation of

enb4onic ðLa¡nr:se appeared to be dependent q)on e>posu:re to a higùr

tenperature rather than e>qnsr::æ to a long-photoperiod (as previously

shcx,yn i¡¡ Table VII), i.e. the i¡fluence of photoperiod is subordinate

to the effect of hi$r teng:erature.
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(c) Effect of a high tenperature (30oC),
breatment period at 16L:8D and 234C,
lEXanS "

as well as a 14-day post-
on diapause eggs of Ae"

Diapause eg9s, obtaj¡red frcm field-collested Ae" r¡e><a¡s females

captr:red during the late sufiner of 1978, r{ere r:^sed for this e>çerjnent.

Follouilg owiposition, the eggs were nnintã-ired at 16L:8D a¡rd 2OoC for

28 days prior to i¡rdi:ction i¡rto tfie e>q>eriïÊnt"

The puqpose of tlr-is strrdlz was: i) to detenoine if a high tenr

peratr:re of 30oC æuJ.d termilate dia¡nuse as rrea¡iily i¡r eggs v¡trich had

been stored at 20oC as r^Ias for:nd for eggs which had been stored at 23oC

(as previously shc¡,¡¡:r in Table X); ii) to determine the longewitlz of eggs

storred at a high tenperatr:re of 3OoC; and iii) to assess ttre effect of a

14-day post-breatnent of 16L:8D a¡rd 23oC on any r:rùratched eggs follo^rJng

the j¡ritial- hatch at@rpt.

As :iesults giizen j¡r Table )f and Fig. 10 i:rdicate, tlrere was no

sigrr-ificant difference in egg hatch between I?J,zI2D and 16L:BD photo-

periods at 3OoC. A very high peræntage (>85?) of tlre eggs hatclred

after 14 days at 30oC. An equally higùr percentage (>803) of those eggs

whích had been stored at 23oC hatcLred after only 7 days at 30oC

(Table X) .

!.lhiIe there was no i¡dication of enbryonic norta-lity witlr-i¡ the

first 56 days of the e>çerirrent, it was found that only a fo,.v elrÌcryos

we:re able to sr:nrii,e a storage ¡nriod of II2 days at 30oC, at either

photoperiod. In npst i¡lstances, those enbryos which were able to

sr:nrir¡e tlre storage period died during, or shortly after, hatdri-ng

fipm the eggs.
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Fi$lre 10. Effect of a shorb-photoperiod

photo¡:eriod (16L:8D) at 30oC,

(12L:12D) and a long-

as well as a 14-day

post-treatnent period at 16L:8D ard 23oC, on dia-

pause eggs of Ae. ve:<ans.
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Tlreræ vras rÐ sigrrificant increase in egg hatch as a riesult of a

second hatdr atteÍpt. fîre 14-day post-treatnent effect on r¡'rhatched

eggs was sr:bordi¡ate to tJ:e tr-igh tengreratr::re t:::eatrrent"
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GAETER V

DISCIFSICb{

INDÜCTTCDT OF DIAPAUSE

t'Iany inestigators hanæ ènpnstrated tl:at tl:e effect of photoperiod

is cr¡ru¡latir¡e and that often ttre photoperiodically ser¡sitir¡e stage of

an insect precedes the stage associated $dth diapause" Varior:s nps-

quito species har¡e been found to exfLibit a similar dia¡m:se i¡rduction

r€sponse.

fTcm tlre :¡esults of the *çerinents sunmrized in Table I, it is

evident that diapar-:se i¡¡duction i¡r Ae. vexans eggs is the r:esu1t of a

cr¡rulative effect of photoperiodi-c i¡rfl-rence on the pr^eceôing develop-

nental stages. For the npst part., these data ccnpare far.orably with

that obtaired by Wilson and Horsfall (1970) and sho'v that the Pt fe-

rnale is the stage npst ser¡sitive to day-length. Ho,ver¡er, the::e is

evidence to sr-rggest tlnt the pr-pa1 stage, as well as the adult stage,

e>ùri-bits a ¡*rotoperiodic r€sponse. It is rpted that, for the higher

tenper-atr:re treatment (23oc) , a sign:ificanCly higher incidence of dia-

pause eggs was obtai¡¡ed f::cun 16L:8D ferna-tes vñich had been sr:Jcjected to

a short-photcperiod as plpae than was obtai¡red fr.cxlt 16L:8D fsnales v¡hich

has been sr:bjected to a long-photoperiod dr:ring the pqpal stage. As

stated by de Vlilde (1962), Ftrotoperiodic induction of diapar:se is nostly

:¡eversiJ¡Ie l¡r U:e sensitlve stage; photoperiods v¡hich induce dia¡:ause

are rDlie ea-.ily rever"sed by photoperiods r¡¡hich prcrote further èvelop-

nent ûan in the in¡¡erse case. It is to be e>q>ected, if sræh is the

case, tt¡at the incidence of diapar:se eggs will be partially determir:ed

by the photopriod to vñich the Ae. \æ><ans pupae a-:re sdcjected. It is
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ærhaps atrpropriate that rp evidence of pr:paI sensitivity j-s a¡4:a_:rent

i¡r ttre lcx¡¡er tenç:eratr::æ treatnÊnt (20oc), since tlre pr^olonged Ðposure

(dLe to a slsper develo¡xrental rate) of adults to a gilren photoperiod

at the lcn¡er terperatu::e woul-d facilitate sufficient tfure (ræquired day

nr.urber, as discussed by sar¡-rde::s L976, and Beaclr L97B) for ccnplia¡rce

w"itlr the ìnfh-lencing plrotoperiod.

The effesb of tetrper"atr:re on tÌ¡e j¡rcidence of dia¡nuse ix Ae.

\¡exar¡s eggs has been denonstrated by others (I{ilson and Ho::sfa11 1970;

l4cllaffey I972b) ar¡d is appaaent. fi:crn the data provided in this thesis.

Despite only a slight difference i¡r the ïange of tørperatures tS%l used

i.rr my e>perirrents the tr-igher tenpe::atr:re (23oC) eaused dia¡nuse to be

an¡erted in a portion of the eggs examined, vùrile the Is^¡er tenperatr::æ

(20oC) sen¡ed to enhance tìe ôiapai:se l=sponse.

VÛr-lle it is ewident, fnxn my oqæriments, that diapause ís averted

in a significant portion of tàose eggs ovJ-¡nsited and rnaintained at 23oC,

the :results of tlre re¡:eated-flooding e>perinent (Tab1e IT) shc¡¿ that

tÌ¡ose eggs wl-tictr had e>d:jlcited a diapar:se crondition fo1lo,.ring the first
hatdl attenpt æuld rpt be i¡¡duced to hatchr duri:ng sr:bseqr:ent hatch

atterpts. It would appear tl¡at the diapause condition is :re1ativeIy

r,'e11-established and stable, ilr suchr eggs, after a 21-day post-owiposition

stor^age period. Conr¡ersely, the data in Table II al.so ith:strate the

fact that eggs obtained fi:crn Ae. \rexans fenales vñid: a:re reared a¡rd

ænditiored r¡nder ænt::olled corditions will hatch in toto wtren sr-fcjected

to an apprcpriate hatúing stj¡rn:}:s. Whreæas Ae. r¡e>ø¡s eggs vùricle have

been obtained f::crn natural cxniposition sites i¡¡ tJ:e field ust+ly e>ñibit

a variable hatd:ring response (Wilson and Horsfal-l 1970; Inorsfall et al.

1973), litLle or nc j¡cidence of i¡stal-hrent hatclring was fornd in
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laboratory nn'teria]- thrcughout the oou::se of ntrz e>çerinents"

F\¡rther to tlre effect of terper^ati:re on the i¡rci&nce of enbrlonic

dia¡:ause, as discr:ssed previor:sly, the onset of erlcryonic dia¡nr:se !üas

found aLso to be direclly related to the post-cnriposition storage

tenperatr:::e as well as to the lengttr of the post-cnriposition storage

period (Tab1e III) " Gerrerally, the oq>:ression of enb4ronic dia¡rause

was found to occur w:ithin a shorter period of tine and in a greater

m¡rber of eggs at the lover tenperature (20oc), as @Tpared to thre

:¡esi:lts of the hiÉrer tenperature storage (23oc). Ttre r.esults of the

16-, l8-, and 21-day post-owiposition storage period not only denpnstrate

the significant diffe::ence i¡r the order of egg hatchability betr^¡een the

tl^¡o teÍperatuæ tr'ea'tnents, but also ttre degree of wariability i¡ hatch

rîesponse e>òibited by the eggs. It is pnesured, thelæfore, that a

si¡rLilar hatdring r€sponse would be e>ñil¡ited by eggs deposited i:r

natural- oviposition sites and coutd accor:rrt for the erratic hatcLring

tendencies of Ae. \,e>çans eggs descrjjced by Ho::sfall et ar-. (1973) .

The tenperature-dependent :ies¡nnse e>ùribited by eggs from nrcsquit-oes

:=a:red under tlle influence of a short day-lengihJ: has been shcr"¡r to be

dirrecLly related to the seasonal decrease of terperatr:re in autr¡nn. The

photoperiodic and terperature adaptation by Ae. r¡e><a¡s adult fsnales is
ftrther enhanced by a tenperature adaptation by ttre deposited eggs. Ttre

ability of i¡sest species to i¡¡c:¡ease their fi:ost-r:esistance, fo11cxøing

the onset of diapar:se, as a ::esu1t of the toughen:ing action of lq^,

teq>eratr:res IIBy be of ecological significance es¡:ecially dr:ring winters

of i-itLle srsiv or during se\¡ere tenperature declines in atrtum

(Daniler¡skü 1965).
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Ae. r¡e:<ans e*tibits r,ehat Becf< (1968) :¡efers to as a "\Tre I" in-
dræLion cur¡æ (long-day :respor¡se) in r¡/tLich relatively long daylengrths

tertd to fa¡¡or conti¡¡r-¡or¡s gF:cnl¡th v¡trile shorb daylengths far¡cr diapar:se.

consistent wit¡ì the æncept of criticar dayleng.th provided by Becf<

(f968), the 508 r'esponse ¡nint on tJle population resporìse çlu¡1¡e lvas

chosen to :iepr:esent tlre critical daylengtå in nry e>perinents. Ttre in-
cidence of diapause i¡r eggs deposited by Ae. \,rìe)<ans fsnales frcsn

ùifferent tenper^ature and photo¡eriod t¡¡eatnents is plotted as diapa¡se

response cuftes shcn'ar in Figs. 1-5 (Oata sr¡rrrarized fism Tables IV and

V). At. all ørbinatior¡s of @rperatr:re treatnents used, a h:i-gh ¡:erænt-
age of those eggs deposited by short-photoperiod fernal-es were induced

to diapa.r:se" Cornersely, a verl¡ 1o¡l percentage of those eggs deposited

by long-photoperiod fsrales e>ù-ibited a dia¡rar:se ændition. Ttre

sritica'ì daylengrti was slrov'm to be di-rectly :¡e1ate<l to i) the tenperatr.ire

at vùriclr the fenales \,.rere ::eared and alls,ved to owiposit, and ii) the

tenperature at vñich tl:e eggrs we:æ nrai¡tai¡ed prj_or to floodi¡g. Ae.

\¡exans fernales, inaintained at a lq¿ tenperatr::re, are i¡rduced to owiposit

diapar:se eggs at a longer dayleng,Fh than arre those fennl_es v¡tricLr are

maintained at a ll:iÉrer tøçeratr-:re. The data frcsn Table V crcj¡rcide with

and firrther aìrgrrent those a]-:read}z obtai¡red jn srpport of the effect of
egg storagte tenperatr:re on tl:e i¡rcidence of erbryonic diapa.r:se. photo-

periodic irductJ-on of d.ia¡nr:se j¡r ee. \¡exans populatiorrs r¡aries witi-in

a b::oad range of photo¡:eriods, with rariation being accounted for, jrr

large part, by arbient tenperatr-ue conditions.

The findings of B:æeland et al. (1965) nny weII iLlustrate tlre
adaptations of geograplr-ically isolated Ae. r¡e:<ans populations to photo-

¡eriodic j¡rductj-on of diapar:se. Er¡en without the benefit of relevant
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tenperature data associated with t¡e &velo¡xrent of tJle light-sensitive

stages of eaclr ¡npulation, it seens appropriate to ::egard the difference

in the initial- hatrhing æstrÐnse þbrreen the Mi¡nesota arul Alabana eggs

to be, at lea-st, partially attributable to variation in critical day-

lengths characteristic for ea.dr population. fi:e hatching :esista¡ce

e)ùibited by l4innesota eggs dr:ring ttre early fal.l nrcnths lends slpport

to tl:e vis¡¡s of Danilevskii (1965) that ttre onset of diapar:se ocsurs at

a¡r earlier eÂleû1ar date in norbhern zones due to an eoologically-

unified nedran:i-sm r,utrerreby the photoperiodic i¡rdusbion of diapause i¡r-

creases as anbient tenperatr-res decrease.

Dr:ring at attenpt to delineate the phenology of Ae. r¡exans popri-

latior¡s wittri¡r the i¡nrediate WinnipeçJ area, it was foi:nd that tlre onset

of diapause occurred at a¡r earlier calendar date ttran was origirlally

antici¡:ated for this species. Ihe ::esults of a prelindrrarîy i¡¡r¡esti--

gati-on, carried out duri¡lg the sunÍEr of. 1978, rer,zealed that a hidl
j¡rcidence of diapar:se \¡üas appar"ent i¡r eggs de¡nsited Jl mld-Ar:gn:st

by wild-caught Ae. r¡e>c¡ls fqnal-es. A sricsegr:ent irrvestiga.tion, conducted.

during the sr¡nrer of L979 (Table vJ), ænfi::red t}le onset of diapause

irr Ae" \rexans eggs whidr were de¡nsited j¡ an outdoor insectarl¡ dr:rilg

tJ:e first weel< of Augr:st. rt was detenni¡red ttrat the e>pression of

enbryonic diapar:se was photoperi-odically indr:ced dr:ring tlre p, adult

stage, while tlre incidence of diapar:se eggs was go\¡erred by egg storage

tenperatures. Tlris conclusion is srp¡rcrted by data p:rcduc-ed dr:ring

laboratory e4:erinents (Figs. 1-5) 
"

a ccnparison of egg diapause betr¡¡een grcip C, pop" III and group A,

pop" rv is of particular j¡lterest. since the eggs of bth groìr)s were

nEdlrtajhed r¡:der identical tenperatr-:re and ptrotoperiodic regirres prior
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to floodin9, tlte differenc-es in egg diapause car¡rpt be attri-buted t¡
envi:ronnental inf}:ences on tlre egg stage. rt is rpted tllat, follcnui¡g

a blæd meal on Jvry 27, 1979 | tåe p, fenrales of botå grcLps were sr:b-

jected to identical t€nperatu¡e and photoperiodic :ægirres, as were the

eggs produced by the p, fernares of eaclr gr.or-p" seøningly, t¡e fenares

of ¡:opulation rrr were infh:enced orrly by the dayrengrth rnitially
e>perienc-ed (>critical daylenglì) ar¡d rot by the shortened daylength

(<criLical daylength) e>perienced by tÌre ¡npulation ïV fenales. ïf
suclr is the case, it æu1d be arg,ued thrat the curn:lative effest of a

long-daylength, once well-established in an i¡rdividual, is not altered
or reversed by a continuor¡sIy dec::easing daylengthr. rt is estinrated

that tlre nÐrimnn differenc,'e i¡¡ daylength (su'rlight p}:s civil twili$t)
e>perienced by fernales of tlre tv¡o ¡npulations \,,üas ca. 30 mi¡rutes. rn
consideration of the obvior:s differ.ences in the incidence of diapause

e>d'ribited by the eggs ft:om popuration rrr and population rv, tie:re is
ræason to assure that ttre critical dayrength is quite sharply defined

ard d:aracteristlcal-ly occurs prior to the last week in July for 1ocal

Ae. r¡exa¡s populations.

There is also evidence to suggest that npderatery lqú (ls-zooc)

a¡rbient tenperatr:res \^¡ere partially res¡nnsible for the high incidence

of ôiapause in eggs of populati-on rv. Eggs of population rv (grroræs *g

and *c) b7Lich were n¡aintaj¡¡ed at 23oC, foIlø,,ring owiposition, e*ribited
a sigrLificanLly lcx¡ær dia¡nr.:se incidence than did ttrose eggs fr:crn

¡npuration rv wlLiclì wqre stored i¡r tlre outdoor insectarlz.

During this inr¡estigation, an apparent :¡erærsal of plrotoperiodic

i¡rf-ltænce was for-rrd to ocsr:r in a fq,y grolæs of fenla-l-es v¡hich were
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tra¡rsfer:¡ed to the or-¡tdoor insectâry" !.]h:ile gaoræ A fernales of popu_

lation V produced relatiirely fe¡r diapar:se e99s, suclr a t:esponse \das not

ute>çeebed since tl¡ese fennl-es had been rai.:rtãined at a long-daylengrth

(16L:8D) prior to tra¡rsfer to tlre insectarl¿. HcÃde\¡er, a significantly
g:reater nr¡rber of diapar:se eggs were produced by ga:oup B fernales vùrich

hêd been srd5jected to a 14-day eq)osure to r¡atural terçeratr::re and ¡*roto-
periodic reg'ines follcnring an initial 7-day Ðposure to a 16L:gD photo-

¡:eriod- It was concluded tJlat a rer¡e::sal of photoperiodic infh:ence,
in addition to a shift in critical daylengtå as a result of a Iq¡¡er

anbient terq>eratrre, facilitated ttre i¡rdustion response e>fribited by

group B fermles. Altlrou$r the effect of fluctr:atilg anbient teçeratr¡res
on tl:e femal-e response ca¡¡rot be confir¡red, it is notø,,orthy (ri-g. 7)

that tsrperati:res eq:erienc.ed in August r^¡ere approxinrately equal to tenF

¡:erati:res e>perienced in ,lune; ttre incidence of diapause j¡r Jr¡-re appeared

r¡ct to be related to such ani¡ient tenç:eratr:::es. I1:rther, the res¡nnse

of population VI fernales we:æ paraJ-lel to that of populatj-on V females

despite tlre fact tt¡,at fenales of population Vl were sr:bjected to tenr

¡reratr:res \^ùriú we:æ noticeably Ic¡,ver.

Tro date, very little i¡rfonnation has been prowided regarding the

lighL intensiQz ttr::esholds to l¡¡frich the i¡arious develo¡riental stages of
nosguitoes aJ:e sensitiize. A :ielat-ed studlz, conducted by BeacLr and Craig
(1979) 

' has i¡rdicated thlat Ae. ab¡opalpus operiences an aslnuptrical
day since tlre sr:bjectir¡e day began 1-2 hours before suulrise a¡rd ended

less than t hor:r before stnset. The r"esults of their studlr have inplied
that the di-apar.:se ¡f:otoreceptor(s) perceived lcpver lidlt ler¡els at d^a.,vn

than at dusk" Simtlar evidence of an aslzlnretrical day was ptowided by

Bradst¡aw (1972) for Graobon:s anericanus. Ttre reduction i:r light
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sensitivity at dr:sk was attributed to a païtial bleactrilg of t}re pignents

in thp plroto:æceptor(s) dr-rring pnolongied Ðpostue to light (Bradshar,v

1972) "

Light irrtensity th::esholds for photo¡nriodi-c reactions are generally

::egarded to be qìrite 1cn¡¡ (0.025-25 h¡<) for nost insect species j¡¡¡esti-

gated; Iid-tt ixtensities abor¡e tlr-is range appâï to satr:rate the photo-

:æceptor(s) tlrer^eby car:sing jhsects to res¡nnd i¡r an identical fashion to

eitÌ¡er lorv light intensities or full sunright (sar.u'rders 1976). sj¡rce the

tftresi¡ctds a:e r:sually belou tt¡at of the ar¡ailabIe light at davn: or dusk,

the effecth¡e "natur:a1 pürotoperiod" vùrich nay be perceived by ilsects

should include both cal-endar daylengtå and tlre tr^ao periods of civil
ü,^rilight (de wilde 1962¡ Saunders 1976). Hcnvever, early illuni¡¡ation
(dð¡/n) Ítay Lle renderred ineffective if nornilg terperatr:res are too lo,v

(de wilde 1962).

In visp of tlle perplexities associated with a defined light in-
tensity threshold, it is difficult to ærpar"e nÊasureflEnts of critical
daylength derir¡ed f:rom laboratory studies on Ae. \ie>Ë.ns wíth those

derir¡ed r:nder natr:ral terperatu::e and photoperiodic regines. The accuracy

of tÏ¡e estjrrated critical daylength for:nd to ocsur j-n Ae. vexans popu-

lations Íainta-i¡ed outdærs (Table Vl) is supported by p:reviotf,s plîe-

limi¡ary inrestigations on w-ild-caught Ae. \¡exans ¡npurations. There

is little dor:bt th,at eggs, pr:odr-rced by 49. \re)Õns populations in the

winnipeg a:rea during tJre latter ¡nrbion of the npnth of July, wirl
exlribit a lsu order of hatd¡ability due to the onset of dia¡nr:se.

Cerbainly, ænsideration must be g.ircn to anbient tenperatures i¡r order

to assess the period of Li¡e r.eqrrired for e>pression of the diapar:se

condition in the egg stâEe" A graph depicting daylenqÈJr (incrr:sive of
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civil trfliughts) , slrcn¡n in Fig" 6, p:ovides a ::elaLionslr_ip beüøeen the

llêtural photopriod *perienced at this latitr:de (¿goss tN) and thre data

sumnarized i¡r Table VJ" Tlo suggest that .Ae. r¡exans is indrred to dia-
pause at any daylength ress tlnn 12 hours (July 20t}l) r,rculd r¡ot be

consistent witå the findings of previously descriJ:ed laboratory operí-
nents r¡cr with tåe findings of others (Smith a¡rd Bn:st L97I¡ Errans and

Brust 1972¡ Taylor 1973¡ Kalpage a¡rd Bn:st L974) for ser¡eral nosquito

q>ecies ocEllfiÞn to ttr:is latitude" here is reason to speculate, the:re-

fore, ûtat Ae. \¡exans rnay atso oq:erience an as)ãnretrical day, as i_s

sr:ggested for Ae. at¡ropalpr:s (Beach and craig IgTg), or be sensitive to
a light intensity th:eshord which exceeds t]:e range of that proposed

by Sar-rrders (1926) " Ðperirrents &sigrred to elrrcidate tÌ¡e light. in_

terìsity tÌ¡:æslnId of Ae. \,æxans popurations are r¡eeded.

Íhe fact ttrat rnany nn:ltir¡olti¡e ir:sect species aræ photoperiodically

induced to enter a dia¡ni:se corrdition di:ring the sunrer nonths when

tenperab:re and otl¡er reguired ænditions a::e favorable has been well
doqnented. crearly, it ís evident that Ae. vexans nu:st be nu¡bered

anl)ng tlpse species e>ùribiting such a rîesponse. Although eggs deposited

by long-photoperiod adutts rnay døronstrate a reduced hatch after a 4¡,veek

elPosure to tenper:atures in the 18oC range (Wilson a¡rd Horsfall 1970),

the abiliW of tlrese eggs to su:rrive extended periods of adr¡erse con-

ditions n}Ëry be descrj-bed as r¡ariable. Unless sucLr eggs a:re srÍcjected to
lorv tenperatures soon after ovi¡:osition, considerable :æsen¡es of nutri-
tion could be oçerxled prior to the onset of diapar:se. Ttre èpletion of
nutritional lîeselr,zes could adr,ærsely affect the p:ioducLion and nai¡rtenance

of certain bioclremical prcdr:cts requi:ed dr:ring the dia¡m:se ocndition
(I4ansingh l97l). ttre ecological significance of early dia¡nuse,
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dra::acteristic of locar J\e" \¡e)<ans ppr:lations, is that the eggs r_rr&rgo

the appropriate physiologÍcal adjr:.strrents, incl:ding a r.edr-æd ::ate of
netabolis¡n, \rer1u soon after oviposition. Oold-hardi¡ress, as well as the

i¡tensity and dr-:ration of diapause, is iniærsely pro¡nrtional to the

rate of netabolisrn, i.e. tlre lqper tle rate of netabolisn, tJre gnreater

is æld-hardj¡tess, and i¡tensity and duration of diapause (Irdarsingh 1971) .

Tt¡ose eggs failing to enter diapause due to photoperiodic influence may

r¡ct be pre¡nrred to withst¡¡rd the crcld autr¡rn terperatpres, before there

is sufficient snq¡¡f411 to insulate tJ:e eggs frrcnn the nightly lcnv tsn-
peratures, nor tlre p::olonged wi¡rter conditions lasti¡g between 6-7

nonths.

¡A]]\ITMTANCE OF DTÃPAI-EE

ft has been pointed out by Horsfa].l et aI. (1973) that Iatenry could

be induced irr Ae. \¡Ð{ans eggs at all tenperatr:res belcns 25oC. F\rrther, a

conditioning period was requi:red to initiate a hatching response in eggs

u¡rl-ich had been held at a tflper-atr:re in the lg-23oc ,ur,g=. During my

photoperiodic j¡rduction e>perinents, it was forurd that eggs of loc¡'l

-Ae- r¡exans populations æuld be j¡rduæd t¡ enter a diapause condition at
npderate tør$:eratr:res of 20 and 23oC. I{h-i1e the óviorrs òiffe:iences in
the i¡rcidence of egg diapar:se werîe attributed to the terg:e::atures at
v¡trich the eggs we::e nai¡rtai¡ed, no attenpt was nnde p:rewior:sly to

&ternine the duration of the diapar:se conôition at eíther of the two

tenperatr:::es 
"

The :results of the initial- ex¡:eriTrent (Table VII) slrcn¡¡ that tlre
duration of tlre diaparrse concli-tion is affected by tlre tenperatr:re at
r^¡hich the eggs are rm.intair¡ed" While tl:e 20oc treatrrent was terminated



72

after 70 days due to lacJ< of suffÍcìent egg nr-urbe::s, tlre:e Ís evidence

to suggest thrat the intensity of diapause was lcrver i¡r tlæse eggs stored

at 23oC. In add:ifion, tJre::e was no ap¡:a:ent photoperiodic effect r¡cted

on the diapause condition i:: tÏ¡e 20oC t¡æaûrent, vñ-ile i¡r the 23oC treat-

rent, the dr"¡ration of diapause lasted æ." 2 weeks longer at tJ-e short-

ptrotoperÍod condition tlran at tJ:e long-photoperiod condition" A

sjmilar photoperiodic effest on the duration of dia¡nuse was evident in

the results of a 2OoC trcatrnent shro+m i¡r Table VÍII and Fig. B. Vü:ite

e99s, sulcjected to ttre short-¡*rotoperiod, e>ftjJ¡ited a gradual increase

i¡ hatdr respor¡se rdhicfr was direcLly related to tlre lengrth of the stor-

age period, a relatir,ely spontaneous hatdr response was deurpnstrated by

the long-photoperiod eggs after a 28-day tneaürent period. Altlrough the

duration of egg diapause nay be strorbened by e>posu:re to a long-

photoperiod, tLr-is fact is of little ænsequence to local Ae. r,ie><ans

populations vùidr wor¡Id ex¡=rience not onJ.y a decrease in daylengrth

belcxu that of the critj-cal- daylength, but also a decline in arbient tem-

peratr:re (as sl¡c¡pn in Fig" 6), after tlre onset of diapaluqe.

The apparent differences in hatdl response in eggs sulcjected to

tl¡e 2OoC treatîents j¡r Tables VII and \IIII, can only be attributed to

the pre-tuieatnÞnt oonditions to vùdch the eggs were subjected. Plre-

sr-urnbly, a decrease in st¡rage t€nperatu¡e (fr.crn 23oc to 20oC) inr¡oked

a g:ceater diapar:se iJrtensity in those eggs used i¡r the e>çerirrent r:e-

ported i¡ Table VII, raiher:eas tÏ¡ose eggs used i¡r thre e>perinent reported

j¡r Table VIII shq¡¡ed a hatchr response consistent wiûr a r-u-¡iform storage

tenperatr:::e of 20oC.

In accordance w-ith a 14-day conditioni¡rg period pro¡nsed by

Ilcrsfall et aJ-. (1973) for tlre entrainnent of a hatch response in
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dÍa¡nr:.se eggs, Ít was fourxi that after 56 days at 20oC (28 days pre-

t¡ceatment + 28 days tr:eatnent) a significant increase i¡r hatch response

was dsronstrated by eggs uitr-ich were sr:bjesbed to a¡r additional 14-day

storage period at l6L:8D and z¡oc (ra¡le vlrr). The effests of such a

post-breatrrent storage period were nost pr:onounced for eggrs previor.lsly

held at the 12L:12D pfrrotoperiodic ::egine. the results of the e>peri-

nent shcn^¡n in Table vrrr al-so indicate ttrat the rajoriþr of eggs,

fiaintai¡ed under a short-photoperiod at 20oc, ænained in diapar:se for

a period of at least 84 days (28 days p:ie-treatnent + 56 days treatrrent).

Hcrwe\irer, srrh eggs we::e p:redisposed to hatclr after a period of 56 days

(28 days pr=-treatnent + 28 days t:reatrrent) if sr:lcjected t-o a suitable

corxlition:i¡rg treatn'ent. It is suggested that ôiapause developnent, as

described by Andrav;artha (1952), is ccnçrleted in Ae. vexans e99s,

na:i-ntairteC aL 2OoC, w'ithin a ¡æriod of 56 days follcxn¡j¡lg ovi¡nsition.

TMMI}iATTO}I OF DIAPAUSE

l"lany irnzestigators haræ denonstrated that prolonged e>ccosu¡¡e to

lcnu tenperatures terminated the dia¡nuse c-ondition in a nr¡rùcer of j¡¡sect

species. In this laboratory, it has been obsen/ed t¡at t-t.e enbryonic

di-apar:se of a nunber of nosquito species, j-::cluding Ae. r¡e:<ans, could be

te¡Li¡ated by sr:bjecting the eggs to a tenperatr-:re of 5oC for 3-4 nonths.

Ttris cbsen¡alion is i¡r agl:eenent w-ith Hor^sfal-l (1956) , BecJcel (1958) ,

Ktrelevj¡ (1959), Horsfall and Fqivler (1961) , Brust and Costel]o (1969) ,

Ãnderson (1970), }EHaffey and Han¡ood (1970) , and El1is and Brr-lst (1973) ,

tùto har¡e dsrpnstrated tJ-at diapause is termi¡ated er¡en rnder dark

oonditions at lqp terperatures. Itre resutts shcnm in Tbb1e TX and Fig. 9

indicate that the i¡rfluence of photoperiod on the termi-nalion of diapause
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is ¡resked by 1o',r tenperatllres as eggs hatclred as readily at I2L:12D as

at 16L:BD"

rt is ewident, i¡r revis¡¡i¡rg the :æsults of the 1øu tørperature

eçerfurent' t¡ìat a period of 56-i-l.2 days at 5oC was required to ocrçlete
botJ: ttre refractory a¡d acLii¡ated ¡ùase of tl¡e ðiaparrse condition in the

eggs e><amiled" trúriIe it is apparent ttrat a 14-day conditioni.::g period
(16r,:BD ard 23oc) sen¡ed to accelerate tJ:e actir¡ated phase of g-re dia-
pause phase in eggs v¡flich had been held at 5oc for a rni¡rjnn¡n of 28 days,

it is ûi-fficult to determi¡e r¡¡hettrer or r¡ct the refractory phase was in-
fluenced by the conôi-tioni¡g period. Ho^rever, si¡lce there was no sig-
nifica¡rt incr¡ease i¡ hatchr response after tlre 56-day tr.eatrrent that
would suggest a differer¡ce j¡ tl:e physiologie.ìI state of the 28- and

56-day old eggs, it would seem reasonable to assure that the ::efractory
phase was ccnpleted :r-n the eggs with:i¡r 28 days after e>q)osure to a 5oc

tenperature. Thereafter, thre eggs r.enai¡red in an activated phase wf¡-ich,

accorôing to ¡4affi-ndi (t971) , could l-ast for ser¡eral nonths under fiel-d

oorditions but vñ-ich could be tenrri¡ated in tl¡e i¡rterim by e>q>osr:re to
favo::able envirionnental conditior:s 

"

The resul* ": tåe hi$r tenperatu:e e>perinents, srunnarized in
Tables x and )G, i¡di-cate that an elewation in tenperature to 3ooc

accel-erates the plrocesses of diapar:se develo¡xrent (refractory phase) and

ner::rcendocrine activity (actir¡ated phase) necessarlz for termination of
diapar-r.se. Hidr te$peratu:æs abbr¡eviate the actir¡ated condition in
dia¡nusing irdividuals by increasi¡rg ttre relatir¡e rates of al1 the

ptrysiological and bioógrdcal der,zelo¡xrental p:ocesses (¡4arsj¡r$-l 1971) .

Horsfall et al. (f973) trave recogrr-ized tlrat a corxlition-ing period is
essential for tlre entrai¡r¡rent of a hatclring resporÌse in Ae. vexans
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eggs kncn¡n to be Ín a diapar:se state; u¡trile the dia¡:ause condition is
eventually erilninated or¡er tiÍÊ, a tliÉr terq:eratr:re (>25oc) will mini-

mize the period of conditioning regui:red"

!ften ccnparing tlre effects of hi$r terperature on dia¡:ause eggs of
different tenperatr:re bacJ<gn:ornds (Tables X and )fi), there is scxre

evidence to suggest that diapause is termi¡ated nore slouly in eggs

which were p::ewioi:sty held at thre rc¡¡¡er tenperatune (20oc). The dif-
ference in hatdr response between tLre two grrolps of eggrs, whiclr was

r¡oted only for tlre Tday treatrrent period at 30oC, nay be attributed to

the diffeuence in dÍapar:-se j¡rter¡siþz prewior:s1y roted to ocsr:r i¡t eggs

at thre two tenperatures (Tables I and III). Seemingly, such a difference
j¡r hatc.L¡ response nay appear irreler¡ant in fi$t of the fact tLrat eggs

frcrn bottr groups denpnstrated a ver1l fÉgh order of hatch after e>çosure

to 30oC for only 14 days. Hc¡nrever, it is anticipated t}tat eggs obtailed

fi¡cm natr:ra1 owiposition sites during auü¡ru-r will be for¡-rd to exhrj-bit a

w-ider range of ðiapar-rse intensity than was for:nd in eggs r:.sed in these

e>perirrents" rf sudr is the case, fiel&corrected eggs will p:rcbably

an e>ctended period of oposr:re (>7 days) to a Lr_igh terq:eratr:::e

(SOoc) in order to effect an in toto hatch l€sponse. lhis occurlrenc€

nay be of sigrr-ificant val-r-re to those irrvestigators attenpting to

detenni¡e tJre distribution and :elalive abr.rrdance of Ae. vexans popu-

lations wiûIirt a designated region by neans of an egg sanpling r"egirre

during the falI of the year.

wh-ile enbrl'onic diapause ca¡r be terminated by e>çnsrre of the eggs

to a h-igh tenperatr::æ for a short di:ration, a Lr-igh incidence of enbryo

nortalit¡z occurs if eggs a::e sr-lojected to tlre high tenperatr:re for an

extended period of tj¡e (112 days). si¡ce there wâs no evidence of
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erbrlonic aestir¡ation r¡oted dr:riYrg these eçerinents, it Ís speculated

that nnny enbryos dÌed as a corìsequence of nutritional :¡esen¡es bilg
depleted v'ri-thjh the egg.

IJ¡rljJ<e the results for:rrd at lcn¡er terperati:res (20o ard 23%) irr

previous e>gærinents, nc sign-i.ficant i¡rc:æase i¡ egg hatch occurred as

a r.esult of a seærd hatclr attenpt" rhe 14-day treatnent (16L:BD and

ZloC) of any Ln'ìhatched eggs was sd¡orrlinate to the i¡itial hatclr attsqrt

follo,virg ttre hi$r tenperature treatment" An j¡ toto hatch response was

noted only afber tJ:e eggs were sdrjected t¡ tJle hi$r ter-uceratr:re for an

appropriate lengtn of t:ine.

Photoperiodic corditions did not affest tlre percentage hatch at a

treabrent teuperature of 30oC. Although the i¡rf1rrcnc-e of photoperiod on

d.iapar:se termination appears to be nnsked at a high telg:erattrre, this is
of littIe ecological sigrrificance as high lsrperatures c.ou-l-d only occur

durilg a season vùren daylength is far¡orable for grorrth condiLions. Since

cold tenperatr:res have been shq,qn to termi¡rate diapar:se even before the

a¡:p:opriate photoperiod and terrperatr:res ocsur in the spri¡g, it is
suggested tL¡at neither long-phrotoperiod ncr high tenperatures play a

rrital lole i¡l t-errninati-ng diapause j¡ the eggs of Ae. vexans r:rrder field
conðitions.
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GIAF{TM. \rI

STI¡ôART

Ihis stu{z :=p:iesents an effort to deli¡¡eate the effests of tsrr
¡erature, photoperiod ard naternal i¡rfhænce on t]le i¡rcidence of dia-
pause i¡r erbryonated eggs of Ae" vexans. rt is suggested tL¡at t}le

fi¡dings of tlris studlz w'ill provide a significa¡rt oontributj-on to the

existing literatu:¡e rrelated to the biology of .Ae. \¡e)<ans and, in
addition, will p::orzoke fi:rther i¡sight and clarification regarding the

role of diapar:se j¡¡ the pr:esenration and generar prrosperier of this,
and perhaps other, nosqrrito species.

The foIls¡¡ing sunrarlr is intended to :iepresent tìe order of fi¡rlings,
as dissussed i¡r the texb of this thesis, and is not j¡tended to ::ep:e-

sent any order of sigrificance placed rpon the findinqs:

1- Dia¡nr:se indusbion i¡r Ae. ve)<ans eggs r^¡as for-rrd to be a curn:Iative

effect of photoperiodic infh:enc-e on tÏ¡e preceding dei,elo¡rrental

stages. Pr fernales sr:bjected to a short-photoperiod (r?rzr2D) ,

during the j¡rte:¡¡al between srcrgence and oviposition, produæd a

high peræntage of diapar:se eggs wrrile p, fernares sr:bjected to a

long-photoperiod (16L:8D) for a similar ¡:eriod of ti¡re produced

ræry fe,v diapause eggs at terperatr:res of 25o, 23o, and 2ooc.

2" 'ltre i¡dustion of enbryonic diapar:se in Ae. vexans is i¡rf¡:enced

rot only by the tenperatr-re at vùrichr the eggrs are rnaintai¡red follc¡,v-

ing owiposition but also by tlre tenperature to wtLich tJ:e p, fe-
rnales are eq)osed prior to ovi¡nsition. ffiryonic diapause was

nost a¡parent, in the grreatest nurber of eggs, vrtren both ttre p,

fennl-es and tlre deposited eggs v¡ere sr-icjected to the 1q¡¡est terr
perature tested (20oc) . rf either, or botLr, of ürese der,ero¡xrental
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stages was sr:biected t-o a higher terqerature (23oC), the i¡lcidence

of enbryonic diapar:se was lessened" Ftrrtler, the onset of erbryonic

cLiapar:se occrr¡red w'ithiJr a shorter perioC of tine j¡r eggs stored at

the Icn¡er @qlerab:re.

Ttre critical rlaylengl*t, associated with the i¡rduction of åiapause

in 50U of the eggs proCuceC by a ¡rcpulation of Ae. vexa¡rs fenales,

is rlirecLly relate,:l to the tøq>eratr.rre at which the P, fe¡nal-es are

reared and allo,ved to oviynsit as well as the terperature at wÏúch

the eggs are rnai¡rtained follq,ving oviposition. Ae. vexans fsnales

rnai¡rtai¡red at a 1o,.r terperature, pr"oörce diapause eggs at a longer

<laylength than do those fenales \¡ñich are maintained at a high

terç:erature. Local populations of Ae. vexans were found to prcrJuce

diapause eggs by late JuIy.

T'!:e cluration of tJre dia¡ra.r:se oondition j¡l Ae. vexans eggs is

rleterrninerl by t]-e teqrerature at which the eggs are nraintai¡red.

Diapause i¡terrsitlz is greater in those eggs stored at lo,ver

terqæratures. F\rrther, the drralion of egg åia¡nuse is shortened

by ex¡nsrre to a long-photo¡rerioC, particularly at a higher

teng:eratr:re (Z:oc versus ZOoc) . A significa¡t pro¡:ortion of dia-

inuse eggs, mai¡rtainecl at I2L:I2D and 20oC, are predisposed to

hatch after a ¡:eriod of 56 days if subjected to a suitable con-

åitioning treatrnent of I6L:BD an4 23oC for 14 days. This evidence

suggests that the "rli apause Cevelopnent" processes (Àndrs,vartha

Ig52) in Ae, YgIgne eggs are ærçleted within 56 days at 20oC.

fhe influence of photoperiod on *he ternrination of enü:ryonic

dia¡nuse is rnasketi at ïpth lcx,v and high tsql€ratr:res of 5oC a¡rd

30oC, respecti-vely. That is, the effect of photoperioC is

4.

tr
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sul-¡ordi¡rate to the effect of either lcn^¡ of high terçæratr:res.

Entrrlonic ðiapause is ter¡ni¡lated withi¡r a period of 112 days at

5oc, hcrurever ,liapar:se can be cul¡:rinated in a significantly high

percentage of eggs after only 28 days at 5oC provided that the

e{Tgs aïe condiLioned at I6L:BD a¡rd 23oc for 14 d.ays after the lorv

tençæratrrre treatn¡ent. Diapause eggs, held at 30oC for a period

of 7-I4 åys, hatch j¡r toto when i¡rrersed in nutrient broth

solution.
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