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ASSTRACT

COLONIZATION AND DIAPAUSE STUDIES OF AEDES

(DIPTERA: CIiLICIDAE)
qaBslll!- (METGEN)

The optimum temperature for development and survival of Aedes

o
4Sqsalrs (Meigen) in the laboratory ís 23 C. Larval development is

compleËed in 7-B days and pupal meËamorphosis is concluded within an

additional LZ-Z days. At the optimum temperaËure, photoperiod has no

effecË on development or survival of A. dorsalis, nor does photoperiod

appear to effect fecundiËy of A. dorsalis female imagos"

Stenogamy is apparent in the laboraXory colony; successful copula-

tion being parËicularly evident betr¿een day 7 and 14 of adult life.

Photoperiod appears noË Ëo influence maËing. !fhí1e the presence of

anoËher mosquito population, Aedes vexans (Meígen), generally produces

no effecË on the incidence of inseminaËion in A. dorsalís, iË is evi-

denË thaË A. vexans adulËs mate more readily in the presence of

A. dorsalis. This ís the fírst reporÉ of successful colonLzation of

A, vexans ín the literaËure (see Taylor and Brust, in press).

ExperímenËs conducËed under controlled temperature and photo-

period verify that embryonic diapause in A. dorsalis is determined

by daylength. The diapause condition in the eggs is not a cumulaËive

effect of phoËoperiodíc influence on the preceding developmenËal sËages "

PhoËoperiods of BL:16D Ëhrough 14L:10D at 23oC induce diapause in
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A. dorsalís eggs af ter 14 days. Embryonic díapause is averted at photo-

periods of 15L:9D througt- 24L:0D at 23oC" The critÍcal daylength for a

population of A. dorsalis from I.línnipeg, Manitoba l4}oSStW 1at.) is very

near L4L.L:94D per diem.

Diapause is susËained in eBBS, mainËained aË a short photoperiod

(i.2LzL2D) and 23oC, for a period of 3 monËhs or longer. Exposure to

high ËemperaËure (30oC) or long photoperiod (16L:BD) for L4 days or more

termínates Ëhe diapause condition in a high percentage of eggs. The

influence of photoperíod is masked aË high Ëemperature, i.e., photo-

periodic ínfluence on díapause is subordinate to the effect of hígh

temperature.
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CIIAPTER I

INTRODUCTION

This thesis ís, primarily, a report on Ëhe investigations under-

taken to estabLish a colonízation technique for the maintenance of a

continuous colony of the mosquito Aedes dorsalis (Meigen). Further in-

vestigations vrere undertaken to deÉermine Ëhe influence of phoËoperiod

and temperature on diapausing and non-diapausing eggs of A. dorsalis.

The resulËs of Ëhese investigations are rePorËed herein"

Aedes dorsalis is a rmrLtivolËine (many generations Per year)

floodv¡aËer mosquito cofltrnon Éo southern regions of ManiËoba. PopulaËions

are reported to occur throughout southern Saskatchewan and Alberta, as

well as in many areas of Ëhe United States, Europe and Asia. The spe-

cies has economic importance as a major pest of man and animals and it

is numbered among those species of imporËance in the transmission of

t/estern encephaliËis. As is cortrnon in most multivolËine species,

A. dorsalis exhibits a condiËion of faculËaËive diapause. As Ëhe day-

1-engths in autumn decrease to a criËical value, specific for the species

at a given latitude, the eggs of A. dorsalis are induced to enter a

period of diapause (not quíescence); a supPressed state of developmenË

and growth which ensures survival of the insect through adverse v¡inter

conditions. Diapause is Ëerminated upon the return of favorable environ-

mental stimuli in the spring; egg hatch coincides v¡ith condiLions suit-

able for growth and develoPment of the iurnature insecË.



Those eggs laid ín the sunmrer bY

2

A. dorsalis complete embryogenesis

within a few days after oviposítion. The eggs will hatch aË this time

provided the oviposition sites are inundated and other haËchíng condi-

tions are favorable. A temporary deviation of one or more environmental

factors from the optimum produces Ëhe simplest tyPe of dormancy in eggs'

called quiescence. Reactivation from the quiescent state coincides røith

the return of favorable haËching conditions, which may be símply evapo-

ratíon of the \,Iater in the pools and ref looding by rainfall.

photoperiod is the most reliable environmental influence for re-

lating seasonal changes and is uËilized by insecËs for diapause control'

AlËhough it has little influence on the inmrediate well-being of the

insect, photoperiod serves Ëo synchronize t1ne life cycle with Ëhe seasons.

There is a paucity of 1iËeraËure perËaining Ëo the physiological

and biochemical response mechanisms of insects as related Ëo environ-

mental sËimuli and the over-wintering condition of diapause" This is

parËicularly evident in sËudies of Aedes (Ochlerotatus) mosquiËoes in-

habiting Ëhe northern temperate regions where climatic condiËíons are

varied and not unconrnonly severe. This lack of informaËíon may be, in

part, due to the absence of stenogamy (mating in a confined space) in

rnost northern mosquitoes, whích has been a veqy sígnificanË factor in

díscouraging sËudies of these species (Brust, L97L). Due Ëo Ëhe diffi-

culties in attaining conditíons conducive to mating of these species in

Ëhe laboraËory, research maËerial must be repeatedly collected in the

field Èo replenísh laboraËoq¡ stocks.
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Since it is imperative Ëo understand the physiological, biochemical,

and endocrinological relationships of diapause in order to interpret Ëhe

disËribution and Ëhe very exisËence of an insect species, Êhere is a

need for furËher investigation into Ëhe círcumstances surrounding induc-

Ëion, maintenance, and terminaËion of diapause. An investigation must

first be undertaken, however, Ëo discover a continuous supply of re-

search material in Ëhe field or to develop a feasible colonization Ëech-

nique for a conËinuous and standard supply of the required sËages of

Ëhe insect concerned. This was the primary objecLive of the present

s tudy.



CHAPTER II

ITTERATI]RE REVIEI^I

Laboratory ColonízaËion

Sínce Ëhe li¡eraËure perÉaíning to laboratory colonization of mos-

quitoes is now voluminous I shall only review briefly perËinent examples

relative to aedine mosquitoes, particularly of the subgenus OchleroËatus.

The presence of stenogamy in different species of Aedes (Ochlero-

lglgÐ mosquitoes has been described by 3eckel (1958b), Haeger (1958),

Garay and ]ìagmann (1964), Chapman and Barr (1969), Blakeslee eL al.

(1970) , GrimsËad et al. (1970), Smith and Brust (1970) , and Brust (1971) 
"

Due to the difficulËies of obËaining conditions in the laboratory which

are conducive Ëo copulaËion of mosquítoes, few species mate in cages.

Beckel (1958) reporËed adult maËing and the oviposition of fertile

eggs by autogenous Aedes conrnunis (Degeer). UnforËunaËely, insufficient

numbers of viable eggs \^rere obt.ained to maintain a continuous colony.

Haeger (1958) described cage colonizatLon of Aedes taeníorhynchus

(¡Iiedemann), in which Éhe laboratory colony was found to be more narrowly

selective than the outdoor colony, i.e., a lower percentage of the adulËs

mated successfully under laboratory conditions. BrusË (1971-) reported

stenogamy in autogenous A. conrnunis and Aedes diant.aeus lloward, Dyar,

& Knab. I,fhile Ëhe degree of successful mating of autogenous A. conrnunis

varied between populations from differenË geographical locaËions, there

T¡ras no significanË difference in the number of eggs Laíd by females from



differenË populations. No maËing occurred in the anautogenous tstrain'

of A. conrnunís. A. díantaeus maËed more readily in cages and provided

adequaËe numbers of eggs for continuous colonization" The readiness

with which Aedes rempeli VockeroËh mated in sma1l cages and the rela-

Ëive1y high fecundity for auËogenous females (Smitfr and Brust, 1-970)

suggesÉs possibilities for further laboraËory research. A brief accounË

of laboratory colonLzation of Aedes tormentor Dyar and Knab is given by

Chapman and Barr (1969). It is not clear whether A. lo4ûeqtoE is steno-

gamous by itself or whether it is induced Ëo maLe by the presence of

another species . Garay and Hagmann (1964) sLated thaË Aedes sollicítans

(I{alker) maËed under extremely crowded conditions ín a sma1l cage" Un-

less a high íncidence of female insemination occurred, Ëhe number of

adulËs required Ëo produce sËenogamy would seem ímpractical for labora-

tory work. Although Gjullin et a1. (1950) reported matings of both

Aedes licticus (Meigen) and A. vexans r,¡hen the two species r¡lere con-

fined in a small cage (34x34x36 it.), only Ëhe A. sËicticus species was

consídered suitable for colonization. Of the few eggs that were laid

by A. vexans, only a smal1 percentage \^iere viable. Gjullin et al . found,

however, Ëhat A" vexans females r¿hich had mated in nature would readily

lay two to four batches of eggs ín the laboratory cages if given blood

meals subsequenË to the laying of each 1ot of eggs.

Colonies of Aedes nigromaculis (i.udlow), Aedes stimulans (lnlalker) 
'

and A. sollicitans have been successfully maintained using the forced-

copulaËion techníque of McDaníel and Horsfall (L957) (see Miura, L967;



McDaniel and ¡lorsfal1, L957; Anderson, 1970). Horsfall has maintained

numerous Ochlerotatus species usÍng this techníque (llorsfall, unpub-

lished).

Laboratory maintenance of a California tstraint of Aedes dorsalis

(Meigen), using the forced-copulaËion technique, r'¡as f irst descríbed by

Blakeslee et al. (1966). Attempts Ëo colonize Lhis species, using

volunËary cage mating, met with limited success. Parents mated in the

cage buË F, adults did noË; only non-viable eggs were obËained. Ilith

continued efforË, self-susËaíning laboratory colonies of A. dorsalis

were later obtained by Blakeslee eË al. (1970) and Grimstad et al. (1970)

1,he results of Éheir colonization techniques indícated that egg-hatch

rates increased with successive generatíons. Through natural selection

r¿ith successive generations, a high degree of adult maËing was obËaíned

ín relaËively smal1 cages (2x2x2 ft.).

Diapause

The term rrdiapauserr was originally coined by I,lheeler (1893) to

descríbe a stage duríng blasËokinesis when growth of an insecË embryo

was arrested. Ilenneguy (1904) suggested use of the term to describe the

arrest of growth for all stages during the life of an insect. Rouband

in 1919 (see l,figglesworËh, 1965) separated Ëhe higher DipËera into Ëuro

categories: rrhomodynamic[ insects which are temporarily dormanË due to

the direcË action of unfavorable environment, and ttheterodynamicrr insects

which are subjecËed Ëo a prolonged dormant. períod independent of the
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environment. shelford (Lgzg) 1aËer described growth retardation due to

the effect of unfavorable envíronment as ttquiescencett. In cases where

insect activiËy or development l^ras arrested ffsponËaneouslytt, Shelford

applíedtheËermdormancyorlldiapause''.Lees(1955)suggesËedthata

distinction between frquiescencett and rrdiapausetr could be made by con-

sidering the ímmediacy of response to envirormental factors' Ilowever'

since the irmnediacy of diapause terminaËion is dependent upon ecological

facËors and ínherent characteristics or species' Ëhere remains much con-

fusion as to Ëhe distinctíon between Lhe two phenomena'

Mansingh(1971)reviewedt'heliteraËurepertainingLodormancy,

investigaËed Ëhe physiological dífferences ín dormancies and proposed

further and more concise classificaËions. The generally accepËed defi-

nition of diapause is that staËe of reËarded or suppressed growth' re-

sultíngfromtheenvironmentalËriggeringofneuroendocrinemechanisms,

which is índuced well before adverse environmenLal condiËions set in and

which is maintained for some time irrespective of environment (Harvey,

L962; McÏlaffey and Harwood, L97O; Mansingh' l97L) ' Quiescerlce' Lhe

simplesttypeofdormancy,isproducedbyasudden'unanticipaËed'non-

cyclic,andusuallyshort-durationdeviationofoneormoreenviron-

mental factors from the optimum (Mansingh' L97I) '

Díapause may be eiËher oblígatory or facultaËive. univoltine*

insecËspeciesexlribitanobligatorydíapauseËhat'occursautomaLically

:'c Voltinísm derives from Italían
Zoo!. The frequency or number

serículture: vo1Ëa=turn, tíme'
of annual broods or generaËions '



High temperaËures tend to avert or eliminate the díapause response

(Lees, 1955; Danilevskii, 1965; de trnlirde, 1962; Beck, 196g; Anderson.

L968, r97o; Kalpage, L97o; McHaffey and Harwood, L97o; Mansingh, rgTr).

rn many instances, both hÍgh and low temperature extremes Ëend to mask

the photoperiodic responses or shift the criticar photoperíod to a poÍnt

furËher along Ëhe response curve. Generally, when high temperaËures

coincide r¿ith scoËophase (dark) the intensiÉy of the diapause response

is lessened and when low temperatures coincide wiËh scoËophase the in-

tensity of the diapause response is increased (Danilevskii, L965; Beck,

1e68) 
"

way (L962) stated that diapause r{as an important factor in deËer_

mining the distribution of an insect species. The intensity of the

photoperiodic response, the effect of temperature on the response and

the critical photoperiod may differ according Ëo the geographical lati_

tude of loca1 populations of an insect species. photoperiod-induced.

diapause Ëends to be more intense in populaËions inhabiting high lati_

Ëudes (vinogradova, rg60; de trfi1de, Lg62; Depner and Harwood, Lg66).

There are several accounts in the literature that report the influ-

ence of phoËoperiod and temperature on diapause ir A. dorsalis. There

are opposíng views on the influence of these environmental facËors. The

opposíng results may, in part, be

classifications or to geographical

atËríbuted to problems in species

variation. A. caspius dorsalis in
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the USSR is probably a different species than A.

America.

dorsalis from North

Telford (1963) concluded thaË a decreasing temperature gradient

índuced facultative diapause in the eggs of A. dorsalis from Californía

during the fal1. Conversely, an increasing temperature gradient ín the

spring preceeded terminaËion of egg diapause. Telford deemed photo-

periodic changes insignificant as effectors of diapause and hatchíng

response because, in Ëhe laboratory, A. dorsalis and Aedes nígromaculis

(Ludlow) carried ouË all activiËíes in a uniform manner regardless of

phoËoperiod.

I{relevin (1958, 1959) working in the USSR, suggested that tempera-

Ëure \,ras Ëhe principal envíronmenÉal factor that stimulated or inhÍbited

diapause inducËion in eggs of A. caspius dorsalis (Meigen). Although

it is noË cert.ain whether or noË l{relevin considers A. dorsalis to be a

subspecies of Aedes caspíus (Pallas), it should be noted ËhaË SËone eË

al. (1959) lists both as distinct species within Lhe subgenus (Ochlero-

I"t""-). Ktrelevin suggested that successive generations of A. caspius

dorsalís were different qualitatively with respecË to díapause induction

because different generations developed under different environmental

conditions. Eggs oviposiËed by first-generatíon females could noË be

induced Ëo diapause eiËher by action of low temperatures on Ëhe females

or by exposing the eggs to reduced temperaËures. Eggs of second- and

thírd-generaËion females, however, could be induced to diapause under

similar condiËions. The action of high temperatures (3OoC) prevented
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diapause in eggs of autumn generations, while the action of 1ow tempera-

tures during the winter months promoted the termination of egg diapause

and allowed furËher developmenL of the insect during favorable environ-

mental condiËions. I{:relevin did not rule ouË the possible effecË of

photoperiod on embryonic diapause it A. caspius dorsalís, stating that'

trthere is a possibility Ëhat the action of photoperiodism on autumn

females of A. caspius dorsalis deËermines Ëhe developmenË of eggs capable

of enËering a staËe of diapauserr (Ktrelevin, 1958).

In contrasË, Mcgaffey and Harwood (1970) concluded thaË photoperiod

r¿as the primary facËor in determíning wheËher or noË diapause was to be

induced or averted in the eggs of A. dorsalis from central I{ashington

ô
(46"5. 1at.). In a f.aí'rl-y íntensive sËudy Ëhey determined thaË short

phoËoperiods produced significantly more diapause eggs than did long

photoperiods. Ilowever, aÉ temperaËure extremes photoperíod appeared Éo

be subordinate Ëo Ëemperature as the primary influence on egg diapause.

Prolonged exposure to low temperaËures terminated diapause in eggs'

even under condiËions of shorË photoperiod. Although no critical photo-

períod was deËermined by McÏIaffey and Harwood, their results did show

Xjnat 144- and L3re-hr. photoperÍods both produced significanLly more egg

hatch Ëhan either the 11- or B-hr. phoËoperiods, but significantly less

hatching than Ëhe 16{nr. photoperiod. Mcfiaffey and Harwood noted a

maternal influence on egg díapause, particularty at short photoperiods.

In a recent study of aedine mosquito eggs (Kalpage and Brust, 1968) ,

tr,ro types of A. dorsalis eggs r¡/ere found Ëo be significantly different
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in size and shape. The investigators suggested that in nature there

are tT¡/o distinct subspecies (races) of A. dorsalis. In addition to

Ëhis, it ís known that one brood of A. dorsalis hatches in snow-melt

pools and anoËher brood hatches in rain pools, often only a few r¿eeks

apaît. These findings give rise Ëo speculaËion Ëhat unívo1Ëine and

mulËívo1Ëine populations may occur in Manitoba. rt could also mean

that A. dorsalis is a species complex.
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CHAPTER ÏII

MHTHODS & MATERIAIS

1. GENERAI METTTODS

(a) Collection and storage of study material

The oríginal materíal used for this study was collected from a

drainage ditch, adjoining a livesËock feeding Pen, in July, L97L. Sev-

eral Ëhousand pupae r¡rere dipped from the shallow pool and returned to

the laboratory. Subsequent collections of larvae, adults, and eggs

have been taken from siËes within the inrnediate trdinnipeg area (Fig. 2) '

for Ëhe purpose of replenishing the laboraËory colony. Details of the

coLonLzation of A. dorsalis are outlined in Chapter III, pariu 2.

All experímenËs were conducted in BOD incubators (Fig. 1a) whích

were equipped with an incandescenË light source (40I,I bulb), a time clock

for phoËoperíod control, and dual Ëemperature controls. TemperaËure I^/as

conËrolled separaËely, during the dark and Ëhe lighted part of Ëhe cycle,

at tloC of the set temperaËuïe. RelaËive humidity r,ras maintained at

75!þ%. All sËages of the colony, exclusive of adulË mating, \^7ere main-

tained under these conditions.

(b) Determínation of diapause

Eggs Ëhat failed to haËch, after 24 hours in the nutrient broth

solution, were bleached and examined to deËermíne viability. frie 24

hour tíme period was sufficient for maxímum egg hatch. l,itÉle or no
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hatch occurred beyond Ëhis period. A technique proposed by Trpis (1970)

gave excellent bleaching qualiËies for the egg chorion. Those eggs with

mature embryos, having eye spots, a hatching spine and abdomínal segmen-

tation, r¡/ere consídered to be vÍable buË in a state of díapause.

(") DeËerminatíon of mating success

SpermaËhecae r¡rere examined t.o determine percentage inseminaËion or

mating success. A random sample of females L{as aspirated from Ëhe s\¡larm

cage aË regular intervals. The female imagos hiere anaestheËized with

eËhyl ether, weËËed ín 7O% ethanol and rínsed in saline before dissec-

tion on a clean slide" The spermathecae T¡rere removed and examined under

a cover slip by phase-contrast microscopy. A sample of females T¡las

usually taken on days 3, 7, and 14 following release of the adulËs into

the swarm cage.

(d) DescripËion of the tSwarm Chamberr

All mating, of the laboraËory colony of A. dorsalis, occurred with-

in a controlled-environmenË-chamber (120x120x210 cm high). The chamber,

which \¡ras consËructed of 6-mi1 clear plastic on Ëhe inside, and 6-mi1

black plastÍc on the outside, \,ras maintaíned at 70-80% R.H., 23*1oC and

light:dark conditions of eiËher LZLzL2D ot 16L:8D.

The light source in Ëhe srnrarm chamber consisËed of four 25I,rI incan-

descent bulbs arranged in a square (50 cm Éo Ëhe side) above the ceiling.

Simulated maLudinal and crepuscular periods (dawn and dusk) \¡/ere pro-

vided by a 60I{ incandescenË bulb in the centre of the square. The simu-
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lated dawn and dusk periods, each of 60 minutes duration, occurred prior

Ëo and directly afËer the lighted parË of the daily pho¡operiod cyc1e.

The swarm chamber r¡zas enLered Ëhrough two tdoors t . Each door was

fashioned from canvass and fiËËed with a curved zipper. The doors were

Zt apart and the outer door could be closed before the ínner one \¡7as

opened to prevent the enËrance of exËernal light and the escape of

adults. The small room, created by the two doors, also served to house

any instruments needed Ëo control the condit.íons within the swarm

chamber.

Rehydrated apple was provided as a carbohydrate source for the

adults.

coLoNrzATroN TECHNTQUES

The following sections describe handlíng and rearing procedures

used for Ëhe various developmenËal sËages of A. dorsalis.

(a) Eggs

Those eggs collected on sod samples (g. 1x15xl5 cm) which were

removed from the margins of known oviposition sites in the field and

returned to the laborato4r, \¡lere stored, in situ, on the sod samples.

By sealing the sod samples in plastic bags, eggs may be sËored aË a

temperature of :ttoC for a period of one year or more. Eggs in sod

samples were hatched simply by immersing the samples in dechlorinated

tap vraËer at room ËemPeraËure.

,
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Eess from female imagos which had oviposiËed in Ëhe laboratory were
-ÞÞ" ------ -

sËored on moist nylon cloth in covered petri dishes (Fig. le). The

nylon cloth was placed on a pad of glass wool; both were wetted and the

excess water was drawn off. This technique kept the eggs moisË and

drastically reduced conËamination by molds and fungi (Kalpage, I97O) .

Eggs on pads were hatched ín a nutrienË broth soluÉion (2:1000 r¿/w,

powder in tap water) at room temperature'

All eggs Ëhat failed Ëo hatch after 24 hours ín the nutrient broth

solutíon were bleached (Trpis, 1970) and examined to determine viability.

The oviposition substraËe provided lüas paper towelling moistened

r,riËh distil 1ed \,{ater. In experímenËs using eggs from individual female

imagos, a círcular pad of paper towelling (30 irmr dia.) was placed under

a smal1 screen cup which held the female imago. The screen cup \'üas a

15 nur length of acrylic Ëubíng (25 nun dia.) covered with fine mesh nylon

screen. A moistened raisin or a piece of rehydraËed apple \¡Ias placed on

Ëhe screen to serve as food for the imago.

For most experimenËs, eggs vrere collected from groups of females

(20 females per cage) kept ín somewhaË larger acryLlc oviposition cages

(25x25x150 nrn), These cages, having fine mesh nylon screen on t\^Io sides,

allowed the imagos easy access Ëo a blood source and Ëo Ëhe oviposition

subst.rate (Fíg. ld). An anaesthetized mouse was placed on each cage

of female imagos on alËernate days. A moisËened raisin or rehydrated

apple was provided followíng the blood meal, as this increases the

survival and longevity of the insecËs.
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(b) Larvae

Larvae vrere Ëransferred from Ëhe nuLrient broth solution to covered

plastic pans (6x22x30 cm) conËaining ca. 1000 ml of distilled waËer

(Fig. 1b). f,arval densíty was kept tow (50 larvae per pan) to minimize

the inherent effecËs of crowdÍng. The surface of Ëhe T,üater, in the

rearing pans, was tov¡elled daily to remove any film of dust or scum.

ThÍs technique prevented fouling of the larval media and greatly in-

creased Ëhe percent.age survival of the larvae.

Larval diet consísted of 70-150 mg of TetraMin Tube Food 66R,

depending upon the instar sËage of the larvae.

Experiments rnrere conducted to determine Éhe optimum temperature

and Ëhe phoËoperiodic effect on the developmenË and survival of instar

IV larvae. Sínce the daËa recorded for Ëhe mature insLar IV larvae is

cumulative of the data for the previous larval instars, a statisËícal

analysís is shor¡n for this final larval stage on1y. Any analysis of

the data given for the preceding larval insËars would be redundanË.

(") Pupae

Pupae l¡rere removed from the larval pans daLLy, and were

Ëo sËyrofoam food containers (50 pupae per 300 ml conLainer)

ÌriËh distilled T¡rater. Higher concenËrations of pupae caused

in pupal morËality.

The pupal containers \¡7ere placed in acrylic cube cages

where the adults r^rere allowed to emerge' RehydraËed apples

trans ferred

hal f- fí1 1ed

an increase

(Fie. 1c)

and moist
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paper-\"/icks províded Ëhe necessary food and r/later

adults. The moist paper-wicks helped to maíntaín

ínside the cages, aL 7O-8O%,

Experiments, similar to those described for

were also conducted with PuPae.

requírements of the

the relative humiditY,

instar IV larvae,

(d) Adults

Emerging adults were aspirated daily from Ëhe acrylic cube cages

and released into Ëhe conËrolled environment s\,/arm chamber.

LitËle successful copulaËion occurred during the early part of the

adult life stage. The percenËage insemínation increased r'¡iËh time;

maximum mating success occurred beËween days 7 and 14 of the confine-

menË period (Table III).

The coupling of adults during flight was observed Ëhroughout the

períod thaË the adult population \^7as held in the swarm chamber; the

highest incidence of coupling occurred during the periods of changing

light inËensities (simulaËed dusk and dawn). It is asstrmed that these

coupling responses, lasËing ïroË more Ëhan 5 seconds, resulted in female

insemination. However, none of the females observed in the sËate of

copulation, ürere captured to determine if insemination had taken place'

Following a tT¡ro \,¡eek confinement period in the s\^7arm chamber, Ëhe

adulËs \^rere separated as to sex; the female imagos were placed in smal 1

aerylLc holding cages (20 females per cage), as described in tMethods

and Materialst, and were offered a blood meal. Ovíposítion began 5 days
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afËer Ëhe iniLial blood meal, at which time a second blood meal was

offered "

The eggs, deposited on Lhe moist paper towels, vrere collected daíIy,

washed and placed on nylon pads in sealed peËri dishes (Fig. le) " The

petri dishes hrere stored in BOD incubators of Ëhe appropriaËe photo-

period regimes.

Attempts were made to colonize A.. dorsalis by placing Ëhe adults

smaller sl¡Iarrn chambers, however no mating occurred despíËe efforts

maintain conditions as described for the larger sT¡larm chamber.

?relíminary invesËigations were designed to evaluate the effect of

photoperíod on mating (percenËage insemination) and fecundity of A. dor-

salis adults. Although iË bears no relationship Ëo the previous ínvesti-

gations, a study of the mating response of A" dorsalis, primarily due

to the presence and absence of a populaËion of A. vexans, is also noted

in this dissertation.

3. INDUCTION, MAII{IENANCE, AND TER!trI\TATION OF DIAPAUSE

InvesËigatíons on the induction, maintenance, and termination of

diapause rllere carried out using, primarily, photoperiod as Lhe experi-

mental variable. A few experimenËs were conducted to determine Ëhe

effecLs of temperaËure on diapause"

(a) Induction of DiaPause

preliminary experimenËs revealed thaË there r^ras a high incidence

of diapause in Ëhose eggs stored at shorL phoËoperiods (L2Lz12D) while
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Figure 1. Apparatus used in laboratory coLoniza-

tion of A. dorsalis.

(a) B.O"D. incubator containing larval

rearing pans on Ëop shelves and adulË

emergence cage on bottom shelf"

(b) Larval rearing pan, tube of TeËraMín

66 used for larval diet' paper towel

for cleaning water in rearing pans 
'

pupal container, wide-mouLh eYe

dropper for transferring pupae from

pans to sËyrofoam conËainer, acrylic

emergence cage contaíning moist paper

wicks and rehydrated apPle.
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Figure 1. (conËinued)

(") Acrylic adult emergence cage containing

moist paper wicks, rehydrated apple, and

pupal conËainer. The aspirator is used

to transfer adults from the emergence

cage t,o the larger s\¡Iarm cage.

(d) Plastic pan conËains sufficient rnraËer to

keep the paper towelling moist. The small

acryLíc cages (conËaining 20 female imagos

each) are plaeed on the moisË Ëowels.

Anaesthetized mice are offered as a blood

meal source.
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Fígure 1. (continued)

(e) Plastic pan containing moist paper

towelling, used as the oviPositíon

substrate, and acrylic female-holding

cages. The eggs oviposited on the

moist towelling are washed onto the

nylon pad of the petri dish for stor-

age. The smal1 paint brush is used

Ëo count eggs needed for experimenËs.
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Ëhose eggs sËored at long photoperíods (16L:8D) exhibited liËtle or no

diapause effect.

The following experiments were conducËed, at 231'LoC, to determine

Ëhe developmental stage(s) which respond to photoperiod and the daily

photoperiod(s) capable of inducing diapause.

Eggs ( < 24 hours o1d) were placed at various photoperiods f.or a

period of 14 days (InducËion exp. 1). At the end of the treatment

period, the eggs were inunersed in nutríent broth solution for 24 hours.

The number of larvae and unhatched viable eggs T¡/ere recorded for each

treaËment"

A second experiment (Induction exp. 2) was conducËed to determine

Ëhe effect of photoperiod on different stadia of A. dorsalís. A short

photoperíod (12L:12D) and a long photoperiod (16L:8D) were used. Speci-

fic stages of the developmental cycle (larvae, pupae or adults) were

transferred from short photoperiods Ëo long photoperiods, and vice versa.

AfËer 14 days at the respecËive phoËoperiod, the eggs, laid by Ëhe adults

used in Ëhese treaËmenËs. \^rere inrnersed in nutrient broth solutíon.

(b) Maintenance of Diapause

Having determíned the critical photoperiod and Ëhe developmental

stage responsive to photoperiod, the following experimenË was performed

Ëo determine the intensity of diapause in eggs stored for various time

periods.

Eggs were sËored for periods of 14, 30, 60, and 90 days aË a
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Ëemperature and photoperiod of 23+LoC and L2L:LZD, respectively. At

the end of each trial period, the eggs were inrnersed in nutrient broth

s olut ion.

(c) TerminaLion of Diapause

Eggs used in Ëhese experimenËs had been mainËaíned at a diapause-

inducing photoperiod (12L:12D) and a temperature of 23+loc. To deter-

mine Ëhe effect of two different phoÉoperiods on eggs in diapause,

different batches of eggs were subjected to (a) a short photoperiod of

L2L:I2D and (b) a long phoËoperiod of 16L:BD (Termination exp. f). At

the end of the treaËment period, the eggs were placed in the hatching

medium. The following day, Lhe number of larvae and unhatched viable

eggs r,üere recorded.

For the second experiment (Termination exp. 2), eggs which had

been stored for periods of 30, 60, and 90 days under diapause-inducing

conditions (12L:!2D and ZSoC) T¡rere transferred to 30+1oC incubators.

The photoperiod remained the same for the treatmenË periods. AË pre-

determined intervals, eggs \¡rere removed from the high-temperature incu-

baËors and placed aË room Ëemperature (ZSoC) for I hour before irmnersion

in nutrienË broth solution. The number of larvae and unhatched viable

eggs r¡/ere counted the next day.

Another experiment (Terrnination exp. 3) was

Ëhe effect of high temperature, at Ëwo different

pausing embryos. Eggs which had been maintained

designed Ëo determine

photoperiods, on dia-

aL 72L:L2D and 23oC
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for 14 days, T,zere transferred to j-ncubators maintained at 30*1oC and

were subjected Ëo (a) a short photoperiod of L2L:L2D, and (b) a long

photoperiod of 16L:8D. At the end of. a l4-day treatment period, the

eggs \dere then subjected to the hatching stimulus.
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CHAPTER IV

RESI]LTS

I. EFFECT OF PI{OTOPERIOD AND TEMPERATURE ON REARING, }4ATTNG, AND

FECUNDITY OF A. DORSAIIS

(a) Effect of photoperiod and temperaËure on development in
A. dorsalis

In order to establish a successful colony of A. dorsalis, and to

provide research material for studies on diapause, the effects of phoËo-

period and temperaËure were investÍgated on Éhe ínmaËure stages of

A" dorsalis. Four temperatures (2oo , 23o , 26o , and 29oC) and two photo-

periods (L2LzL2D and 16L:BD) were used in all combínaËions as shown in

Table I" All stages, from larva Ëo adulË r^zere maintained at a constant

phoËoperiod and temperature.

The resulËs índícaËe thaË time of development, for all immature

stages, r^ras dependent upon temperature, i.e. at both photoperiods, Lat-

val and pupal development Talas more rapíd aË Ëhe highest Ëemperature

oo(29"C) than aË the lowest Ëemperature (20-C). Survíval of the larvae

and pupae \^ras not greatly affected by the temperatures used, however,

o
23-C was most favorable for both photoperiods (Table I and Fig. 3). No

records \^ras made of the weighË and size of Ëhe inrnature stadia, but

larvae, pupae, and adults reared at 23oC appeared to be larger and

healthier Ëhan those reared at the other experimenËa1 temperaËures. tr{ith

Ëhe excepËion of Ëwo conditions, Ëhe results in Table I indicaËe ËhaË
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.b'r-gure J. The effect of photoperiod and

temperaËure on develoPmenË and

survival of A. dorsalis. Mean

median time between molts for

larval instars (I-W) and PuPal

stage (P) as shown for ZOoC.
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there is no signíficant difference in developmental rates and morËa1ity

for Ëhe photoperíods and t.emperaËures used. The two conditions indicat-

ing a signif icant difference \47ere: (a) the pupal morLality raXe at 29oC

rnras greater at 16L:8D than at L2LzL2D, and (b) the developmental rate

for larvae and pupae at 2OoC r.,7as greater aL L2L:12D.

As previously noted (see tColonization Techniquesf part b), a sta-

tistical analysis of the data recorded for the first three larval instars

would be redundant of Ëhe analysis of the mature ínstar IV larvae.

(b) Effect of phoËoperiod on matíng of A. dorsalis

In this experiment, the different photoperiods used were

and 16L:8D. A1l experiments were conducËed in Ëhe same cage'

simí1ar conditions (70-80% R.H. and 23oC) with populations of

generation. The percentage insemination of the female imagos

to deËermÍne mat.ing success.

LZL:I2D

under

rhe Fl

was used

The results as shown in Table II would indicate thaË Ëhere is no

effect on maËing whích could be atËributed Lo differences in photo-

periods "

(c) Mating of A. dorsalís in Ëhe presence and absence of
A. vexans

For these experimenËs, all adulË populaËions (parenË generaËion)

were maintained under similar conditions (70-80% R.II. and Z:oC). Photo-

periods of !ZLzL2D and 16L:BD were used, as noted in Table III. As for

the prevíous experiment, insemination was used Ëo determine mating

succes s ,



TABLB II

Effect of photoperiod on mating of A. dorsalis.

Photoperiod
(L: D) Generation

ToLal no"
adulËs

Aoa

(days) Insemination

16:8

16: B

L2zL2

L2:L2

r'-1

o (a)
-1

I

2LO

1500

a

L4

a

L4

2;
20

7

L4

J

7

t4

500

10

25

30

10

10
,^

20
20
30

F'-1

E-1 500

(a)
vexans adulËs r4lere present in Ëhe cage with 1000 dorsalis500 A.

adult.s,
A.
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Percent.age inseminaËion of A. dorsalis, r¡iËh and without A. Vexans

present, is given in Table III . trrlhen populaËions of approximately equal

number and age are considered, the results appear to indicate that the

presence of 4. dorsalis increased maËing of A. vexans. However, there

is no evidence to sllggest thaË Ëhe

is affected by the presence of A.

percentage ínseminatíon of A. dorsalis

vexans.

(d) Effect of photoperiod on fecundity of A. dorsalis

Virgin female imagos which had been gíven Ëwo blood meals within

a 3 day period were placed ín individual cages (as described in tGeneral

Methodst). The adults T¡rere provided with moistened raisíns on which

they were able to feed ad lib and were placed at phoËoperiod regímes of

I2L:L2D and 16L:8D. The experiments were conducted at a constant tem-

perature of 23oC. After a period ot L4 days, all females \^7ere dissecËed

and the number of eggs reËained plus those laid per female rnlere count.ed.

The results of the experíment are suûìnarized in Table IV and Appendix A.

The mean numbers of eggs per female at the short photoperiod (12L:

LZD) and the long photoperiod (16L:8D) were 93 and 103, respectively.

There r,ras no significant dífference beËween the mean numbers of eggs per

female at the two phoËoperiods.

2. PHOTOPERIOD INDUCTION, MAIMENANCE, AND TERMINATION OF DIAPAUSE

(") Effect of differenË photoperiods, ax a consËant temperature,
on diapause induction in A. dorsalis

The phoËoperiods used for this experíment ranged from 8L:16D through
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24L:OD per diem. The experiment was conducted at a constant ËemperaËure

oof 23 C. The purpose of this experiment \,üas to determine what range of

photoperiods caused the induction of embryonic diapause and to determíne

the critícal photoperiod.

As the results in Table v and Fig. 4 indicate, a high percentage

of embryonic diapause is induced aË any photoperiod less than 14L:10D,

for those photoperiods tesËed, whíle diapause is averted at any photo-

period exceedÍng 15L:9D. The critical phoËoperiod was indicated to be

l4r2L:9lD per diem,

(b) EffecË on diapause, when different stadia of A.
were subjected to short phoÉoperiods

dorsal is

The following experimenËs were conducted to determine which devel

opmental sËage(s) of A. dorsalis responded to photoperíod. A short

photoperiod (r2L:l2D) and a long phoËoperiod (16L:gD) were used. All

experiments I,7ere carried out at a consËant temperature and humidiËy of

23oC and 70-80% R.H.,

are sumrnari.zed in Table

respectively. The results of Ëhe experiments

VI.

From these experiments it was concluded thaË \,iíth regard to diapause,

only the embryoníc stage of A. dorsalis responded t.o photoperiod. A

shorË photoperiod duríng the egg stage produced. embryonic diapause in a

high percentage ( > 95%) of the eBBs, r¿hereas a short photoperiod during

Ëhe larval, pupa1, and adult sËages, alone or together, produced vir-

tually no díapause.
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Figure 4. The effect of photoperíod on Èhe

incidence of embryonic diapause

of A. dorsalis at 23oC.
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(c) Effect of short photope
diapause in eggs of A.

riod on the maintenance of
dorsalis at 23oC

For this experiment, all batches of eggs were maintained at a con-

stant photoperíod and temperature of L2LzL2D and 23oC, respectively.

Upon completion of the ËreatmenË periods, Ëhe eggs were inrnersed in

nuËrient broth soluËion.

As the results shor¿n in Table VII indicaËe, a very high percentage

( > 90%) of the eggs remained in diapause even after 90 days, the dura-

tion of the experíment. ConsequenËly, there r{as no significant differ-

ence in the percentage hatch between 14, 30, 60, and 90 day-old-eggs

when maintained at LZL:lZD and 23oC.

(d) Effect of long phoËoperiod on the termination of
diapause in eggs of A. dorsalis at 23oC

All eggs used in this experiment were subjected to a diapause-

inducing photoperiod of I2L:LZD at 23oC for at leasË 14 days following

oviposition. Egg batches \,rere then transferred Ëo a photoperiod of

16L:8D for periods of 0, 7, L2, ar'd L4 days, as noted in Table VIII.

Exposure of diapause eggs to a long photoperiod (16L:8D) for a L4-

day Ëreatment period resulted in Ëhe Ëermination of the diapause condi-

tíon in a high percentage (> 75%) of the eggs. Those eggs exposed to

Ëhe long photoperiod for periods of 0 and 7 days exhibited a significantly

lower percentage hatch. The length of storage time at the shorË photo-

period had a significant effect on the percentage hatch. After 1/r dnr¡c

at L6L:BD a significanËly greaËer number of 28 (L4+L4) day-old-eggs
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haËched than 42 (28+14) day-old-eggs. The only dif ference \¡ras the length

of storage at I2L:12D (see Table VIII).

(e) Effect of high temperature
of diapause in eggs of A.

(:OoC) on Ëhe termination
dorsalis

Following oviposition, eggs r¡/ere maintained at a photoperiod of

L2L:L2D and 23oC. At intervals of 30, 60, and 90 days baËches of these

eggs r¡rere placed at 30oC. The photoperiod remained the same Ëhroughout

the experiment. As noËed in Table IX, eggs \¡/ere sampled aË varíous

inËervals to determine the percenËage haËch.

From the resulËs, sunmarized in Table IX, it can be seen that those

eggs subjected to the high temperaËure for a period of. 14 days showed a

significantly higher percenËage haËch Ëhan Ëhose eggs subjected to Ëhe

same treaËment for a shorter period. The results also indícate that

there is no signifícant difference in Ëhe percentage hatch due to age,

i.e. the percentage hatch of 44 (30+14) day-old-eggs vras approximately

equal Ëo the percentage hatch of. 74 (60+14), and 104 (90+14) day-old-eggs.

A photoperiod of LZL:L2D and 23oC mainËains embryonic diapause for

3 monËhs or longer (Table VII), buË aË 3OoC diapause is terminaËed at

LZL:L2D, indicating thaË Ëhe short photoperiod effect is subordinate to

high temperature.

,/ç\ :r.çç^^þ ^ç ,Ã4 ç ç^-^^þ *l^^Ê^*^--i ^J^ ^*J L.: ^L +^-^^a^L-..^^ 
ô

\r,, ú!!ççL of different photoperiods and high Ëemperature (30-C)
on the termination of diapause in eggs of A. dorsalís

Diapause eggs which had been maintained at a phoËoperiod of. 12L:L2D

and 23oC were used for this experÍmenË. In order Ëo determine wheËher
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a simultaneous influence of high temperaËure and long photoperiod could

increase the percenLage hatch in diapausing eggs, batches of eggs were

subjected to a high temperature of 3ooc and a photoperiod of r2L:!2D or

16I:8D for a treaËment period of L4 days.

The results of the experiment are given in Table x and indicaËe

ËhaË at a high temperature Ëhere is no signifícant difference in per-

cenËage hatch at the differenË photoperíods, The termination of embryo-

nic diapause appeared Ë.o be dependent. upon exposure to a high Ëempera-

ture rather than exposure to a long photoperiod, i.e. the influence of

photoperiod is subordinaÉe to the effecË of high Éemperature.
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CITÀPTER V

DISCUSSION

1." EFFECT OF PHOTOPERTOD AND TEMPERATURB ON REARING, MATING,

AND FECTJNDITY OF A" DORSALIS

(a) EffecË of photoperiod and temperaËure on devel-opment
in A. dorsalis

The results, as summarized in Table I, and the obser¡¡ations made

during Ëhe experimenËs indicate that the optimum temperature for devel-

opment and survival of $.. dq¡salis in the laboratot? is 23oC. Although

the higher temperatures generally increased Ëhe raËe of developmenË,

those indíviduals reared aE 23oC appeared to be larger and heaLthier

than those reared at higher temperaËures. Since matíng behaviour and

fecundíty of an insect are conËingent upon its staËe of well-being, 23oC

was selecËed as the optimum rearing Ëemperature.

As no attempt. r^¡as made to separate the differenË stadia as Ëo sex,

there is need for furËher discussion of the resulËs sumrnarized ín Table

T and Fíg. 3" In field and laboratory populations observed during Ëhe

course of this study, adulË, males emerge 2-3 days prior to adult females"

Therefore, Ëhe development of male larvae and pupae proceeds more rapidly

than the development of the female larvae and pupae. Since the resulËs,

as shown in Table I and Fig. 3, have been recorded as the first 507" of one

stage of the population to reach the next stage, males comprise the majoriËy

of the individuals recorcled. The results show, however, the influences of
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temperaËuïe and photoperiod on the development and survival of A. dor-

salis in Ëhe laboratory.

The influence of photoperiod on the developmental raËes of Ëhe

ímmature stadia I¡Ias apparent only at zOoC. AË this temperature the

time of development at the short photoperiod (l2L:12D) hras greater than

at the long photoperiod (16L:BD). The difference in developmenËal raËes,

however, ü7as not reflecËed on Ëhe percenËage morËalíËy as neíËher phoËo-

period appeared to contribuËe significantly to the resulting morËalities 
"

percentage morËality aË 29oC was sígnificantly greater at the long photo-

period than at the short phot.operiod during the pupal stage. However,

these differences may be dependent upon possíble deficiencies caused in

the preceeding stages by the unusually rapid development at above-

optimum t.emperatures. There uras no significant differences in develop-

meriË rates or morËalíty due to photoperiodic treatmenËs at the optimum

temperature. The unusuaLLy Large sËandard deviatíons obtained at 16L:8D

may be, in part, aËt.ributed t.o a greaËer number of replications per

trial or Ëo a some\^IhaË modified rearing technique. At the long photo-

period, Ëhe waËer ín Ëhe LarttaL paris r^7as towelled on alternate days

rather than daily as for the short photoperiod trials. It is suggested

Ëhat this modification of technique plays no significanË role in the

experimenËal results.

Under opËimum temperature conditions, completion of larval develop-

ment took place in 7-B days, while pupal metamorphosis required an addi-

t,ional ll-2 days príor to adult emergence.
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(b) Effect of photoperiod on the mating of A. dorsalís

From the results of the experiments sur¡rnarized in Table II ít is

Ëhe highest incidence of coupling occurred during Ëhe periods of chang-

ing 1-ight intensities (simulaËed dusk and dawn). This fact would suggest

that the duration of the periods of changing light intensities, rather

than the duraËion of photophase, would influence mat.ing behaviour and

success. The duration of dusk and dawn periods was kepÉ constanË for

all populations, so Ëhe validity of Ëhis suggestion is stilL to be

tes ted .

The percent insemination increased with Ëime, and the maximum

maËing occurred between days 7 and 14 of adul-t life" IË is difficult

Ëo determine from Table II whether population size is critical- in ín-

fluencing mating success.

(c) MaËing of A. dorsalis in the Presence and absence of
A. vexans

evident that the length of the photophase had no effect

A. dorsalis. As previously described (see rcolonization

During preliminary investigaËions with populations

and A. dorsalís it lras observed that the presence of A.

creased mating of A.

taneously in Ëhe same

vexans when the two populations were placed

cage. Swarming of males was noted when A.

vexans was Ëher,/as present, buË no swarming was observed when A.

species in the cage. It appears that mating of 4.

Lhe presence of a species, like A. clorsalis, thaL

on mating of

Techniques | )

of A. vexans

dorsalis in-

simul-

dorsal is

only

vexans ls lnduced by

large cage"svrarms l-n a
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Although dorsalis had mated successfully in a cage in the absence of

A. vexans (see Table III),

vexans either inhibited or

it was possible that

increased maËing of

the presence of A"

A. dorsalis. The re-

of A. vexans

there is not

is a need for

sults shown in Table III may suggest that Ëhe presence

increased the matíng response in A. dorsalis, however,

sufficient evidence to \^Tarrant thís conclusion" There

further ínvestigaLions to test the validity of the suggesËion.

The relative ease of rearing A. dorsalis and A. vexans togeËher,

as well as the simplicity ín idenËifying

of each species, allows the mainËenance

two species. The resulËs of the mat.ing

(d) Effect
of A.

the mature and ínrnaËure stages

of a continuous colony of the

experíments indicate ËhaË under

laboraËory conditions Ëhe two species exhibit a symbioËic relaËionship;

Ëhe percentage insemination of neither species is hindered by the pres-

ence of the oËher species. Mating conditions in the field are undoubtedly

quiËe different, and maËing success in either specíes is independent of

Ëhe other.

of photoperiod on the fecundity of virgin females
dors al is

AlËhough the actual fecundiËy of Ëhe female imago, i.e., the ËoËa1

number of eggs developed within the ovary, provides a reasonable esti-

mate of the reproducËive capacíty of a species, Ëhis value is subject to

several variables, including nuLrition, temperature, humidity, maËing

and oviposition stimuli, and phoËoperíod.
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Although Ëhe behavioural characteristics of the A. dorsalis adults

appeared to be unaltered by either the short-day or the long-day photo-

period, it was deemed necessar1¡ to evaluate the photoperiodic influerì.ce

on the physiological characteristics of Ëhe adults, which in all like-

lihood would be reflected in Ëhe developmenË of the ovaries. By regulat-

ing all other variables under constant condítions in the laboraËory, ít

T/üas possible to isolate photoperiod and to assess the influence it

exerted on ovarian development or fecundiËy.

The results as shown in Table IV and Appendix A denote Ëhat no

significanË dífference in ovarian development exists due to phoËoperiodic

effect. The wide range in the egg number per female shows primarily that

Ëhe quantiËy of blood engorged by each female differed considerably, and

Ëhis was responsible for Ëhe difference in the number of eggs produced

(Volozina, L96I, !963, L967).

2. PHOTOPERTODIC INDUCTION, MAIMENANCE, AND TERMINATION OF DÏAPAUSE

(a) Induction of Diapause

The role of phoÉoperiod ín the induction of embryonic diapause has

been stressed as one of the essentíal factors governing seasonal cycles

of many insects (Lees, L955; de Inlilde, L962; Danilevskii, L965; Beck,

1968). The acËion of phoËoperiod cannot be regarded as írmnediately

favorable or unfavorable; the stimulus does not act direetly upon Lhe

Ëissue cel1s but exerts its influence Ëhrough the nervous system and

endocrine organs (Danilevskii, L965; Mansingh, 1-97L). It is neither
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Ëhe absolute duration of photophase nor scotophase that appears to con-

trol diapause, but. rather the duration of each relaËive to the other

(Lees, 1955; Corbet, 1956; Danilevskii, 1965; Adkísson, 1966; Beck,

1968).

From Table V, it can be seen that, at a constant temperature of

ar

23-C and aË photoperiods of BL:16D through 14L:10D a high percentage

( > 9O%) of A. dorsalis eggs are índuced Ëo diapause after L4 days.

Photoperiods of 15L:9D through 24Lz0D induced significanËly fewer (< l4%)

eggs to diapause under similar conditions. The effect of different photo-

periods on the incidence of diapause is plotËed as a diapause inductíon

response curve shor.vn in Fig. 4" A" dorsalis exhibits what Beck (1968)

refers Éo as attType lrr inducËion curve (long-day response) in r,¡hich re-

latively long daylengË.hs tend to favour continuous growth, while short

daylengths favour diapause.

The critícal photoperiod, defined as being the point on the response

curve at which Ëhe Ëransitíon from a long- to a short-day effecË occurs

(Beck, 1968), uTas indicated in the experiment report.ed herein as being

14lL:9lD per diem. The 50% response point on Ëhe population response

curve was chosen to represent the critical phoËoperiod" The work of

McHaffey and Harwood (1970) indicated that the ttbreakoff poinË for dia-

pause induction is either aË 11-hr. or somewhere between 11-hr. and

I34-hr. phoËoperiodrr for A. dorsalis eggs in central trlashington (46oit.

1at.). This dífference in the critical phoËoperiod among populations

is due to the facË ËhaË insect species may consist of many geographical
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sËrains (races), each of which exhibits a characterÍstic critical photo-

period (Danilevskii, 1965). These experimenËs on induction measure onlv

the end result of a sequence of physiological responses which ultimatelv

determine the response of the individual. This all-or-none resÞonse of

eclosion for each egg may differ beËween Ëhe stimulus reguirements needed

to excite the hatching response in individual eggs (de irrilde, L962).

Many investigators have demonsËrated thaË the effect of photoperiod

is cumulatíve, i.e. the photoperiodically sensitíve period preceeds the

stage associated with diapause. Anderson (1970) has shown that the late

instars and subsequent sËages of growËh, includÍng the developing F,

embryo, are sensitive to length of day in A. sollicitans. The fourth

larval instar, pupa, and adult of A. aËropalpus are the sËages sensitive

to photoperiod (Anderson, L96B; Kalpage, L97o). Both embryonic and

larval diapause has been noted to occur ir A. triseriatus (Kappus and

venard, 1967; clay and venard, Lg72), depending upon the geographical

location of Ëhe strain and the conditions of diet and temperature; a

slowed rate of larval developmenË can aid in the índuction of. as well

as be a part of, the diapause condition (clay and venard, rgTz).

McHaffey and Harwood (1970) sËated that there appeared to be a trend

Ëoward an increase in diapause of A. dorsalis eggs as the photoperiod

Ëo which the female imago \.{as exposed decreased in length. Eggs from

t]ne L3L-hr. females Trere the mosË sensitíve to a diapause-índucing

photoperiod. McHaffey and Harwood (1970) have therefore deemed embryo-

níc diapause in A. dorsalís Ëo be, in parË, subject to maternal influence.
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From the results

evident that diapause

of the experiments sunrnari-zed in Table VI iË is

induction in A. {gË€e_l_fq- eggs is not a cumulative

effect of photoperiodic influence on the preceding developmenËal stages.

Eggs subjected to a shorË phoËoperíod (LZL:LZD) exhibíËed a hÍgh per-

centage diapause ( > 95%) while eggs subjecËed to a long photoperiod

(16L:BD) e>dribited a very low percentage diapause ( < 5%). In contrast

to what Mcgaffey and Harwood (1970) have found, the above results show

that diapause is not subjecË to the influence of phoËoperiod on the

preceding stages.

ïn order to relate the laboraLory daËa Ëo natural photoperiods as

experienced in the field, a cycle depícting daylength (inclusive of

cívíl twilight) r¡/as prepared as shown in Fig. 5. Allowing Ëhat the cri-

tical phoËoperiod is approximateLy L4lLz9lD per diem, the eggs of A. dor-

salis could be expected to enter a diapause condiËion during Ëhe latter

part of August or early September. The inducËion of diapause prevenËs

unseasonably late egg hatch which could decimate Ëhe population. tr{ínËer

would Ërap the developmental or adulË sËages before the new eggs could

be laid. Diapause also permits the late surtrner eggs to undergo the

appropriate physiological adjustmenËs necessary to withsËand severe

winËer condiËions. A diapause condiËion is essential for Ëhe maintenance

of prolonged cold-hardiness. IË is well known that the lower the rate

of meËabolism, the greater is cold-hardiness, and intensity and duration

of diapause (Mansingh, L97l). Those eggs failing to enËer diapause due

Ëo photoperiodic Ínfluence may not be prepared Ëo vüithstand Ëhe cold
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temperatures in late SepËember - early October, before there is suffí-

cíent snowfall to insulate the eggs from the nightly low air tempera-

tures at this tíme of year. Experiments designed to ËesË low tempera-

ture effecËs on non-diapausing and diapausing eggs are needed.

(b) lvlaintenance of DiaPause

The duration of diapause provides some measure of Ëhe rrintensityrr

of diapause in an insecË species (Lees, 1955). The intensity of diapause

is generally thoughË Ëo be inversely proporËional to metabolic and devel-

opmental rates, or directly proporËiona1 Ëo the degree of suppression

of these rates (Beck, 196S). The concept of rrdiapause developmentt' has

been defined by Andrewartha (1952) as the physiological developmenË thaÉ

occurs during diapause in preparation for the resumption of morphogene-

sis. Those definitions r¿hích have interpreËed diapause as a state of

ItarresËedrt growth and development are inconsistent with the definition

proposed by Andrewartha. Failure to define the processes as eiËher

anaËomical or physiological may, in parË, contribuËe to Ëhis contradic-

Ëion. It is generally accepted thaË a state of ttsuppressedrr metabolism

and development does occur duríng the diapause condition. Beck (1968)

has stated thaË Lhe diapause sËaËe is rarely accompanied by morphological

characËerisËics that permit iimnediaËe easy identíficaËion of eiËher dia-

pausing or nondiapausing insects 
"

The resulÉs of the experiment shown in Table VII indicaËe that eggs,

mainËained under a shorË photoperiod aË 23oC, remained in diapause for
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a period of

subjected to

this point.

1952) in the

3 monËhs, as only a small percentage ( < 10%) hatched when

a haËching stimulus " The experimenË vras terminat.ed at

The daËa suggests that diapause developmenË (Andrewartha,

eggs of A. dorsalís is
ô

very slow at 23-C.

(c) TerminaËion of Diapause

Very little is known abouË Ëhe mechanisms by which either tempera-

ture or phoËoperiods hasten Ëhe completion of the diapause stage. The

physiological relaËionships, for Ëhe most parË, have noË been invesËi-

gated. Mansingh (1971) lends support to the view that diapause devel-

opmenL or Ëhe ttrefractory phasett of diapause brings about the ttactivaËed

phasetr or Ëhe physiological abí1ity to reacËivaËe endocrine acËivity in

diapausing índividuals. The resumption of neuroendocrine activity

appears to take place under favorable environmenLal conditions, gradually

restoring all physiological and biochemical development.al processes Ëo

atnormalr sËate.

Accordingly, diapause is not terminated inrnediately upon the reËurn

of favorable condiËions; the actívated condiËion of the Índividual and

Ëhe nature of the stimuli deËermine Ëhe rate of diapause termination

(Mansingh, I97L) "

It is evident, in revíewing the

experimenË, that eggs in the diapause

by subjecËing Ëhem to an appropriate

demonstraËed Ëhat prolonged exposure

results of the diapause-maintenarì.ce

condition could be activated onlv

sËimulus. Many investigaËors have

Ëo low Ëemperatures Ëerminated Ëhe



ol

diapause condiËion in the eggs of a number of insect species. Tn this

laboratory, it has been observed ËhaË the embryonic diapause of a number

of mosquito species, includ:-ng 4.. dorsalis, could be termínated by sub-

jecting the eggs Ëo a tenperature of 5oC for 3-4 monËhs. The primary

concerrr of this investigation was to deËermine an alËernate method which

would reduce the duraËion of the refracËory phase of diapause eggs.

A preliminary experimenË was performed to determine the effecË of

long-day photoperiod on Ëhe Ëermination of diapause in eggs of A. dor-

salis. Those diapause eggs which were not subjected to a long photo-

period treatment exhibited a very 1ow percentage hatch ( < 3%), as shown

in Table VIII. Those diapause eggs whích r¿ere subjecËed to L4 days of

long-photoperiod treaËmenË showed a high percenËage hatch. It is inËer-

esËing Lo note that the intensiËy of embryonic diapause appeared Ëo be

direcË1y related to the duraËion of the short-phoËoperiod treatment,

i.e. those eggs exposed Ëo Ëhe diapause-inducíng conditions (l2L:l2D
ô

and 23-C) f.or L4 days exhibited a significantly greater percentage haËch

after tÎ:,e L4-day long-phoLoperiod treatment than did Ëhose eggs exposed

to the diapause-Índucing condítions for 28 days.

Previous invesËigatíons by Telford (1963) and Khelevin (1959) have

neglected Ëhe role that phoËoperiod performs in Ëhe termination of

embryonic diapause. Studies conducted by Baker (1935), Love and trrIhelchel

(f955) , Kappus and Venard (L967), Anderson (1970), and Kalpage (1970)

have demonstrated that fu11y formed diapausing embryos of numerous multi-

volËine mosquiËo species are sensiËive to photoperiod and ËhaË Ëhe
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diapause condition can be terminated by

períods. The result.s of the experiment,

show an effect of long photoperiod at 23

exposure to long-daY Photo-

shown ín Table VIII, clearlY

oC on the termínation of dia-

pause in eggs of A. dorsalis.

A second experiment \,Ias conducted to determine the effecË of a

high temperature on the termínation of embryonic diapause. The results

of the experirnent, sun¡narized in Table IX, indicate thaË an elevatíon

in t.emperature to 30oC accelerates Ëhe processes of diapause develop-

ment and neuroendocrine acËivity necessary for terminaËion of diapause.

High temperaËures abbreviate the activated condition in diapausing

indivíduals by increasing the relatíve rates of all the physiological

and biochemical developmental processes (Mansingh' L97l). trlhen com-

paríng the effecËs of phoËoperiod and temperature on the termination of

embryonic diapause (fable VIII and Table IX, respecËívely), it is diffi-

cult Ëo determíne wheËher or riot high Ëemperature Ëerminates díapause

more rapidly than long photoperíod. The final result is the same, when

either long photoperiod at 23oC, or high temperature (30oC) is used

separately on eggs which have been maintained at diapausing conditions

for L4 days. However, when the two stimuli are separately applied to

eggs which have been maintained at diapausing conditíons fot 28 days or

longer, then high Ëemperature (3OoC) brings about diapause Ëermination

more quickly than long photoperiod (at 2:oC).

A third experimenË was carried out Lo evaluate the simulËaneous

effecË of high temperaËure and long-day photoperiod on Lhe termination
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of embryonic diapause. In the previous experimenË (Table IX) high tem-

perature terminaËed the diapause condítion in a high percentage of the

eggs even at the díapause-inducing phoËoperiod. Thus at a long-day

photoperiod, it would be expected that high temperature would either

(a) Ëerminate the diapause condition in a shorËer period of t.ime, or

(b) cause a greaËer percenËage haLch Ëhan r¿as possible aË a short-day

photoperíod. However, the resulËs as shown in Table X indicate that

the íncidence of photoperiod on Ëhe Éermination of diapause is masked

by high temperature and eggs haËched as readily at I2L:L2D as at 16L:BD"

As previously noted, embryonic diapause in A. dorsalis was also

Ëerminated by subjecting the eggs t.o a prolonged period of low Ëempera-

a)

ture (5-C) even though the photoperiod T¡zas ca. 0L:24D per diem. This

observatíon is in agreement with Horsfall (1956), Beckel (1958a),

Khelevin (1959), Horsfall and Fowler (1961), Brust and Costello (1969),

Anderson (1970), McHaffey and Harwood (1970), and E1lis (L973) v,¡ho have

demonsËrated ËhaË diapause is terminaËed even under dark conditions.

IË is noË known wheËher a long phoËoperiod at 5oC would speed up the

termination of diapause. Preliminary experiments carried out on A. hexo-

donËus Dyar in Ëhis labotaíory, indicated that phoËoperiodic conditions

did noË affect Èhe percentage hatch after 3-4 months (Brust, person.

cormn"). This supporËs the general thesis that photoperiod effecËs are

masked at, extreme high or low temperatures.
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Although the influence of photoperiod on diapause termination

aPpears to be subordinate Ëo high ternperature, this is of little eco-

logical signifícance as high temperatures could only occur during sea-

sons when daylength ís favorable for growth conditions. since cold

temperatures probably terminate diapause before the appropriaËe phoËo_

period and Ëemperatures occur in the sorinø ir ís suggested that

neiËher long phoËoperíod ( > l4ZLljLrD per diern) nor high temperature

pLay a vital role in terminating diapause in the eggs of A. dorsalis

under field conditions. It is therefore proposed. that studies be con-

ducËed to determine Ëhe specific Ëime, aË a short photoperiod and low

Ëemperature, required to terminaËe diapause in A. dorsalis eggs and

Ëo determine the stimulus required Ëo induce a haËching response in

Ëhe eggs.
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1.

CHAPTER VI

SUIO,IARY

The optimum Ëemperature for development and survival of A. dorsalis

in the laboratory rs 23oc. Those individuals reared at thís tem-

perature appear to be larger and healthier Ëhan those reared aË the

other experimental temperatures. Under optimum temperature condi-

tions, completíon of larval developmenL takes place in 7-8 days,

while pupal metamorphosis requires an additionaL Lró-z days prior Ëo

adult emergence.

ô

^t 
23-C, Ëhere is no apparent influence of photoperíod on the de-

velopmental rates or morËalíËy of A. dorsalis. The length of photo-

phase had no effect on mating (percenËage insemination) of A. dor-

salis. The duration of the periods of changing light inËensíties

(dawn and dusk) may influence mating behaviour and the success of

copulaËion. There is no signíficant difference whích can be at-

tríbuted to phoËoperiodíc influence in Ëhe number of eggs produced

(fecundity) be female imagos.

The presence of A. dorsalis appears to increase the mating response

ir A. vexans r¿hen the two species are placed simultaneously in the

same cage. There is no evidence to suggesË that the maËing of A"

dorsalís is affected by Ëhe presence of A. vexans.

)

J.
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6.

4" The loca1 strain of A. dorsalis shows a high incídence of embryonic

díapause aË shorË photoperiods of BL:16D Éhrough 14L:10D and a con-

stant temperature of 23oC. A diapause condiËion is not evident in

eggs at long photoperiods of l5L:9D througt. Z4L:0D at Z3oC.

The critical photoperiod, wiËh regard to embryonic diapause, is

indicated to be LîrzL:9lD per d.íem aË 23oC.

Diapause inducËion in A. dorsalis eggs is not a cumulative effect

of phoËoperiodic influence on Éhe preceeding development.al sËages.

Eggs subjected to a short photoperiod (12Lzr2D) for !4 days exhib-

ited a hígh percentage diapause while eggs subjected to a long

photoperiod (16L:8D) for a similar period of time exhibited a very

low percentage diapause.

Díapause eggs, if maínËained under diapause-sustaining condiËions

(L2L:12D and zsoc), remain in a diapause state for a períod of at

least 3 months. High temperaËures ç:ooc¡ culminate the diapause

condition ín eggs afËer L4 days. This evidence suggesËs thaË the

Itdiapause developmentrr processes (Andrewartha, L952) are accelerated

at a high Ëemperature. The influence of phoËoperiod on the termina-

tion of díapause is masked by high ËemperaLure, i.e., the effect of

photoperiod ís subordinate to the effecË of high temperaËure.

Long-day photoperiods (16L:BD) terminaËe embryonic diapause after

a period of L4 days at 23oC.

7"

a
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Effect of photoperíod on
eggs of A.

APPENDIX B

the índuction
dorsalis at

diapause in the
C.

UI

230

Photoperiod
(L: D) Sample

Total no.
Viable eggs

No. eggs %

Unhatched Díapause

8: 16

I0zL4

L2:12

13:11

132:LjL

1 /, .1^

L4L:94

15z9

16:8

1B: 6

24:0

1

2

1

2

25

23

32

2L

3B

64

2T

33

¿+

1B

22

11

26
29

25
23

32

2L

35
5B

2L

32

23
1B

1B
1'l

L2

11

5

1

0
'l

I
1

a
J

100.00
100 .00

100.00
100 .00

92.t!
90. 63

100 .00
96.97

95 .83
100.00

BL.B2
100 .00

+o. r.)
37 .93

L6.67
2.22

0.00
3 "23

/, 1-7

+./o

8.57
19 .05

I

2

I
2

1

2

J)

21

1

2

I
2

I
2

I

2

1

2

1

2

30
+)

52

JI

t/,

2L
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APPENDTX C

Effect of long-day (16L:BD) and short-day
applied to the developmental stages

(LZL :L2D) photoperiods
of A. dorsalis,
diapaus e.on the production of embryonic

Developmental SËages

exposed to photoperíod

L:D - L2:I2 L:D - 16:8 Sample
Viable Unhatched %

Eggs Eggs Diapause

L12,314, PrA,g:ltk

l1213r4rPrE

AEÃtú

1,2,3,4,P

L 12r3 r4,P rA

L,2,3,4,P

Lr2r3r4rPrA

Lr2r3r4,P,E

dtú

L,2,3r4rPrA.,E

30
35

JO

1B

24
I7

34
4/
+)

13

L7

45
53
¿+J

25

30
44

30

37

31

E

1

2

5

1

2

J

I
2

J

2

3

I
2

J

I

2
{

1

2

J

I

2

J

22

30
10

22

28
10

29
JJ

36

1B
t/,

I7

32
46
44

1

0

0

1

0

2

0

I
I

2

0

I

100 .00
93 .33

100 .00

96.67
94.29

100.00

100 .00
100 .00
100.00

o/, 1 ')

97 .87
97.78

7 .69
0.00
0 .00

2.22
0 .00
4.65

0.00
3.33
2.27

6.67
0.00
3.23

:k:l ¡n*6s¡s indicate larval insËars; P=pupa; A=adult; E=F., embryo.
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APPENDIX D

Effect of the hatching sËimulus on diapause eËgs

maintained at L2L:12D and 23 C.
of A. dorsalis.

Age of
Eooc*ÞÞ- Sample

No. eggs
HaËched

ToËal no.
Víab1e eggs Hatch

t4

30

60

90

I
2

0

0

0

26

JJ

44

24
?ñ

28

36

0.00
0.00
0.00

0 .00
o.o /

3.57
8.33

6.06
6.90

33
29
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EffecL of phoËoperiod
of

APPENDIX E

the termination of diapause in eggs
dorsalis at 23oC.

on

A.

No. days at

L2L:L2D l6L:8D Sample
No. eggs
Hatched

Total no.
Viable eggs

ol

Hatch

t4

I4

L2L4

t4

2B

2B

L42B

1

2

J

1

2

1

2

J

1

2

'l

2

3

1

2

J

1

2

0

0

1

L4

9

10
T2

1l

T6
1/,

11

0
1I

0

11

15

24

22

27

15

42
22

24

2B

27

11

t)
L2

L/
t4
L2

11

L7

20

26
25
JO

0 .00
0.00
4.Lt

50.00
33 .33

90.91
80"00
9r.67

94.L2
100.00
9t.61

0.00
5 .88
0 .00

46.92
60.00
66 "67

78,57
79.4r
68" 1B

28
34
22
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Effects of high
:^ ^--^ ^EIII CËËÞ u!

APPENDIX F

temperature on the termination of diapause
A. dorsalís, maintained at L2L:LZD.

No. days at

z3oc
o30c Sample

No. eggs
Hatched

Total no.
Víable eggs Hatch

30

JU

1030

L430

t460

L490

2

1

T9

11

L6

25

22

28

25

31

30
26

27

2B

JL+

30

31

39

,L
28

27

33

JI

27

1 /,1

I C7

58.82
36 "67

48 "39
6L.54

9L.67
100.00

92 "59
93.94

96.77
96.30
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