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ABSTRACT

outbreaks of western equine encephalítis (I^IEE) vlrus in man and

horses are a reoccurríng problem in southern Manitoba. In Manítoba this

virus has been isolaEed from Anopheles earlei Vargas, Culex restuans

Theobal-d, Culex tarsalís Coquillett' and Culiseta ínornata (Williston) .

These species all overwinter as adult females.

The population dynamics of Cx. restuans, Cx. tarsalls and Cs. inornata

¡¿ere studied Ín southern Manitoba by sanplíng the population of adults

attracted to carbon dioxide baited light traps and by sampling the popu-

lation of gravid females aÈtracted to oviposítion pools.

Monitored oviposltion activíty and líght trap catches showed that

Cx. restuans and Cx. tarsalís may have 3 generations/year and Èhat Cs.

ínornata has 2 generatÍonsfyear. The peaks ín oviposition activíty and

CDC líghr trap catches of Cx. tarsalís best fit the seasonal activíty

of I,IEE, whích lends supporE to the idea thaÈ ít is the prímary vector in

Manítoba. Culex restuans may be an important epizootic vector, whíle

Cs. ínornaEa ís probably not an important vector of I{EE. The oviposition

pools atËracted fair numbers of gravÍd Cx. restuans and Cs. inornata, and

the relative numbers of egg rafts follor¿ed a similar trend each season.

The oviposition pools did not attracÈ gravíd females of Cx. tarsalís

in numbers representative of the adult populatíon taken í-n CO, baited

líght traps. Díel monitoring of ovíposltion activity showed 2 peaks

by Cx. restuans; a major one 2 to 4 hours after sunset, and a minor one

at sunrise. Culex restuans egg rafts laíd ín early suntrner had sig-

níficantly more eggs per raft than those laid in the spring and late

sunner.
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Díapausíng An. earleí, Cx. tarsalis and Cs. inornaÈa were collected

and offered a blood neal to see if they would exhíbit gonotrophic dís-

socÍation and therefore be a possible overwínteríng mechanism for I,rrEE.

OverwÍntering An. earlef were collected ln December, 1980. Forty-two

were offered a hunan blood meal, and of 25 that f.ed 24 exhibíted gono-

trophic dissociatlon. Two Cx. tarsalis coll-ected in December, 1980,

rvere offered human blood meals. Both fed, but neither of them devel-oped

eggs. Culiseta inornata females collected in LaÈe August, readily took

blood (L9/20). Eighteen of the 19 blood-fed females developed eggs.

Some ejected theír first blood meal but accepted a second.

Anopheles earleí and Cx. Èarsalís may be ímporÈant ín the overwÍnter-

íng of I,IEE vÍrus. It is possible that díapausing females may take an

infecÈed blood meal, exhíbít gonot.rophic dissocíation and then harbour

the virus over Èhe r¡ínter
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FOREI^IORD

The format followed for thís Thesís is the manuscript styl-e. Thís

Thesis contains four manuscripts. The manuscrípÈ entitled "Some popu-

laÈíon parameters of Culex resLuans' Culex tarsalis and Culiseta inornata

(CulícÍdae:Diptera) fron southern ManíÈoba" will be submitted for publi-

catíon at a later date. The påper entitled "Blood feeding and gono-

Èrophíc díssocíation Ín overwíntering Anopheles earlei (Oíptera:Culi-

cídae) from southern ManíÈoba" by l,I .J. Gallaway and R.A. Brust has been

publ-ished Ín The Canadian Entomologist 114:11-05-1107. The paper

entitl-ed "Blood feeding in overwintering Culex tarsalis (Díptera:Culí-

cídae) f rorn Manítoba" by P..I^I. ArnÈf íeld, W.J. GalLaway and R.A. Brust

has been published in The Canadian Entomologist 114:85-86. The final

manuscript "Blood feeding in diapausíng Culiseta ínornata (Díptera:Culi-

cidae) frou souËhern Manitoba" ís prelimínary, and wí11 requíre addítional

work to complete.
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INTRODUCTION

In Manítoba, the first known outbreak of r¿estern equine encephalítis

(LrEE) occurred in horses in l-935 (Medovy L976). Sínce then, outbreaks

have occurred periodical-ly ín both horses and man (t"tedovy L976).

I^Iestern equine encephaliÈís virus has been ísolated during Ju1-y and

August from several specíes of mosquítoes found in Manitoba (Norris L946,

Sekla et al. l-980). Four of these specíes, Anopheles earlei Vargas,

Culex restuans Theobald, Culex tarsalis Coquillett, and Culiseta inornata

(i^li11is ton) overwinter as adult f emales (Lrlood et al . f979). Culex

tarsalis ís probably the prirnary vector of this víruS in llanitoba

(Henderson et al. L979, Sekla et al. 1980);

secondary vectors.

the other 3 species may be

Aeríal spraying of propoxur (Baygon) was carried out to control vector

populaÈíons of mosquitoes duríng the 3 mosÈ recent outbreaks of I^IEE ín

Manítoba (Ellis, R. pers. cormr.). Thís rnethod of vector control is

costly, its effectíveness ís dÍsputed, and it nay damage the environment.

Increased knowledge of vector biology can increase the efficíency of

surveillance techniques for both vecÈor populatíons and arbovirus ac-

tivity and increase the effectíveness of control methods by enabling

insecticides to be appJ-ied when vector populations are most vulnerable.

With these goals ín mind a study was carried out to ínvestígate the

seasonal popr'lation dynamics of Cx. resÈuans, Cx. tarsalis and Cs.

inornaËa. An ovíposition monitoring technique and CDC light traps \^lere

used in thís study.

The overwintering mechanism of trIEE ís unknown, although there are

nany hypotheses (Reeves L974). A possible way for I^IEE to overwinter is
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in oven¿l-nÈering adult female mosquiÈoes Èhat have taken an infected

blood meal and then used ít as an energy source, lnstead of a proteín

source for vÍÈell-ogenesis. The process of not developing eggs after

taking a blood meal is called gonotrophic dÍssociatÍon. It is known to

occur in several species of Anopheles and Culex (lJashino L977). The

possíbilíty of gonoËrophíc díssocíation occurring in diapausíng An.

earlei, Cx. tarsal-is and Cs. Ínornata frorn Manítoba was investigated in

this study.
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LITERATURE REVIEI^]

Ner¿ Jersey and CDC Light TraPs

Sarnplíng techniques for adult female mosquitoes have been reviewed

by Service (1976). The New Jersey light trap (tl.flf) is used throughout

North America for monitoring mosquito populations. The CDC líght trap

is most corunonly used for collecting live mosquitoes for arbovirus iso-

lations. The history and uses of these 2 Èraps will be briefly reviJwed.

The NJLT was origínally desígned by Headlee (1932) and then im-

proved by Mulhern (1934) (see }lulhern 1942, Huffaker.'and Back 1943).

Mulhern (L942) descríbed, íllustrated and discussed the uses of the

present NJLT.

Huffaker and Back (f943) compared NJLT catches from Èraps wíth 1íght

as the attractant, 1íght and COr COZ, and no attractant. The trap with

líght and CO, collected 3 times more mosquitoes than the others combíned.

They found Èhat the trap with no attractant collected the most repre-

sentative sanple, although it did not capture many mosquitoes. Tt r¿as

concluded that aËtractants affected both the numbers and types of mos-

quítoes collected.

New Jersey light traps are used in mosquito control and in arbovirus

surveillance programs. Both the ciÈy of winnipeg and cíty of Brandon

MosquíÈo Control Distrícts use the NJLT to monítor mosquíto populations

(Ellis, R.A. peïs. coÍ¡rtr.; pers. obser.). These types of traps r^rere used

in arbovirus surveíllance by the Manitoba government (Brust and Ellis

Lg76). Olson er al. (1979) used the NJLT in Calífornía from 1953 to L973.

They correlaËed Cx. tarsalis populaËion índices r¿íth the íncídences of

St. Louis encephalitis (SLE) and LTIEE.
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The cDC míníature l-íght trap is a portable, battery-powered líght

trap that was developed by Sudia and Chamberlaín (1962). The use of dry

ice (COr) baít r¿íth this trap r^ras found to increase the catch by at leasË

four-fold and increase the number of species trapped by 20 to 25% (Newhouse

et al-. 1966)

CDC rníniature J-ight traps baíted wíth dry ice have been used to

collect mosquiËoes for arbovÍrus surveíllance and for populatíon studíes.

Taylor et al. (1971) used a CDC light trap to obtaín large numbers of

mosquítoes for California group arbovirus surveillance ín Florída. In

Iowa, Rowley et a1. (l-973) used these Èraps to collect 69,464 mosquítoes

in 1971 for arbovÍrus surveillance. Þlitchel-l et al. (L979) used CDC

light t.raps vrÍth dry l-ce to coll-ect mosquitoes and Culicoides during an

eastern equine encephalitís ouÈbreak ín the Dominican Republic. In New

York, Srihongse et al. (1980) used dry ice baíted traps to collect

glr},O47 mosquítoes of 5 genera f.rom L972 to L977. They obtaíned 228

viral ísolations from 20r6L6 pools tested. Helson et al. (1980) used

these traps to collect mosquiÈoes for a SLE surveilLance program in

southwestern Ontario where Cx. pipiens Línnaeus is probably the main
(

vector of SLE. In L982, the ManíÈoba Arbovírus Surveíllance Program began

usíng CDC light traps baíted with dry ice ín place of the NJLT. The CDC

Lraps are used Ëo collect líve mosquitoes for vírus tests and for popu-

lalion s¡udíes (Brust, R.A. pers. cormr.). These sÈudies indicate thaË

the CDC líght trap baited ¡^ríth dry ice is a suitable trap for collecting

mosquitoes.

There appears to be a trend towards the use of the CDC líght traps
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in recent years. It is hoped Èhat thís Ërend will- result in a standardi-

zatíon of trapping methods. In this I^7ay coÍrparisons of mosquíto poPu-

laÈion levels can be made over large areas and base l-ine data can be

established so that, in the future, a better predíction of arbovirus out-

breaks can be made.

OviposítÍon Monitoríng Techníques for
Culex and Culíseta sPP.

Ovíposition actívíLy is often monitored in studíes on mosquito

populatíon dynamícs. Most of the Culex and Culiseta species are v¡e1l

suíted to oviposition monitoring because they l-ay theír eggs in visible

rafts on the qTateï surface. This technique may represent an inexpensíve

alternative to light traps for the monitoríng of Culex and Culiseta species

in arbovírus and pest survei]lance programs. Pools of various sizes

have been used to study the ovíposíÈion biology of a varíety of species '

A few of these studíes wíll be revíewed.

De Meillon er al-. (f967) used a 90x60x120 cm tray fíl-led with septic

tank r¿ater ar "r"*e 
ovíposition behavior of Cx. quinquefascíaÈus Say

in Rangoon, Burma. They studíed the daily oviposition cycle and the

relationshÍp between time of feeding and time of oviposition. Ït was

found that an evening and morníng peak ín ovipositíon activity occurred'

These peaks $rere not endogenous, but depended upon the time and the date

of feeding. oviposítÍon by gravid females was found to be triggered by

a change in light levels. They felt that theír monitoríng techniques

could be used to assess mosquíto populations and Èhe effecËs of control

programs.

oda (L967) used eartheil{are jars fílled with a rice straw infusion



6

Ëo study the hourly and seasonal distríbution of egg rafts 1-aid by Cx.

pipiens. He found these jars to be a suitable monítoring techníque for

his sÈudy.

Srnith and Jones (L972) used 76x46x8 crn pools lined wiËh black plastíc

to deÈermíne the presence, abundance and ovíposition preference of Cx.

nlgrip alpus Theobald in Florida. These pools hlere a quick and inexpen-

síve meËhod for demonstrating the presence and abundance of Cx. nígri-

palpus ín ísol-ated areas.
)2

ì4aw and Bracken (1971) used lm- and 0.0910- pools to assess Cx.

res tuans populations in Ontario. Pools treated with capríc acid were

found to be more attractive Èo ovipositíng females than untreated pools.

They observed that low danp areas along streams were the best locations

for pools when monitoring Cx. restuans. The pools \¡rere more effective

than light traps for monítoring overwintering females. The larger pools

?(lrn") collected more egg rafts per unit surface area and r^7ere more effí-

cíent than the smal-l pools when adult populatíon densities were lor¿.

The surall pools (O.Ogrn2) rnrere easier Ëo install, generally effective and

easier to monitor.

Lo\"re et a1. (L974) used egg raf t collectÍons to obtain ínformation

on the relative abundance throughout the year of Cx. quínquefasciatus,

Cx. nigripalpus, Cx. restuans and Cx. salinarius Coquillett in Florida.

They destroyed all knovm breeding siÈes and then set uP *ubs filled r¿ith

an infusíon medíum. Egg raft collections and subsequent identification

of the larvae \^ras a better moniÈoring technique than trapping for these

species, because of the díffícul-ty of identífying adults.

Hayes (1975) and Hayes and Hsi (L975) used a \^Iater trough with a
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2
surface area of 15, 235 crn for ovipositíon by an ísolated popul-ation of

Cx quínquef asciaq¡¡q.

Surgeoner and Helson (1978) combined a CDC light trap and an ovípool

to devel-op a technique whích ¡vould capture Cx. pipíens and Cx. restuans

females duríng oviposítÍon and therefore ensure parous females for víral

tests. They used an 84 cm díameter ínflatable pool lined ¡'¡ith sod. A

cDC light trap was suspended in the middle. The pool acted as an attrac-

tanÈ for gravid females, whích were in turn captured in the CDC light

Èrap. The parity rate of captured females greatly increased \^rith thís

raethod. It was felt that Èhis method would reduce the cosË of arbovírus

surveillance, Èhrough decreased tíme for sorting and ídentífication, and

an increased probablíty of recovering virus. The only problem they found

was that the apparatus had to be serviced daily to empty the CDC 1íght

trap.

Madder et al. (1980) used inflatable swinrning pools 84 cm in dí-

ameÈer, lined wíÈh sod, to monitor Cx. pípiens and Cx. restuans ín

Ontario. These 2 specíes are believed to be the vectors of SLE in

Ontario. The oviposition daÈa r^ras compared wiÈh numbers of adult females

from CDC J-Íght Èrap catches. Egg raft collections $rere comparable to

adult catches. They found Ëhe pools to be an effÍcíent, inexpensive

and sensltive technique for monitoríng the popul-atíons of these 2 species.

This technÍque enabled them to avr',1-d the expense of sorting l"íght trap

caÈches and the need for expertíse ín ídentifícaÈíon of female adults.

Madder et a1. (1980) compared the effects of 3 different treaLments

on Èhe attractíveness of. 84 cm diameter pool-s to ovípositing Cx. piPiens
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and Cx. restuans. The treatments were: pool lined with sod, with capríc

acid added to the !'rater; pool líned r¿1th sod; pool l-fned r'üith dark green

p1-astic. Capric acid r,¡as not necessary as an attTactant all that ¡"ras

needed was organíc materíal. Tkeshojí et al. (1975) found that Pseudo-

monas bacteria produced oviposition attractants for Cx. pÍpiens and that

these atËractants hrere intermedÍate metabolites of capric acid, not the

acid itself.

It has been reported that the brightness of a pool-rs lining affects

the ovíposition behavior of Cx. restuans (Belton L967). In a woodland

environment, 3 times more rafts were laíd in pools vrith dark líníngs

compared to pools r¿íth translucent linings. Maw and Bracken (1971-)

found that Cx. restuans preferred to ovíposít in pools located in damp

low areas along streams.

The monitoring of oviposition actívity through the use of man made

pools is a reliable technique in studying the populaÈíon dynamícs of

populations of Culex species. Thís method has not been eval-uated on any

Culiseta specíes. It is evident that mâny factors such as metabolites

of bacteria, bríghÈness of the pool lining, pool locatíon and possíbly

other factors are imporÈant in the attractiveness of a pool to gravid

females.

Lífe History of Culex restuans

Culex resÈuans Theobald is found from central .rlberta south Èo

Mexíco, east to Nova ScotÍa and f'l-orida (I^lood et a1. L979). This species

is a possible vector of 3 arboviruses. The first isolation of LrEE from

Manitoba was from this species (Norris 1946). Sekla et a1. (1980)

isolated I^IEE fron a combined pool of Cx. resÈuans (3%) and Cx. tarsalís
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(97%) collected Ín Manitoba. Hayes et al. (1960) isolated eastern equíne

encephalitis from Cx. resÈuans female adults collected in New Jersey.

This specíes is a suspected vector of SLE in souÈhern Ontario (Madder

eÈ al. 1980).

Adult females of Cx. restuans ove::r.rínter ín a state of gonotrophíc

diapause. Diapause in this species ís characterízed by reduced blood

feeding (I,lallis 1959, Eldridge et al. L972), fat body development (Wallis

1959), gonotrophic dissociation (nldridge eÈ al. L972) and failure of the

ovarian follícles to develop from stage N to the resting stage Ib (Eldridge

et al. L976). Eldridge et al. (L972, L976) found Ëhat the temperature

and photoperiod that a female is subjected to from the pupal stage until

a 6 to 8 day old adult influences the díapause response. A low tem-

perature (15oC) and short photoperiod (8L:16D) induce gonotrophíc dia-

pause (rldridge et al. L972).

Females overwinter .in basements, caves, ho1low trees and crevices

and cracks in the ground (Hayles et al. Lg7g,l^Iood et al. l-g7g). In

Connecticut the females emerge from overwintering sÍtes ín late

March or early Apri1 (I,lallís 1959). Ovíposition by overwintered females

occurs from mid-May to m:id-June Ín Ontario (Maw and Bracken 1971,

Madder eÈ al. 1980). In Canada this species probably begins to emerge

from their hibernacula from early to laÈe May, depending on the area.

Madder eE al. (1980) re'¿rted that ín Ontario this specíes has

3 generations per year. Eggs of the first generation are laid by the

overwintered females berween rnid-May and míd-June. The first generatíon

lays the eggs giving rise to Ëhe second generation, duríng early June

to mid-July. The second generatíon is the largest. Females of the
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second generatíon lay Èhe eggs gfvíng rise to the third generation

during nid-July and early August. The third generaÈion is reduced be-

cause a high proportíon of the females ín the second generation are ín

gonotrophic diapause and do not 1ay eggs until the nexÈ year.

Gravid females prefer to oviposiË in pools locaÈed in low damp

areas along stTeams (If,aw and Bracken L97L). Pools with a dark background

are more attractíve to gravid females than pools with a light coloured

background (Belton L967).

Maw and Bracken (1971) found capric acid to be an ovíposition

attractant for this specíes. They attributed íts attractive propertíes

to a fertíIízer effect on bactería of Èhe faníly Pseudomonadaceae.

Madder et al. (1980) found that capríc acíd had no attracËive effect on

this species.

Egg rafts laid by the overwintered generatíon average 185 eggs per

raft; the sunmer generations average 220 eggs (Madder 1981). In souÈhern

Ontario, ^ximum oviposítíon activity occuTs within 2 hours of sunset. and

a minor peak of activíty occurs at sunríse (MacDonald et a1. 1981).

This species ís probably not a serious pest of nan or hís domestíc

animals. The preferred hosts of thís species are bírds (Ternpelis 7975).

Blood meals are fully digested in 6 days at l0oand 15oC and 3 to 4 days

at 2Ooand 25oC (Eldridge et al. Lg76).

De',e1-opment of the írmnature stages is relatively rapid. At LzoC, 25

days are required for development from first Ínstar larvae to adults,

at 26oand 29oC only 6 days are requíred (Shelton 1973). Maximum larval

survival occurs between l2o and 26oC; 32oC ís lethal (Shelton L973). The

optirnal temperature for development and survival of larvae would appear
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to be 26oc

Life History of Culex tarsalis

Culex tarsalis Coquillett fs distríbuted throughout western North

America, from the central MacKenzí-e YaLLey south to Mexíco and occurs

eastward to southwestern Ontario and Fl-orida (l^lood et al. L979). Inlestern

equine encephalitis has been ísolated from this species in Manitoba (Sekla

et a1. 1980). Henderson et aI (L979) reported that a Manitoba strain of

this specíes was an efficient vector of a Manítoba straín of I^IEE. This

species ís believed to be the maín vector of I,IEE and SLE throughout

\res tern Nor th America .

Adult females of Cx. tarsalis oversinter ín a state of gonotrophíc

díapause. Females utilize plant sugars in the fal1 to develop a fat body

which is used as an energy source during the diapause períod (Schaefer

and Miura 1972). The rnajority of fer¡ales that aËtempÈ to overwinter are

nulliparous (Blackmore and Dow 1962, MítchelL L979). Gonotrophic dis-

sociat.ion has been shown to occur in diapausing fernales, but it is not

thoughÈ to be a coilmon phenomenon (Mitchell 1981, Arntfíeld et al. I9B2).

PhoÈoperiod affects fat body and ovarÍan development in thís species.

Harwood and Ha1fhi1l (1964) showed that females responded to shorÈ daily

photoperíod (B hr) by increased size and compactness of fat body and

decreased ovary J-ength. Lower tenperature reínforced the fat body

response. Photoperiod also had an affect on the l-arvae. These experi-

menÈs were conducted on a California strain which was probably noÈ as

responsive as a northerly strain would be, because of the milder souÈhern

cl í rnate .

Diapausing females have been Èaken from piles of rock (Rush et al.
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1958, Rush l-962) r mâümal burrows (Shenanchuk 1965), crevlces in the ground

(Hayles et al-. 1979), and caves, subterranean tunnels, and mínes (Price

et al. l-960, Blackmore and Dow L962, Arntfield et al. 1981, Mítchell

1981). Fenal-es energe in the spring when soil surface Èemperatures be-

come warmer than the subsurface (Shemanchuk 1965).

MiÈchell (1981) found that diapause terrninatíon \¡Ias a function of

increased day length and not just an increase in temperature. He al-so

found ÈhaÈ Ëhe topical application of methoprene terminated díapause.

Therefore diapause Èerminatíon may ínvolve the secretion of juvenile

hormone by a reactivated corpus allatum.

In nature, females feed on bírds and mammals. Reeves et a1. (1963)

and Tempelis et al. (1965) have col-lected and analysed large numbers of

blood fed fernales and found them to prefer birds but also to feed on

¡¿mmals.

Downe and Archer (L975) showed that females that fed on chicken

blood produced more eggs than those that fed on the blood of snakes or

guinea pígs. One col-ony that had fed on chickens developed an averåge

of. 247.8 eggs/female, while another col-ony produced 314.8 eggs/fernale.

When the same colonies were allowed to feed on the blood of snakes they

produced 205.2 eggs/female and 22I.L eggs/female respectively. Hence

the m¡mber of eggs developed depends in part at least on the blood

meal source.

Femal-es appear Èo prefer to oviposít in pools exposed to sunlight.

tr'Ialters and Smith (1980) ínspected a variety of larval habítaÈs and

found larvae most often in eutrophíc habitats that were fu1ly exposed

or at least partially exposed to the sun. Ovipositíon is cued by changes
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1n light levels and occurs at dusk or dawn (Logen and Harwood 1965).

Hagstrum and l^Iorkman (1971) found that at high feedÍng rates, 'larva1

development from first instar to pupa required 11.7 days at 30oC and

14.5 days at 2OoC. Larval- mortality was evenly dístributed throughout

the ínstars.

Major flight actívíty occurs r¡íthin 2 hours after sunset and between

temperatures of l3o to 33oC (Sailey et al. 1965). Temperatures below

18oC usually caused a reduction in activity (nailey et al. 1965).

Mítchell (1981) described the seasonal dynamics of Cx. tarsalis

ín northern Colorado. Inseuinated nullíparous females overr¿inter. These

fernales begin to emerge frorn theír hibernacula in late March and by early

May blood fed females can be found, and oviposítíon conunences. The

population peaks near the end of July, and at the same tine blood feeding

activity decreases, probably due to a decrease ín photoperiod. In nLid-

August, females begin to develop fat bodies from nectar carbohydrates.

From early Septeinber until OcÈober, and even early November, females seek

out hibernacula. In Manitoba, the life cycle probably follows much the

same pattern, except there are undoubtedly dífferences in the dates for

the events listed above due Ëo a shorter season.

Lífe History of Culíseta inornata

Culiseta inornata (l^Jillíston) is found from the Yukon Territoiy and

Northern Mexico east Èo New Hampshire and Florida (I^lood et al. L979).

In Manitoba, Sekla et al-. (1980) isolated trlEE and an unídentified

Californía eneephalitis vírus from fernales of thís species. Isolatíons
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of I^IEE have occurred from this specíes in varíous areas of the U.S.A.

and Canada (Mclíntock and lversen L975).

In the northern parts of íts range this specíes overwinters as

nulliparous females (Hudson LgTg). Hudson (Ig7g) examined fernales cap-

tured ín Edmonton during Septernber and October. All were nullíparous,

all had sma1l ovaries and none had blood ín their gut. In Colorado,

Dow et al. (L976) collected post-hibernatíng female Cs. ínornata under-

neath brídges from late March onward. All of the mosquitoes they examíned

f rom late March untíl the end of April \,üere gravíd or parous. They con-

cluded that only parous or gravid females overwíntered. Thís may be

possible but not probable. It is more likely that these females had

taken a blood meal when they left theír hibernacula and had flown to

resting and oviposítion sítes to develop and lay theír eggs and were then

collected.

In Canada and the northern U.S.A. females have been found during the

r¿inter months in rock piles, mammal burrows, and crevices and cracks ín

Èhe ground (Rush et aI.1958, Shemanchuk 1965, Hayles et a1. 1979)-

Hudson (L977) demonstrated that in 1ab reared Cs. inornata a decrease

in photoperíod resulted in adult females with foll-icles the síze and

stage characteristic of diapausing wild females. He transferred females

that had just moulted to fourth Ínstar larvae orpup-aefrom 16L:BD,

20oC to I2L:L2D, lOoC. These females had srn:.rl ovaríes vlith fol-1ic1es

in stage N-I . Females reared at a constant 16L:BD, 2OoC ot 1-2LtL2D,

lOoc developed large ovaries and fol1ic1es characterístíc of gonoactive

females. Diapausíng females were reluctant to feed, and those that fed

ejected the blood meal prematurely (Hudson 1979).
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In the southern parts of its range thís species aestivates in the

su¡xmer monËhs and ís actÍve during the winter months (Barnard and Mu1la

L977c, 1978). Barnard and Mull-a (1978) found that the aestivating popu-

lation consists of gravid and parous females.

Barnard and Mulla (L977b') reared Cs. lnornata from southern

CaLifornía at 16L:8D and 8L:16D at l-5o, 2Oo and 25oC. Females raísed at

1-ong days showed reduced blood feeding and developed fat bodies. The

reduction in bl-ood feeding decreased furÈher as temperature íncreased.

There r¡ras no difference Ín fat body development between nullíparous and

parous females.

In Manitoba, Ëhís species has 2 generatíons a year (Hanec and

Brust L967). I have observed that females leave theír hÍbernacula

during April and }fay.

The optinal survíval temperature for larvae of this species is 21oC

At this temperature, an average of l-5 days ís requíred for development

from first instar to pupa (Brust L967). BrusE (L967) found the letha1

high temperature to be 29oC, and the lethal 1ow temperature to be 6oC.

Fanara and Mul1a (7974) reported that in CalifornÍa breeding by thís

species was restricted Èo the wínt.er months because during the summer

pool temperatures exceeded 2goC.

Diel períodicity of pupatíon and emergence has been demonsÈrated

ín Èhís species. Barnp-d and MulLa (L977a) found that two peaks ín

pupatÍon occurred. A small peak r^ras recorded 1.5 hours before sunrise

and a large peak at sunset. A large peak ín emergence occurred at dusk,

and this peak ín emergence l¡¡as correlated with water Èemperature

(Barnard and Mulla L977a). They reported that the pupation peaks did

not correlate with any of the r¿eather varíables measured.
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Gonotrophic Dissoclatíon and Potential
Overwíntering of Arboviruses

In theory, some arbovíruses may overwinter ín hibernatíng female

mosquÍÈoes. This would be possíble if a mosquito l-n a state of gono-

trophic dÍapause took a blood rneal and used it as an energy source ín-

stead of a protein source for egg development. The cessatíon of egg pro-

duction despÍte the continued taking of blood meal-s ís called gonotrophíc

dissocíaÈion. In North Amerícan mosquitoes, this phenomena occurs ín

An. freeborni Aítken (I^IashÍno L970, tlashino et al. 1971), An . punctipennís

(Say) (Magnarelli L979), Cx. pipíens (Eldridge and Baíley L979), Cx.

restuans (Eldridge et a1. L972) and Cx. tarsalís (Mitchell 1981). In

all of these species, gonotrophic dÍssociatíon occurred in at least a

small proportion of the test population, when the females were kept at

low teruperatuTes and short photoperiods. Diapausing fernale mosquitoes

that exhibit gonotrophíc dissociation are potential overwinteríng hosts

for some arboviruses (Reeves Ig74). The mosquito nay feed on an aníma1

infected wiÈh an arbovirus and the vírus would then overwínter ín the

mosquito. In the spríng the infected mosquito would transmit the virus

while blood feeding.
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ABSTRACT

An oviposítíon monitoring techníque and CO, baíted, CDC light traps

were used to study the population dynamics of Culex restuans, Cx.

tarsalís and Cul-iseta ínornata.

culex restuans may have 3 generations/year. During l-980-1-982, eBBS

of the first generation r^rere laid by oven^rintered females during late

May to early June. Eggs of the second generatíon were laid frorn late

June to late July and this generation üras Èhe largest. Eggs of the third

generatíon hTere deposited between míd-July and late August. This

generatíon \^/as small, probably because many of the females from Èhe

second generation r¡¡ere in a state of gonoËrophíc díapause. Females hrere

not readíly attracted to CO, baited CDC light traps.

Oviposition by Cx. restuans showed a diel periodicíty wíth a peak ín

activíty 2 to 4 hours after dusk and a second peak at darnm.

Signíficant differerlces were found ín the number of eggs per egg

raft l-aíd by spring, earl-y su eI and laËer sunmer generations of Cx.

restuans. Egg rafts laid in the ear1y surnner had the greatest number

of eggs per egg raft.

Culex tarsal-is may also have 3 generaËíons/year; an early spring

generation and 2 sumner generations. Oviposition actívity and CDC light

trap catches were greatest ín Ju1-y and early August. This species

appears to prefer to oviposit ín pools exposed to the sun.

Culiseta inornata appears to have 2 generatíons/year. Overwíntered

females lay eggs, whích wí1J- give rise to the spríng generatíon, between

míd-May and early June. Eggs of the sunmer generation are laid during

June to late July.
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The population dynamícs of Cx. tarsalis best fits the seasonal

occurrence of western equine encephal-itís (I,IEE) vírus activity in

Manitoba. This ls furÈher evidence that thís specíes Ís the maín vector

of LÌBE virus in Manitoba. Culex restuans may be an important epizootic

vector. Cul-íseta inornata probably is not. an important vector of this

virus because spring populatíons and feedÍng activíty peak before I^IEE

vírus ís found in mosquÍtoes, and r¿ell before equine or human cases are

reported. The fall- population peak occurs after a WEE epidemic sub-

sídes, and I,{EE vírus is not found in mosquitoes during this time.

The use of pools, of the type used in this study, to monítor ovl--

positíon activity are suitable for Cx. resÈuans and Cs. Ínornata but not

Cx. tarsalis. Oviposítíon activity levels may be an accurate reflectíon

of adult female activity and populatíon l-evels in Cx. restuans and Cs.

inornata. Ovíposition monitoring would be a suítable and inexpensive

addition to an arbovirus surveíllance program involving these Ëwo

species.
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INTRODUCTION

ltesÈern equine encephalítl-s (Ì^IEE) is the most conmon arbovírus

isolated from Manitoba mosquitoes (Sekla et al. 1980). In Manitoba,

recent outbreaks of WEE Ínfection in horses and man occurred ín 1975,

L977 and 1981. Culex Èarsalis Coquíllett is Èhe prímary vector of I^IEE

in Manítoba (Henderson et al. L979, Sekla et al. 1980). I¡Iestern equine

encephaliÈís has also been isolated from Cx. restuans Theobald (NorrÍs

L946, Sekla et al. 1980) and Culiseta ínornata (I^lilliston) (Sekla et al.

1980), these species may be secondary vectors of LTEE.

In Ontarío, oviposítion monítoríng Eechniques have been used to

study and monitor populatíons of Cx. restuans (Maw and Bracken L97L,

Madder et al. 1980) and Cx. pipiens Linnaeus (Madder et al. 1980), the

vectors of St. Louis encephalítis in thaË province (Helson et a1. 1980).

Madder et al. (1980) compared adult CDC light trap catches of Cx.

restuans and Cx. pipiens with monitored ovípositíon actívíty data and

concl-uded that ovÍposÍtion activíty fol-lowed the same trends as adult

numbers. They feel that oviposition pools r¡ould be useful for monitor-

íng populations of Cx. spp. Leiser and Beier (1982) obtained a posi-

tive correlation between total weekly egg raft numbers of Cx . restuans

and Cx. pipiens collected from ovipositíon traps and total weekly

adult numbers collected by New Jersey light traps. They found that both

sanpling meÈhods demonstrated a símí.l -r paÈtern of Culex actívity.

In the present investigation, an oviposítion monitoring techníque

and CO, baited CDC light traps were used in the study of the population

dynamics and reproductíve biology of Cx res tuans Cx. tarsalis and
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Cs. inornata. The monítoring of oviposítíon acÈívíty in these species

should be a good lndicator of the population levels of reproductively

active f emal-es and Èheref ore potential l,lEE vectors. Other parameters

that may be ¡neasured include the earlíest date of oviposition after

emergence from theír winter hibernacula, the time of gonotrophic día-

pause in the auturtrn and íncreases or decreases in the nr¡mber of gravid

females aÈtracted to the oviposítion poo1s. Inlhen used in conjunction

wíth CO, baíted CDC light traps, ovÍposítíon monÍtoríng could be a

valuable aid to arbovÍrus surveillance prograns.
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MATERIALS AND METHODS

One meter square pools r¿ere used to coll-ect egg rafts of Cx.

res tuans , Cx. tarsalís and Cs. ínornaÈa during the spring and summer of

1980, 1981 and 1982. CDC J-ight traps baíted with dry ice were used for

the col-lection of adult mosquiÈoes in 1980 and 1981-.

The pools consisÈed of 1m2, 20 cm deep, v¡ooden frames lined with

clear polyethylene sheeting, the bottoms of whích were lined wíth grass

sod. They were filled wíth water from a 1ocal source or from the City

of tr^Iinnipeg vrater supply. Water was added to the pools as requíred.

Pools \dere set up at the University of Manítoba, Fort Garry campus

(U of M) and the Glenlea Research Statíon (GRS). The U of M síte is

located within the City of tr^Iinnípeg lirnits; the GRS is 15 kn south of

I{innipeg. The pool at Èhe U of }f was set up along the bank of the Red

River v¡here it was shaded by trees. In 1980 the GRS pool was set up

neaï a snall group of Èrees, where it was exposed Èo the sun and r,rind.

In 1981 and 1982 the GRS pool- was set up Ín a ravine where the pool was

shaded by trees. The pools rnrere set up ín late April and dÍsmantled in

míd-September.

Egg rafts r^rere collected 3 days/r¿eek during the daytíme, and

occasionally 5 days/week. An effort was made to coll-ect all rafts. The

egg rafts were placed ín individual- cups, allowed Ëo hatch, and Èhe 1ar-

vae identified. I^Ieekly totals are comprised of egg rafts laíd duríng

each 7 day interval.

CDC líght Èraps baíÈed with dry ice, as descríbed by (Sudia and

Chanberlain L962, Newhouse et al. f966) r¿ere used to collect female

mosquitoes. These traps rrere used in L9B0 and L981. Traps I.lere set

up Tuesday and Thursday, in the late afÈernoon and the caÈches collected
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the next morning. Due to equipment faílures, the number of operational

traps was reduced to 1 trap-day/r¡eek.

The seasonal distribution of egg raft numbers and light trap data

were used to deÈermine the approximate Èímes when new generations nåy

have occurred.

The numbers of eggs per egg raft were determined for randomly

selected rafts. The number of eggs was counted the day the egg rafts

were collected. The number of eggs per raft vras compared between the

3 generatíons of Cx. resËuans at the U of M in 1980

Diel ovipositíon activity in Cx. restuans was monítored at the GRS

on 29-30 June 1981, 7-8 July 1982 and 2O-2I July 1982. Four pools were

set up in a square gríd pattern wíth the pools approxímately 50 crn

apart. In 1981 each pool was covered with a screen and then a randornly

chosen pool was uncovered for a 2 hr period. It was then covered again

and another pool qras uncovered. Egg rafts were collected 0 to 4 hr

after the test.

In 1982, 2 sets of 4 pools r{ere used. One set of 4 was placed in

a shaded area that had been used ín 1981. The oÈher set of 4 was placed

at the edge of a fíeld, where the pools hTere exposed to the sun and

wínd. All of the pools were left exposed to oviposítíng females.

The pool-s were inspected for egg rafts every 2 }:,r.
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RESIILTS

In 1980, oviposítion by Cx . restuans females began in late May at

the U of M (Fig. 1) and the GRS (Fíg. 2). At the U of M, peaks in

ovíposítion activity occurred duríng late May, Ëhe last half of July

and durl-ng rnid-August (Fig. 1). Peaks ín oviposítion by çI. restuans

at the GRS occurred in early June and rníd-Jul-y (fíg. 2).

Duríng 19Bl-, oviposítion by Cx. restuans began in late May at both

siÈes (Fig. 3 and 4). Peaks in oviposition activity occurred ín early

June, early July and laÈe August (Fig. 3 and 4). An additÍonal peak ín

activity occurred in early August at the GRS (Fig. 4).

In 1982 oviposítion by Cx . restuans began ín early June, peaked in

late June early July and then declíned (Fig. 5 and 6).

Very few adult Cx. restuans were collected in the light traps. The

greåtest numbers were taken aË the U of M in 1980 where two peaks in

activity occurred, one in July and another in mid-August (Fig. 7) .

In 1980 Cx. restuans females produced an average of 198.4!52.3

eggs/raftr I = L96 egg rafts. In 1981, 19 egg rafts averaged L7L.3!49.7

eggs / raft.

A comparison of the number of eggs produced by females of 3 different

generations at the U of M in 1-980, showed that there hrere signífícant

dífferences ín the number of eggs produced per female (Table 1). The

overwinÈered females laid l-78.3 eggs/raft; the spring generation laid

230.6 eggs/raft; the early stunmer generation laid 209.8 eggsfraft.

Culex tarsalÍs egg rafts were not numerous; the Elreatest numbers

were collected at the GRS ín 1980. At thís site ovíposition began ín

late May, wíth peaks in late June and mid-July (Fie. 8).
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At the GRS ín L980, Cx. tarsalis females v¡ere abundant in the light

trap catches durÍng urid to late July (Fíg. 9). During 1981, one peak

occurred at Èhe end of June and one at the end of Ju1-y (fig. l-0).

The average number of eggs produced by Cx. tarsalis females in 1980

was 237.7!74.7 eggs/raf t, n = 9.

During 1980, oviposition by Cs. ínornata females began in rnid-May

and peaks in actívíty occurred in early June at boÈh sites (Fíg. 11 and

L2). An addítional peak in actívity occurred ín early July at the U of

M (Fie. 11).

In 1981 ovÍposiÈion by Cs. ínornata females began in mid-May. Ovi-

positíon actívity peaked in early June at both sites (fÍe. 13 and 14).

At the U of M, oviposiÈîon activity continued at a relatívely steady level

until míd-August, when it began to decline (fig. 13).

In 1982, at the U of M and the GRS, ovíposíËion activíty by Cs.

ínornata be gan in late May, peaked ín late June and then declíned to a

lor¿ level (Fig. 15 and 16).

In 1980 the firsÈ Cs. Ínornata females were col-lected ín nid-May

(Fig. 17 and 1B). Peaks in the numbers of females collected at the U of

M and the GRS occurred during May, June and July (Fig. l-7 and 18).

Duríng 1981 fer'¿er females were collecÈed than ín l-980. The largest

collectÍons ürere obtaÍned at the GRS where the fÍrsÈ fernale was collected

in laËe May, and a peak in numbers collected occurrert in mid-August

(Fie. 19).

In 1980, the average number of eggs produced by 132 Cs. ínornata

females was 2L6.6!6I.3 eggs/raft. In L981, 31 fernales laid an average

oÍ. 224.3!52 eg9sf raft.
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The monltoríng of oviposition actívlty during a 24 hr period was

done on 3 oceasions. Culex restuans egg rafts were the only ones l-aid in

large numbers. Oviposition activity of Cx. restuans \,üas greatest just

afËer sunset (Fíg. 20, 2L, 22 and 23) and at sunríse (Fie. 2I, 22 and

23) . Very líttle activlty occurred during the daylight hours.

The pool vrater temperature on 29-30 Ju1y, 1981, ranged from 16oto

2ooc. on 7-B July, itg}2, pool- wateï temperatures ranged from 14oto 2OoC.

PooI water temperature on 20-21 Ju1y, Ig82, ranged from 19o to 26oC for

the bush pool and l8o to 32oC for the open poo1.
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DISCUSSION

From three years of egg raft col-lections in Manitoba, Cx . restuans

probaöly has 3 generations a year. The overwínËered females

begin oviposition in late May to early June. These females would have

to emerge from their hÍbernacula at least 1 week prior to oviposition,

allowing enough tíme to find a blood rneal and develop eggs. Oviposition

by these females followed a simÍlar pattern as those in Ontario. Madder

et al. (1980) reported that overwintered females oviposited between míd-

May to níd-June. In Manítoba, females of the spring generation laid

theír eggs between late June to late July, depending on the year. The

second generaÈíon r¡ras the largest one each year. Eggs of the third

generation qlere laid frorn nuid-July to late August. Madder et al. (1980)

found that Ín Ontario, the third generatíon v/as smaller than the second.

They postulated that this may be due to many of the fernales from the

second generatíon being in gonotrophíc diapause. This may have been the

case in the Manitoba population, resulting in a considerable declíne in

the population.

In 1980, at the U of Ì4 site (Fig. 1) and, ín 1981, at both sítes

(Fig. 3 and 4), oviposition activíty by Cx. restuans was high in August and

is an índícatíon of extensíve blood-feeding activÍty by the females of

the second generaÈion. The oviposiEíon actívíty ín August of 1981 nay

have been sígnificant in the epiderniology of I,IEE, sínn:1981 was an

epidemic year. Blood-feeding by the second generatíon females may have

aíded in the spread of the virus. In 1980, at the GRS and in 1982 at

both sites, there \¡ras very little oviposítion act.ivity in August.

Perhaps rnany of the females ín the second generatíon were in
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gonoÈrophíc diapause and presumably r¿ou1d not take blood meals.

The CO, balted CDC líght trap at the U of M in 1980 collected the

most Cx. restuans females (Fíg. 7>. I^Ihen the number of egg raf ts

collected at the same siÈe (Fíg. 1) is cornpared with the number of

adulÈ females collected, it is evídent that Cx. resLuans ís not readily

attracted Ëo this type of trap.

Oviposition activity by Cx . resLuans showed a defíníte diel perí-

odícíty (Fíg. 20, 2L, 22 and 23), Ovíposition activity was greatest

during the 2 to 4 hour period following sunset and again at dawn.

MacDonald et al. (1-9Bl-) found a diel períodícity of ovipositíon ín Cx.

restuans and Cx. pipiens at Guelph, Ontario. A rnajor peak ín activity

occurred I to 3 hours after dusk and a mÍnor peak occurred at dar,rn.

Sinilar bíphasic cycles have been demonstrated in Cx. pípiens in Japan

(Oda 1967) and Cx . quinquefasciatus (Say) from Burma (DeMeillon et 41.

L967). The díel oviposition cycle in Cx. restuans is probably cued by

a change in light levels as ín Cx. quinquef asciaÈus (DeMeillon et a1.

(L967) and Cx. tarsalis (Logen and Harwood 1965).

In 1980 at the U of M, 3 generations of Cx. restuans showed síg-

nificant dífferences in Èhe number of eggs per egg raft (Table 1).

Females layíng eggs ín the early summer 1ay significantly more eggs than

femeles ín the spring or late summer. Madder (1981) found that sur¡nner

generaÈions of Cx. restuans in O-.tario lay sígnificantly more eggs per

egg raft than females of the overwíntered generation.

The differences in egg production of females from these 3 generatíons

may be due to a change in blood feeding habits, a change in the effí-

ciency of digestion or changes in the age of the reproductive segments
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of the populatíon. IÈ has been demonstrated that in Cx. tarsalís, the

source of the bl-ood meal effects the number of eggs produced. Dovme

and Archer (I975) found that Cx. tarsalis females that had fed on

chícken blood produced more eggs than fem:les that had fed on snake

blood. They postulated that this may be due Ëo Cx. tarsalís evolving a

specíalízed digestíve process enabling them to obtain more nutrítive

value frour bírd blood meals, their preferred hosts. T'he preferred hosts

of Cx. restuans are birds (Tempel-is 1975). If Cx. restuans has a special-

ízed digestive process suíted to the blood of bÍrds, a shift ín feeding

habits could cause a difference in the numbers of eggs produced. The

feeding habiÈs, and dÍgestive enzyme activíty in Cx. restuans have not

been studied sufficiently to speculate furEher.

In Manitoba, overwintered females are at least 9 months old. Theír

age and the effects of ovenlinteríng on their physiology may pTevent

them from producing as ¡nany eggs as the younger fernales of the suntrner

generaÈion. Females layíng eggs ín the late surruter may be older' and

in their second or thírd reproductive cycle. They may not be able to

produce the optimal number of eggs for the species.

lglg tarsal-is egg rafts were collected Ín adequate numbers from the

GRS 1980 site only (Fig. B). Overwintered females must have been actively

seekíng blood meals by mid-May¡ âs the first egg rafts ínourcollectíons

I¡Ieïe taken at the end of May. There would appear to have been 3

generations; one spring and 2 surnmer generations. The líght trap data

does not show the May actívity peak. The populatíon reached íts highest

level ín Jul-y (fie. 9 and 10). The lack of activity after early August

was probably due to many of the females being in gonotrophic díapause and
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Ëherefore not seeking blood meals. Mitchell (1981) states that ín

northern Colorado females begin entering díapause in rnid-August. There-

fore fn Manltoba, early to mid-August would probably be the time when

fernales enter díapause.

During Èhe recent I^IEE outbreaksin Manitoba, the peak time of I,IEE

actívity has been frour ur-id-July to early August. This is the time

female Cx. tarsalis are most active (Fíg. 8, 9 and 10). This may also be

the time when females r¿ould be entering their second gonotrophic cyc1e,

enabling them to spread the arbovirus. Nelson and Milby (1982) found

that females usually did not feed again until at least the second night

after ovíposition. However they were unable Ëo determine the length of

tíme of a gonoÈrophic cycJ-e.

The only pool from r¿hich Cx. tarsalÍs egg rafts were collected in

relatívely large numbers was from the GRS l-980 sÍte. This site was

e>çosed to the sun and wind. I,{alters and Smith (1980) found Cx. tarsalis

larvae Lo be most cortrtron in eutrophic sunlit pools and least conunon ín

shaded pools. The apparent. attractíon of gravid fernales to pools exposed

to the sun nay account for the lack of egg rafts on the shaded pools.

Egg raft collectíons over the 3 year period show that Cs. inornata

has 2 generationsfyear in Manitoba; a spríng and a slrtrtrner generatíon.

This agrees wÍÈh Hanec and Brus t (1967), who examined light trap data

from the U of M and concluded that this species has 2 generatÍons/

year. Overwintered females appeared in light trap catches in earl-y to

nid-May (Figures 17, 18 and 19), and egg rafts r¿ere collected ín mid-May.

Mclíntock and Iversen (1975) proposed that thís species may be an early

season vector of I,trEE, spreading the virus throughout Èhe marmnal and
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bfrd populatíons before the other vectors are actíve. Thís may be pos-

sibl-e, as overwintered females are on the wing by early May. However

the vector potential of this species has never been proven in Canada.

Oviposition actívity by the first generatíon raras usually greatest

ín June Èo nid-July (Fig. 11, L2, L4, l-5 and 16). The optimal tem-

perature for larvaI growth in thís species is 21oC, and higher Ëen-

peratures are detrimental (Brust 1,967). Thís rnay limit this mosquito

species to the spring and early sunrmer, when temperatures are low. The

lack of ovÍposition activity in late-July and August is also undoubtedly

due to a large proportion of the populatíon enteríng gonotrophíc dia-

pause. The lack of oviposition activity ín mid-summer indicates a lack

of blood feeding ín the population, and therefore this species is prob-

ably not an inrportant vector of I^IEE.

Duck week (Lernna nínor L.) gror¡rth rnTas excessive and hard to control

ín the GRS pool in 1980. It ís known that Cs. inornata and Cx. pípiens

lay fewer egg rafts on ponds wíth duck weed than in plantless ponds

(Angerílli and Beirne 1980). The duck weed growth on Ëhe GRS pool in

1980 probably affected the nurnber of egg rafts obtained.

In conclusÍ-on, the use of pools to monitor ovíposition actívíty

is a suíÈable technique to monitor populaÈions of Cx. restuans and Cs.

inornata, but not Cx. tarsalis. Oviposition activíty data and CO, baíted

CDC líght t,rap catches showed that in l"fanitoba Cx. restuans and Cx.

tarsalis have 3 generations a year and Cs. ínornata has 2 generatíons

a year. Overwintered females of all these species are rarely Èaken in

Iíght Ëraps. The fírst indicatíon of the size of Èhe overwintered popu-

latíon ís the number of egg rafts laid duríng rníd to late May.



32

A decrease Ín oviposiÈion activíty during August is probably due

to many of the females being ín a staËe of gonotrophic diapause. Qvi-

positlon data suggests that Cx. restuans is more common in the tr{ínnipeg

area Èhan light Èrap data índícates. Thís specíes may therefore be

an lmportant epizootic vector of !üEE. Oviposition actívity and 1-ight

trap col1-ectíon peaks of Cx. tarsalis occur at Èhe same time as peaks

in IüEE actíviÈy . Culex tarsalís is probably the main epizootic and

epidemic vector of LIEE in Manitoba. Cul-iseËa inornata is probably not

iûporÈant in the trasmíssion of I^IEE.
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res tuansTable 1. Number of eggs per egg raft for 3 generations of Cx.
collected from Èhe U of M pool, 1980.

Date of
co11ec tion

Number of eggs/
egg raft (its.D. ) Range n

26 l{ay - 4 July L78.3!42.5a 1 92-253

16July-1Aug. 230 .6151.8b LI2-332

15 Aug. - 29 Aug. 209.8!45.6c 9l.-294

1-From paired comparison test different letters Índicate a difference
at P<0.05.

30

39

42



Fig. l

Fig.2

Seasonal distribution of the number
Culex restuans in the Pool at the U

of
of

egg rafts laíd by
M in 1980.

Seasonal distribution of the number of egg rafts laid by
Culex restuans in the pool at the GRS in 1980.
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Fig.3 Seasonal distribution of the number of egg rafts laíd by
Culex restuans in the pool at the U of M in 1981.

Seasonal distribution of the number of egg rafts laid by
Culex restuans in the pool at the GRS in 1981.

Fig. 4
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Fig. 5

Fig. 6

Seasonal distribution of the number of egg rafts laid by
Culex restuans ín the pool at the U of M in 1982.

Seasonal distribution of the number of egg rafts laid by
Culex restuans in the poolat the GRS in 1982.
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Fig. 7 Number of adult
night per week
U of M ín 1980.

female Culex restuans captured
in a CO" baíted CnC light trapI

one
at the
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Fig. 8 Seasonal distribution of the number of egg rafts laid by
Culex tarsalis in the pool at the GRS in 1980.
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Fig. 9

Fig. 10

Number of adult female Culex tarsalis captured one

night per week in a CO. baited CDC light trap at the
U of M in 1980. ¿

Number of adult female Culex tat'salis captured one

night per week in a CO. baited CDC líght trap at the
GRS in 1981. z
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Fig. 11. Seasonal distribution of the number of egg rafts laid by
Culiseta inornata in the pool at the U of M in 1980.

Fig. 12. Seasonal distribution of the number of egg rafts laid
Culiseta inornata in the pool at the GRS in 1980.

by
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Fig I3. Seasonal distribution of the number of egg rafts laid by
Culiseta inornata in the pool at the U of M in 1981.

Fí ¡. 14. Seasonal distribution of the number of egg rafts laid
Culiseta inornata in the pool at the GRS in 198i.

by
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Fig. t5 Seasonal dístribution of the number of egg rafts laid by
Culiseta inornata in the pool at the U of M in l9B2

Seasonal distribution of the number of egg rafts laid b1'

Culiseta ínornata in the pool at the GRS in 1982.
Fig. t6
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Fig. 17. Number of adult female
níght per week in a CO

U of M in 1980.

Culiseta inornata
baited CDC light

captured one
trap at the

2

Fi s. lB. Number of adult female Cu1Íseta inornata
night per week in a C0. baited CDC light
GRS in 1980. z

captuted one
trap at the
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Fig. 19. Number of adult female Culiseta inornata captured one

night per week ín a CO, baited CDC light trap at the
GRS in 1981.



Fig. 20. Diel periodicity of oviposition by Culex
the GRS on the 29-30 June, 1981.

Fig. 21. Diel periodicity of oviposítion by Culex
at the GRS on the 7-8 Ju1Y, 1982

restuans at

restuans
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Fig. 22. Diel periodicity of oviposítion by Culex restuans at the
GRS in a treed area on the 20-21 July ' 1982.

Fig 23. Diel periodicity of oviposÍtion by Culex restuans
at the GRS in an open area the 20-2I Ju1y, 1982-
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ASSTRACT

A total of 72 overwíntering Anopheles earlei Vargas was collected

from southern Manftoba duríng December, in 1980 and 1981. These uos-

quitoes were uaintained at 15o or 20oC' and a photoperíod of 8L:16D.

Forty-two females were offered a bl-ood meal and 25 of these fed.

Extensíve fat body development \.¡as seen in the blood-fed females col-

lected in 1980; this $/as not seen in collections from 1981. Gono-

trophic dissociation was observed in 24 of the blood-fed females.
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INTRODUCTION

As far as is knor^¡n, the mosquito Anopheles earleí Vargas overwinters

as a non-blood-fed nulliparous female (Hudson l-978; l¿Jood et al. L979).

It overwinters in buildíngs and other shelters (Mcleod and Mclintock

1947); {n mamual burrows (Shernanchuk 1965; Hudson 1978; Hayles et al.

1979); in crevices and caverns (Hayles et al. 1979) and rock piles

(Hudson 1978)

Sekla eÈ al. (1980) reported that An. earlei rnay be an important

vector of western equine encephalitis (l^lEE) virus' as it had the

highesÈ rninimum infectíon ratío of any infected mosquito species in

Manitoba. Hayles et al. (L979) considered An. earlei a possible over-

wintering reservoir for WEE in western Canada. Hudson (1978) thought

that An. earlei vnas an unlikely overwintering reservoir of the virus, as

there r,Jas no evidence that diapausing females r¿ould take a blood meal

and e>dribit gonotrophic dissocíation.

In this paper vre report blood feeding and gonotrophic dissoci-

ation in wild ovenrintering female An. earleí from southern l"lanitoba.
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I'ÍATERIALS AND METHODS

Overwinteríng female An. earlei were collected durlng the month of

December, Ín 1980 and 1981. Ihese nosqultoes were used in blood feeding

experfments to see if gonotrophic dissociation occurs. Blood-fed females

were kept at l,5o or 2Ooc and 8L:l6D for 7 days.

On 22 December l-980, 16 An. earlei females were collected from a

subterranean concrete tunnel located on the University of ìlanitoba Campus

(Arntfield et aI . 1982). These mosquitoes l¡/ere m¡intained at 15oC,

BL:16D from 23 to 30 December 1980. During December 1981, An. earlei

fernales were collected from highway culverts in southern l"fanitoba. 0n

10 Dece¡oberr 6 females were collected and rnaíntained at 10oCr 8L:16D for

4 days. These were combíned with 36 feraales collected on 14 December.

Tlne 42 fern, les were placed at 15oC, 8L:16D from l-5 to 22 December.

Fourteen females collected on 17 Deceuber were maintained at 20oC,

8L:l6D from 18 to 25 December. At the tirne of collection the temperature

ín the subterranean tunnel was 4oC (Arntfield et al. 1982); within the

culverts it ranged from -7o to OoC.

The fernales L'ere separated into 4 groups; pre-treatment, blood-fed,

sugar-fed, and non-fed. The Pre-treatment group \¡Ias dissected

ímediately (day 0). Tt¡e blood-fed grouP was of fered human blood (at

aubient laboratory tefiPeratures); the sugar-fed grouP was offered a I07"

sucrose solutlon; the non-fed group consisted of those Èhat were offered

bl,ood but did not feed. Some of the mosquitoes used in the pre-treatment

and sugar-fed group ll7ere females that had been offered blood but did not

feed. All groups were maintained on l¡ater. The treatment grouPs $IeIe

dissected after 7 daYs.
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Fat body and ovarían development were eval-uated in all females.

The quanÈity of fat body in the abdomen was rated on a scale of 0 to 3;

0 being no fat and 3 beíng ful1y distended wíth fat (Burdíck and Kardos

1963). Ovarian follicular development was assessed using the classi-

ficatÍon of Christophers (1911).



52

RESIJLTS AND DISCUSSION

All of the rnosquítoes in the pre-treatment groups had ovarian

follicles at stage I (Table 1); this r¡ould indicate thar rhey were in

gonotrophic diapause (Hudson 1978). Out of 42 females offered b1ood,

25 (60%) took a full neal (Table 1). None of the blood-fed females

kept at 15oC, 8L:16D for 7 days developed their ovarian fo1lic1es past

stage II and 84"A of. these females retained theÍr ovarian follicles at

stage I (Table 1). One of the blood-fed fenales kept at 2OoC, 8L:16D

for 7 days developed 99 eggs (faUte t). Four of the other females

appeared to have broken diapause wíth their ovarian fo11icles developing

to stage II, and 1 female re-,ined in diapause. Only 1 out of 25 blood-

fed females developed eggs.

I^Iashino (I977) has reviewed the physiological ecology of gono-

trophÍc dissociatíon. He reported that the term hras originally used to

indicate a cessation Ín egg productíon despite the continued taking of

blood mea1s. In rny experíments, 19 (100%) blood-fed females kept

at 15oC, 8L:16D and 5 (83'/.) blood-fed females kept at 2OoC,8L:16D

underwent gonotrophic dissociation (Tab1e 1). Mcleod and Mclintock

(1947) found that 3 females ofAn. earlei collected near Portage 1a

Prairie, I'fanitoba, on 21 January L946 took repeated blood meals after

1 February 1946. This resulted in 2 eggs on 6 March 1946. Unfortunately

they did not give enough information to indicate if gonotrophic dissoci-

ation occurred in these females.

Eleven out of 72 (I57.) of the females terminated dianause, develop-

lng their ovarian follicles past stage I (Table 1). It is l1kely that

the response \¡/as due to increased temperatures experíenced in the



53

laboratory compared with field conditíons.

The blood-fed fer¡ales kept ar 15oC, 8L:16D in 1980 used their blood

meals to increase thefr fat bodles. Seven of the 9 blood-fed females

developed a fat body rated at 3, coq)ared to the 5 pre-treatment females

that had a fat body rated at 1 (Table 1). This extensive fat body

developmenÈ was not seen in the blood-fed fernales kept at 15oC, 8L:16D

in 1981 although their faf bodies were larger than ín the water-fed

females (Table 1). The difference in fat body development between the

females collected in 1980 and in 1981, nay have been due to differences

in the temperatures the uosquitoes v¡ere subjected to prior to

collection. The nonthly averages of mean daily temperature for August,

Septernber, october, and November 1980 were 16.9oC, 11.2oC, 4.loC and

-2oc respectively, and for 1981 were 20.1oc, I2.4oc, 5.3oc and loc. The

difference bef\reen the 2 years, !ùas that during August to Novenber, the

monthly averages were 1.2-3.2oC lower in 1980 than in 1981.

The conditions under which these e><perinents hTere conducted do not

parallel those in nature, however the results reveal some interesting

characteristics concerning the overwínteríng biology of An. earlei.

Blood-feeding by diapausing females uray aid in survival by providing

the mosquito with an energy source in the event sugars from flowering

planrs are nor avâilable ín the fall (l^Iashino 1977). As in Culex

f.lrsalis Coquillett (Arntfield et al. 1982) blc,d-feeding and subsequent

gonotrophic dissociation by diapausing adult fenale mosquítoes nåy pro-

vide a possible mechanÍsm for the overwintering of ltrEE.
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Table l-. Number of oven¡intering females of An. earlei in each category'
size of fat body and developmental stage of ovarian folIícles.

Fat body Fo11ícle stageTreatnent & meintenance
temperature (Bl,:16 D) Day0123I IIV

Pre-trea tnent

23 Dec., 1980*

15 Dec., 1981

18 Dec. , 1981

1

2

5

7

5

4

I

0

0

0

5

T2

I

112

4428

Fed sucrose

30 Dec.,

22 Dec.,

(r07.)

1980,

1981,

l5oc* 7

7

Fed water

22 Dec.,1981, 15oC*

Fed blood

30 Dec. ,

22 Dec.,

25 Dec.,

1980,15

l-981, l_5

1981,20

773

28

oc
15

oc

ü

79

2

91

73

T4,>

7

7

7

2

oc

o 3 1

* Offered a blood meal but did not feed.
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Diapause developnent ln Culex tarsalls Coqulllett has been charac-

terlzed by reduced blood-feeding to complete terminatlon of ovarÍo1e

development at or before stage IIa (Bennington et al. 1958, Schaefer

and Washino L970, Schaefer et al. L97L, Bellaury and Corbet 1973,

Mitchell L979). The role that diapausing Culex species have in over-

wintering arboviruses has been examined (Eldridge 1966, l-968, Eldridge

et al. L972, Reeves I974, Eldridge and Bailey 1979, Mitchell 1979).

GonoÈrophic dissociatÍon and its implications for survival of the vector

and virus has been reviewed by l^lashino (I977) . Eldridge (1966) indi-

cated gonotrophic dissociation was possíble in Cx. pípiens L. íncu-

bated at 1or¡ tenperature and short dayl-ength and later reported failure

of ovarioles of prehibernatíng Cx. pipiens to mature following a blood

neal (Eldridge and Bailey 1979). Eldridge et al. (L972) reported that

Cx. restuans Theobald exhibÍted gonotrophic dissociation in response

to conditioning by short daylength and low temperature. Ì'1ítchell (1981)

has reported blood-feeding and gonotrophic dissociation in a significant

portion of diapausing Cx. tarsalís from Colorado, when females r¿ere

kept at 15oC and at short daylength conditions.

At the University of Manitoba, three Cx. tarsalis were taken ín a

subterranean, concrete tunnel, 2 x 1.7 x 45m (fig. 1). Ambient tem-

perature in the tunnel was 3oC to 5oC. The females were half way along

the tunnel and lm above its floor.

A female collected 22 December 1980 was kept overnight in darkness

at 5oC. The following day it was díssected and found to be nullíparous,

mated, with ovarioles at l.Iatts and SniÈh (1978) stage Ia (Fig. 2), with
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a mean follícle-gerrnarlum ratio of 0.972L.0010.10 (n = 8) and with a fat

body rated at 2 on a scale of 0 to 3 (Hudson l-978).

T\.ro females collected on 6 January 1981 were kept for two days at

l5oC and in a light:dark regime of 8:16. They were then offered human

blood by placing a screened cage (2.5 x 2.5 x 15 cm) on the arm. Both

females took full meals. After feeding, they were kept for seven days

at 15oC and 8L:16D and then dissected. One female had reÈaÍned the

blood for only a few days. Ovarian follicle developmenÈ of this fernale

v¡as at stage Ib and fat body !,¡as rated at 2. The other female had blood

in its gut (Fig. 3) and ovaries wíth follicles of some proximal ovarioles

developed to stage IIa (Fig. 4) and a fat body rated at 2.

It is of interest that diapausing Cx. tarsalis will take blood. The

evidence for gonotrophic dissociatíon is that they díd not develop eggs

during Èhe seven day period after taking blood. Non-diapausíng Cx.

tarsalis will mature eggs when kept at 15oC for seven days following a

blood meal (Fig. 5).

Research rdas supported by the National Science and Engíneeri.ng

Research Council of Canada GranÈ A2545 to R.A. Brust.



Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig.5

FIGIIRE CAPTIONS

Subterranean tunnel from whích 3 overwintering Cx.

vüere removed in 1980-81.

tarsa 1 is

Ovarian follicle at stage Ia from an overwintering female

Cx. tarsalis rernoved from the tunnel on 22 December 1980.

Blood in the gut of an overwinËering female Cx. tarsalis

removed from Èhe tunnel on 6 January 1981-, blood-fed 2 days

later and dissected 7 days after feeding.

Ovary with proxim:1 ovarioles developed to stage IIa of

an overwintering Cx. tarsalis removed from the tunnel on

6 January 1981, blood-fed 2 days later and dissected 7 days

after feedíng.

Stage IVa ovarioles from a blood-fed non-diapausing female

Cx. tarsalis kept at 15oC and díssected 7 days after blood-

feeding.
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ABSTRACT

Diapausing adult female Culíseta inornata were collected in late

August from an emergence trap set over an artificial poo1. T\renty

females were offered a blood meal and 19 of thern fed. Some females

expelled their firsÈ blood mea1, but fed agaín the next day. Eíghteen

of 19 known blood-fed females developed eggs.
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INTRODUCT]ON

Arboviruses nay overwínter in diapausing adult fernale mosquitoes

(Reeves r974). The mosquito culiseta inornara (I.tí11Íston) probably

overwinters as nulllparous non-blood-fed females (Hudson I979), but there

is the possibllity that some parous blood-fed females may overvùinter

(Dow et al. L976). Hudson (1979) observed that a sr¡all proportlon of

diapausing Cs. inornata females could be índuced to take a blood meal,

and which they often expelled before ít was digesÈed. The possibility

exists that diapausing Cs . inornaÈa may take an infected blood meal and

acquire lrestern equíne encephalitis (IIIEE) virus. They rr,ay then expel the

blood, ove:vinter successfully and transmit the virus to a ner^/ host in

Èhe spring.
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MATERIALS AND METHODS

Cullseta ínornata used to lnvestlgate the response of cliapausÍng

females to a blood meal were coll"ected on 20 August 1981, from an

emergence cage placed over an artifÍcial- pool. Females were kept at

17oC, L2L:LZD and offered a L0% sucrose solution. On 27 August (day O)

10 females were dissected. Twenty feruales were offered human blood by

placing a cage (2.5 x 2.5 x 15 cm) on the arm. This r¿as done rwice,

once on 27 August and again on 28 August. Ten blood-fed females were

dissected at 7 days post-b1ood meal, and 10 at 20 days post-b1ood meal.

Sucrose-fed females v¡ere dissected on the same dates.

The ovarian follic1e stage was recorded (Mer 1936) and the fat body

rated on a scale of 0 to 3, 0 being no fat in the abdomen and 3 being

fu1ly distended with fat (Burdick and Kardos 1963). Follicle:germarium

(F:G) ratios (Hudson L979) \,tere computed for the females dissected on

day 0.
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RESIILTS

Nine of l0 Cs. fnornata dissected on day 0 had ovarian follicles

at stage Ib (Table 1) and F:G ratíos of <1.5; one female had ovarian

fo11íc1es at stage IIa (Table 1) and a F:G rario of 2.63.

Nineteen of 20 females took a blood rneal (Table 1). sorne of the

blood fed fernales expelled the blood within 24 hours, but second blood

meals were readily taken the next day. Two of the females in the blood-

fed group, dissected on ð,ay 7, did not develop eggs (Table 1); one of

these was probably the one female out of 20 that díd not take blood.

All of the blood-fed females dissected at 20 days developed eggs (table

1). T\¿o of the sucrose-fed fernales a..r"fop"a 
"ggr 

(Table 1).
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DISCUSSION

The najority (9/10) of the Cs. ínornata females dissected on day 0

had follicles at the pre-resting stage Ib (Table 1) and a F:G rario of

<1.5. These are the conditÍons Hudson (L979) used to define gonotrophic

diapause ín this species. The fernales that were offered a blood meal

fed readily. This is contrary to the restrained response observed by

Hudson (1979), Almost all of the blood-fed females developed eggs

(Table 1) , so gonotrophíc dissociatíon may not occur ín this species.

An undetermined number of females expelled their first blood meal

within 24 hours. Thís type of behavior was also reported by Hudson

(1979). Thís means that if diapausíng Cs. inornata females feed readily,

but then expel the blood meal, they nay be a possible overwinteríng

reservoir for WEE vírus. As excíting as this possibility may be, one

must remember that Cs. inornata prefers to feed on large m¡rnmals

(Terupelis 7975). The chances of females feeding on a virulent host in

late summer are therefore quite 1ow.
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Table 1. Fat body size and stage of ovarian follicles of Cs. inorna ta
females collected on 20 August 1981, and kept at 17oC,
L2L:I2D, and offered a blood meal on 27 and 28 August (Day 0)
or maintaíned on sucrose solutíon (L07,).

Fat body Fo1licle stage

Trea tment Day 0 12 3 Ia-b IIa I I Ia-V

Pre-treatment 0

Blood-fed

Sucrose-fed

Blood-fed

Sucrose-fed 20

1

2T

63

5

1

20

3

7

6

61 9

3

3

9

9

7

7

J

8

1

9

1

1-One may be the female that did not take a blood mea1.
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GENERAL DISCUSSION

Culex restuans may have up to 3 generations/year r^rith the second

being the largest. Madder et al. (1980) reported similar observations

with Cx. restuans populations in southern Ontario. They postulated that

the thÍrd generation was snall because rnany of the females from the

second generatíon were in a state of gonotrophic díapause. This is

probably true for Èhe l*lanitoba populations as we11.

In this study nany more Cx . restuans egg rafts were collected from

ovipools than adults from cDC light traps. The large number of egg

rafts indicates that this species is more abundant Èhan CDC light trap

catches indicate.

rn ontario, cx. restuans is believed to be a vector of st. Louis

encephalitis (Iladder et a1. 19B0). rn Manítoba, ffiE has been isolated

from this species (Norris L946, Sekla et al. 19BO) . Blood meal identÍ-

fication studies have shor^m Èhat cx. restuans prefers bird hosts

(Tempelis 1975). rn Manitoba this species is probably an important

epizootic vector of I^IEE.

Culex tarsalis egg rafts were not collected in large numbers. This

is probably because all of the pools, except the pool at the GRS ín 1980,

were shaded. l.Jalters and Snith (1980) found that pools exposed to the

sun were more 1íkely to contain Cx. tarsalis larvae, than were shaded

pools. Thís species !ùÊ$ attracted to the cDC light traps. peaks ín egg

raft numbers and adult females occurred ín July. This is when LrrEE

actÍvity is greatest during epídemic years (sekla et al. 1980; Brust,

R.A. Pers. couru.). This specles has been incrimínated as the primarv

vector of hrEE in Manitoba (Henderson et al. 1979, sekla et al. 19g0).
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Tt¡e abundance of Cx. tarsalls fn July ls further proof that this specles

1s the prfuoary vector of I.IEE in Manitoba.

Culex tarsalis nay be an overwíntering reservoir for I^IEE, although

vÍrus isolatÍons from ovenå/intering fenales are rare. T\^¡o females col-

lected in Decernber took blood-meals and did not develop eggs. Mitchell

(1981) obtained the same results wíth overwinteríng Cx. tarsalis from

Colorado. He also found that the females would only feed Íf placed next

to the host. Therefore, blood feeding by overwintering females is not

likely to occur unless they are next to a host. T'fris may occur if the

mosquítoes overr¿inter in a marmal burrow that contaíns a host. Día-

pausing Cx. tarsalis have been collected from mammal burrows (Shernanchuk

196s).

Culiseta j-nornata has 2 generations /year with much of the ovíposition

actívíty occurring in the spring and early sunmer, before the peak period

of I{EE activity. Sekla et al. (1980) isolated hrEE from this species in

Manitoba. Mclintock and Ïversen (1975) suggested that this specíes may

be an iuportant vector of I+IEE in the spríng and ín areas where Cx.

tarsaLis does not occur. Blood-meal identífícatíon studies have shov¡n

that Cs. inornata prefers large maumals (Tempelis 1975). It ís believed

that large rnan¡mals are dead-end hosts of I.IEE, and that mosquítoes cannot

becoroe infected when they feed on them. Therefore, cs. inornata is

probably not an imporÈant vector of WEE.

Diapausing Cs . inornata females took blood and develo ped eggs.

Hudson (1979) obtaíned the same results with this species in Alberta.

It is of l-nterest that some females expelled theír first blood meal be-

fore it was digested. Ttris behavior was also reported by Hudson (1979)

If this behavior occurs in nature, Cs. inornaÈa rnay be an overwintering
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reservofr for arboviruses.

Of all the mosquito species from Manítoba froro which l^lEE was iso-

lated An. earlei had the híghest minimurn infection ratio (Sekla et a1.

1980). The ability of thís species to vector WEE is unknown. In this

study females collected in December and given a blood meal exhibíted

gonotrophic dissociatíon. Anopheles earlei nay therefore be capable of

overwintering WEE. It ís unfortunate that the vector capabÍlity of this

species is unknown, because Ít may be the key to r¡inter rnaintenance of

WEE in Manitoba.
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SUMMARY AND CONCLUSIONS

In Manítoba, Cx. restuans and Cx. tarsalis may have 3 generations/

year; Cs. Ínornata has 2 generatíons/year.

Overwintered fernales of Cx. resllleng, Cx. tarsalis and Cs. inornata

were active in May and laid eggs before the end of May. Oviposition

activity in Cx. restuans and Cx. tarsalis generally peaked in July;

in Cs. inornata it usually peaked in June.

Daily oviposition in Cx. restuans showed a diel periodicíty, \^tith

peaks in activity 2 hours after dusk and agaín at dar^m.

Female Cx. restuans of the spring generation lay significantly more

eggs per egg raft than overwintered fernales or females of the sl¡¡rmer

generations.

Diapausing An. earlei and Cx. tarsalis exhibited gonotrophíc dis-

sociation, and m¡y therefore be oven'Tint.ering hosts for I^IEE.

The population dynaurics of Cx. tarsalis best fits the seasonal

occurrence of I^IEE. This species is like1-y the primary vector of

this virus in Manitoba. Culex restuans may be an iuportant

epizootic vector of I^IEE.

The monitoring of ovíposition activity, as carried out in this

study is a suitable method for monitoring populations of Cx.

restuans and Cs. inornata but not Cx. tarsalis.

7
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APPENDIX

Survival of Anopheles earlei and _qql5e!e inornata

Released in a Natural Overwintering SiÈe

The wínter survíval of nosquitoes in thefr natural overwÍntering

sites is nor well studied. Hudson (rgig, Mosquito News 3g:570-579)

observed a 88.52 winter mortalíty ín Anopheles earlei vargas over-

winÈering in a ce1lar, with a mean temperature of 6.4oc. Mitchell
(1979, J. Med. Enr. 16:482-487) narked 379 hibernaring lglgë rarsalis
Coquillett, his recovery of 8.7% of the marked population 3 to 5 months

later gave a rough estimate of wínter survíval. The winter survival of
wild diapausing An. earlei and Culiseta ínornata (I{i11Íston) was studied

at an overwinterÍng site on the u of M campus (Arntfield, Gallaway and

Brust, 1982, can. Ent. 114:85-86). A screen door was fitted to the

entrance of the Èunnel to prevent mosquitoes from escaping.

Diapausing An. earlei females were collected from hÍgh\,iay culverts
in southern Manitoba during September and October 1981. These mosquÍtoes

were kept at 15oc, 8L:16D until they were released into the tunnel-.

Fourth ínstar larvae and pupae of Cs. inornata were coLlected from road

side ditches ín níd-septernber 1981 and allowed to emerge ínto a cage

kept outdoors. The Cs. inornata were kept outdoors in a cage and offered

a IOZ solutr-on of sucrose untÍl the females Ìrere released into the

tunnel.

Table 1 shows the numbers of mosquitoes naturally occurríng and

released in the tunnel. None of the released mosquitoes could be found
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1n the tunnel at the end of January. At this time the temperature in
the tunnel was 8oc. Diapausrng females of these specÍes have super

coollng poínts below -10oc (Hudson 1978, can. J, zoor. 56:1697-1709).

ïhe temperature in the tunnel was probably too high for successful

ovensintering of these species.
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Table 1 Numbers of Anopheles earlel and culiseta inornata naturally
occurring and released inJ subtãrranean t""""1 on the u of
M campus.

Date Temperature (oc) An earleí Cs. inornata

4 Sept. 1981

18 Sept.

2 Oct.

19 Oct.

6 Nov.

13 Nov.

15 Jan. L982

29 Jan"

79

15

13

T4

13

15

16

0

0

7

120 *

330*15 B

6

9

B

15

124,\

0

0

0

0

0

* Released mosquitoes


