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ABSTRéiCT

by

Rei¡hart ALbert Brust

BÏOI,æT .âND CONTR,OL OF ¡4OSQÜTT@S trq TTTE GAEATTR, tr'ITNI\JTIEG A¡EA

Lar¡¡ae and Erpae of ¿gdqÊ veIêIEr Crüiselg ino_¡na:Þa, .A.edes spence_rfl

and 4g¡1es gegype¿ res'pond.ed to short wave lengths of light at 1or.¡ ffght
íntensitLes, but to long wave lengths at only high líght íntensities.

Adul-t nosqrritoes native to l{anitoba were able to dist5nguish between

red and blue light" Tdhen subjected. to r¡hite light at dffferent light
intensities the mosquitoes were attracted to the líght of greatest

ÍatensÍty.

Further experiments r,¡ere conducted using the labratory reared. adrrLts

of AedeÊ geÊ.rebi' I¡a feeding trials r,¡hole bl-ood was ¡:referred to corpuscles

washed. in o"L5î¿ salfne" serum or plasna was just as attractive as whole

blood and was pneferred. io o,I57å salfne" lihen host sti-mnf.f were i.nvestigatecl,

temperatures of 36*¿nO"Co wef,e founcl to be prefemed; noisture .hras found to
be highLy attractive; eolours black and dark blue were visíted in large

nunbers r+híle ltghter hues attraeted very ferv nosquitoes" A horizontally
placed cylÍnder, 3¡l j-n d-ianeter and l8t? long r,ras found. to be ürree tjr¡res

as attractive as a vertically placed, oneu

?lant florlers of sweet cloveru red clover and, mustard r¡ere fou¡rcl

to be attractive to u¡r-feci fernle and male nosquÍtoes" Rose plant erbracts
poduced a posÍtS.ve olfactor)' stinìrlu-s but exiracts of lilac and straruberr¡r

r¿ere forund to be repellent"



Adult fenales of Ae&g g€gtrgþå (LÍ-nnaeus) preferrecì course teri;ured

surfaces for ovíposÍtion" cr:4gç*C ¡¡glngþ (lt::tiston) r a species most

abundant ín the lÍght colleetionse r.ras not foturcl in ¡lbitl¡og¡t collections,

Tests have indicated that the top nfnnor+, QanbuS:þ Q€ligij:ri+ir-lcli

r,¡as earlLer" Ilresurned not to be eold.-hard,v, can overwi¡ter ln this clirnate"

Tests have shor.¡-n that no resistance to DüI Ìras developed in the

nosquÍtoes of the W5::nipeg areac
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Anong t'he earliest references j¡ the literature to the rosquito

are certain passages in Arj-stotle ß81+-322 B" C") referrÍng to r?empisti

(signifyj¡g the rnosquito) as be5-ng among certai¡ creatures r+hieh, con5ng

from pntriJying Iíquids¡ are neither produced out of other anjmals nor

d.o they copu-late, i,€.c they were thought to arise by spontaneous

generatÍon of Lífe, a belief heLd ln regard to the nosquito larva which

still persisted some ti¡o thousand years later (Christophers, 1960) " The

nal:e mosquito rn'as usod from early times jn North åmerica and the &<ford.

English Dictionary quotes tr'Ihitbourne (t6Zg) r,rrÍting of Newfoundland as

saying, nThere ís a litt1e nimble fly lrhich is ealled the musketon,

This long hfstory shorvs hor¡ successful rnosqu-ltoes have been i:a

adapting themselves to countless habitats rangS-ng f¡:orn the tropics

r,reIl ínto artic regions" The habit of breedíng fu small boclies of

standi^ng t+ater i-n areas susceptibS.e to drought and living in climates

where freezing temperatures predonSnate six rronths of the year has not

reduced their part in the produetion of hunan diseaseo the loweríng of

i¡dustrial efficiency, the retarding of agriculture and, the loraering of

real estate valuesu ID the tropics and subtropics the pathogens of

malaria, d.enque, yelloli fever, filariasis and equS-:re encephal-omyelitis

are transn'ritted by mosquitoes and kjil many rniJlions of people each

year (Chand.ler, 1956),

I'losquit'o trnpuJ-ations reach a mrch greater density in colder clj:nates
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than they do in tropical reg5.ons r+here breeding is continuous throug;hout,

tlre year, giv5ng a constent level of infestatj-on (Chandler e 1956),

Ibsquitoes i¡ te.nperate regions such as trrlinnipeg have a cold-resistant

stage, usualiy in the egg, r,rhich can survive the r,¡inter and hatchÍng

occurs with the return of r.rarm r"leather and surface l¡ateru Developnent

to the aclul-t is rapid, eggs are lafd and the r+hole lÍfe cycJ-e is conpletect

i¡ a short ti¡re,

l{any different nethods have been d.evised to control the nosquitoes

throughout the r¡orld, The nethods used i¡ one area are not necessarily

successful in another and they must be tested to see if they ean meet

the problems plesented by clinatic conditions, environment and the

species present in an area@ Ibsquito control- in Greater lriSnnipeg was

first begun 5n 1927 when an organization called the Greater Winnipeg

Anti-lbsquito Canrpaign ï¡as formed" Gontrol operations b}r ¿¡1¿* group

r¡ere financed by vol-untary contributions r:r¡ti[ 1953 when the Greater

I{Ínnipeg }bsquito "Abate¡:rent District uas forrned and today this stiLl
repnesents the only Sncorporated mosquito control group i¡ tanada" In

the fall of 196O lt, undoubtedly, r"¡iJ.l be 5neortrnrated into the l6tro-
pol5.tan Governnnent .A.dninistration for trriinnÍ1:eg, The control area covers

?25 sqaare miles and benefits more than half a mjllion træople,



THE TROBIEIv!

This stu-dy lras conducted duríng 1959 anð.1960 in the Greater !tr5.:anipeg

areao The roain investigatlon was eoncerned r'¡ith the following aspects:

ï, Ibsquito Biology and BehavÍor¡r

(u) sensory and visual stl¡iuli
(b) the colour sense of nosquitoes

(c) eLassÍf5.cation and relative abundance of rnosquito species irr

th.e Greater i,Jinnipeg area

(¿) fJ-ight behaviour patterns of native lfanitoba species

fI" EffectÍveness of }bsquito ControL i¡: Greater. W5-nnipeg

(u) la:¡¡al and pupal survey i¡sicle and outsicle the &tstrict
boundarfes

(b) adrrlt light trap eollections i¡side and. outside tbe district

Î4PORÎANCE OF TJTE TROBTEM

A coriplete howledge of the ljfe cycJ"e and behaviorzr of an¡r. 5:rsect

is basic for the establíshment of an effective program of pest control,
For this reason efforts were d.jrected toward biological studies of
native nosquåto species" In the wl¡ter of 1959-60, r,rhen praírie nosquitoes

t*ere not available, laboratory cultures of Ae.dff aeqXpti wez.e used,

trbon the standprÍnt of nosquito abatement, a krror.rledge of nosquíto

species is invaluable" Not only are the necessary control methods

determi¡ed. by the habits of the particular stræcfes but one cannot reach

a true estinate of the results of the r,¡ork without this lmowledge" SÍnce

nosquitoes fly, or are wi¡d-borne, often for some distance, locality i.s
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not decisively a d.etern:-ining factorn If the mosquitoes havo been

breed.ing outsid.e the control area, a knol¡ledge of that fact r,¡ould

prevent the useless expenditu¡e of time and public funds on control of

local breeding" Ì&Lj¡¡tock (tgU) v¡as the first to list the nosqrrito

species found- j:i the Greater l^ISnnipeg areao I:l the sunimer of 1959 and

l96}t fÍve rnosquito species not recorded by lblintock, r.rere identifÍed

from areas i¡ and around. Ïfinnipeg" These species have long been found

in regions of Mi::nesota and 1,úisconsj-nn The j¡ference could be rnade

that these speci-es are exceeding their former bormdaries and are i¡-
fi-Ltrating the more northern parbs of the continent"

Clarke (tgZZ) retrrcrts that some mosquitoes are able to f1y great

d.istances under favourable cond-itions and supports hís statement r¡ith

evidence that only tr,¡o hours after tagging, a specÍmen of Ae:Les vçå+s

was reeaptured sjx miJes frorn the point of releaseo spec5mens of

Aed.es veryrs were captured 14 niles fron the release pojrit after one

night"

Investigations on flíg'ht behavior:r of rnosquitoes around lüi:inipeg

were conducted tc deterrni¡e theÍr flight dístance and orientation"
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CHAPTffi, TT

i'{osQurTo B]oLOûY

OvinositÍS¡n

l4osquitoes ean, in generale be divid.ed i¡to tr¿o classes depend-5.ng

on whether or not their eggs enter j:rto a period of do:rnaney"

In }fanitoba those species la¡'¡r* nnon-dormantn eggs are j¡rcluded

under -r,he genera A4qlbeleÉ, fuþ¡ Lqlåqe.lg, @Eg4þ, Ae-¡þs species,

25 of r+hich have been recorded on the pacairies (Rempelu ]rgfi), lay eggs

which become mdo::nanttl 
o

Doznrant eggs are much more resistant to drying and freozilg tenpera-

tures; these being tl¡o reasons why the genrr-s AeQeS is the nost abundant

i¡ and. around Ì'Iinnípeg.

Dev_e-lormegþ

nNon-Corsantn eggs are laicl directly on the water and stay afloat

until they hatch" Larvae appear lþ8-60 hours after oviposition at a

temperature of 22oc" and B-11 days at lloc, (Barro l95s), The larvae

may requÍre from 6-24 aays to complete their developanent under normal

conditions, but if they are subjeeted to continuous lol¡ temperatures

d.evelopnent uay be prolonged for 35-/+O days anct_ r.¡nder these cond-itions

hÍgh nortality is j¡rcr:rred.

The pupal stage lasts about 2 days at nornal outside temperatur.es

but persisting lor,i temperatures nay delay aclurt emergence for /+-5 d.a5's,
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The aclr:lt female overu¡inters in barns, outhouses, granariese cavese

hourses and. other sheltered sÍtuations, In early spring the feniale leaves

its hibernatilg quarters to seek a blood meal. The first generation

larvae are found durÍng the latter part of },la5r j¡r the Greater Vfinnipeg

area o

Aed.es species, lay5rig ndornranl, eggsftr usually have onl¡r one

generation a year, honever, this nay vary accord5ng to the species, the

season or both" Species that charaeteristically hatch from eggs in very

cold water have a generation j¡ the spr5ng and another in the faIl (Barr,

195S) " $35þ5 dgrselis and. @[gg vgxanrE belong to this groìjtpo Other

.â,ed.es species for.:nd. Ín northern regious produce eggs requiring cold

terrperatrrres during the incubation period (Barr, f95B). It Ís the egg

that overr+i:rters and- hatching occurs i-n spring rurt-off r,¡ater" The first

larvae found- i¡r and- arou¡d Hir:nipeg in l.:959 and 1960 have been AedcE

spencerÍi and- @!gg dor_qeli-g"

l4atinE

l'{aJ-e rnosquitoes 5n a given population pnractically allaays begin

emerging a day or tr,ro before the fer¡ales" The shortening Ín develo¡nnent

time amongst tÈre males oecì¡rrs jn the fourth larval i¡star, Due to this

shorter period of devel,opnent, pupae and. ad-ult males are correspond-ingly

smaller irr size (Baru, L958) 
"

lrrating of most mosquitoes takes place i¡ a ttsr¡armt! formation, Under

certaj:r cond-itions males begin a peculiar dancing flight r¿hich seems to

be necessary for most species (Bassler, 1958), Iuîale swarms may vary i:r

size from a few to several thousand and. fo:ru at lovr light i¡tensities

i¡ the evening or in the rrcrning, The fenale usually pairs fuomediately
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upon entering the s!'¡arm; eopr:J.ation requiring only a min¡if,,s 01' soe

although it may be prolonged for hours j¡ some species (CuliqeSa

i¡ornatq) (Bassler, t958).



CHAPTER. TIT

T,ABORATOBY EXÏEA.II'ENT$ WIÎH AEDES .AgGytTT

Adult F-eedine Behavåour

Intrsdus:-tlqn

The blood-suck5.::g habit is almost universal among fernale nosquitoes,

and j-n most cases blood is necessary for egg maturationu ExceptÍons to

this are Aedej¡ atgapqlpus, Âedes conru::lis and..Cu1ex ÞiÞiens¡ all of v¡hictr

can lay eggs nautogenouslytr (i,rithout blood) but i"¡ill- take blood on

occasj-ons (Barr, 1958) 
"

The fernal-e of $gies aeevpji has a dÍurnal biting cycle with tr¡o

peaks of najor activity. the first peak occurs 3 hours after sunríse,

and the second one hour before sunset (lrc0lelland_, 1960) " As early as

1905 it had been noted that adults of Aedes aegyptj fed reacliry j¡
arti-ficial light, but r+ol¡.ld not feed. i¡ total darlaness (Horsfa1l s 1955) "

The t'¡rfterts experience has been that *Of, of the fenules that fed under

optimtrn light conditions also took blood 5n period.s of total d,arlcress.

A subdued lightt r¡as effec'cive bu-b the best feedÍng was obtai¡red. l^¡iih a

red ligh-b" The time al.lot'ted to feedi-ng r.¡as usually five minutes, and

one blood. meal t"¡as sr.¡fficíent for egg laying" lulcsquitoes fed. on human

blood laid an average of 88 eggs after the first meal and. 55 after the

second (Barr, 1958) 
"

It was observed. tha'b r,¡hen the fenales viere allor,red to engorge

themselves, they r,¡ere unable to fly and i,¡ourd consequently drop to gre

floor" This is not very surprising uhen it is considered thai they are
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capable of Íngesting 1"5 tj-rnes their oim weight i¡ bloode ealculated

from Tarshis, 1960" C+Ieë tAiîqqli.q consruoed. on the ave-rage Z,!y', mgs"

of ouidated. human blood. ancl @þg aqgyp!-i 2"2i mgs'

Burgess and Bror^rn (f957) and Laar.nan (WSf) denonsiraied that

rnosquitoes are attracted to beef bl-ood and rabit blood respec-bivel¡r"

By the olfactometer metirod, ruhole blood was 3-4 times more attractive

than rr¡ateru wh5.1e plasna llaS ,oreferced /v^5 tj-mes" tr^lhen whole blood

was coïûpared to l¡ashed corpuscles suspeirded, Sn O"% salSneu blood v¡as

2-3 tjmes as aitractive (Burgess ancl Bror.rn, 1957) " Hosoi (Wfg) t by

enploying voluniary and forced feeding meihodsrfound erythrocytes to be

rcre aitractive than plasma. He t¡eiri; even further and id.entified the

attrac-bive element as adenosine -5r - phosphateso These can be exi;racted.

from the blood. corpuscles by paper chro¡'ratography.

?rior to HosoÍts publications, the r,r,iter attemp-ued. quantitive

feeding of blood and its various components" A feeding stimulus j-nvol-ves

both olfactory and gustatory responses and. boih a?e necessary to detertine

the palatability of an ingestible componentn For this reason a feed5ng

method. r"ras preferred. to the olfactometern

Tarshis (1959) found that Culer tgqsslis fed. r,¡ell through an5*mal

derived membranes" Sil-verlÍght whÍch was derÍved from the caecum of an

ox, gave the best feeding results" The r¿riter obtained th:is fro¡n

Julius Schrnid., I.lxc., Net^r Tork, N, T" for use in the experiments t'¡hich

foll-oi'¡'

l4ethpj

Outdated hu¡nan blood. r,¡as used for all exper5-ments* The atiractiveness
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of whole blood- was compared with washed corpuscles, serum or plasna and

AJ5/, sali¡e"

The feed.ing cage, l?tt x 72n x 14rt consisted of tr,ro colrpartment,s:

the upper part enclosed and mai¡iaj-ned at JSoC, by a small heater; the

lower part maintained. at room temperature of 25-26ot" and 50-6OoF,

(nigr.r::e 1), Tr,ro lnrts connected. the upper and lorrer sections of the

cage r+here test subsiances were offered." 1r'¡o sna1l screen eylind.ers

rrere fastened to the ports from below and j-nto these Ìrere jnserted

equal nu¡nbers of female mosquitoes" The test substance uas emptÍ.ed,

i¡to the thistle tube ruhen the upper part of the eage reached 38oc.

The large end of the tube uas covered with a membrane and placed 5nto

the port" Rhodamine B dye, r,¡hich fluoresces under ultraviolet light,
r+as ad.ded. to the test fraction for identÍfication of the fed mosquitoesn

Feed.ing time allotted to the experiment r,¡as tr.¡o houys,

ReSq-1!g

Figure 2" gives the perceniage of mosquitoes thai fed. on r^¡hole

blood compared. to the percen'bage that fed on blood frac'bíons and salj:ee,

Whole blood r.ras preferred to lrashed corpuseles and O"I5/. safi¡re, Plasma

was fou¡rd to be just as attractive as blood and. preferred. to O.I5ii, saljne,

Hos-L FacÌ;ors At'bractåVe to }¡lrsqu-itoes

The realization that the adr.rrt female nosquito aplrroaches its
anjmal hosÌ; as a re,sponse to cerbain token s'r;inuli 'i;hai; the host j-n-brod.uces

into the environment has prorapted the study of i¡dividual host factors

that m5-ght constitute siinuJ.i" The attractiveness of carbon dioxide,
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Figure 1" Adüt Feeding Cage, Aedes aee{pti

A, ToP View

Bn Síde Víew
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Figure 2. Comparative Percentages of l"bsquÍtoes that Fed on

Various Preparations of Outdated Human Bloocì.

.An ï,Ihole blood

B" 0"t5lá NeCl

C" Corpuseles suspend.ed i¡ 0,15ft NaCl

D. Plasma or seru¡ri

Confldence lirn-its of the percentages Lrere taken at

0,05 significanee level,
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moistureu r¡ar¡rth and rabbit blood. vapout's have been Snvestigated. by

l,aarqan (1955) and. Bror,rn (nSq, It r"¡as demonstrated that rnoist air

was nore attractive than dry air, and that carbon d.íoxide j¡rcreased.

the attraetiveness of dry aír but not moist air"

The r,¡riter confirmed the above fÍnd.ings of Laar¡nan (1955) aud

Bror,m (tgSO) by usi:tg outdated. human blood and compar5ng Íts attraetive-

ness to wateru Ftrrther Snvestigations were concerned t*¡ith the warmth,

mois'bi:re, colour and position of an inanj-raate object and whether these

factors affected the attractiveness of the object,

l'lethod

For the tests 500-600 rnosqu5-toes i^tere placed. j¡ an exper5-mental

cage, 2/*u x Zlntt þy 3$rr, The adulis were maintaíneð, on Iú16 $rgar sol-ution

untiL dS hours prÍor to the experiments, This solution i,¡as then replaced.

r+ith distilled r^¡ater until 12 hours before ihe tes'bs.

In ord.er to compare the attrac'biveness of blood and. r¡atere 5 ntrs,

of blood were placed j¡ a petri-dish and covered with cotton wooI, One

dish con'baining blood and the other con'ba5-ning 5 mls, of water, lrere

placed side by side i¡ the cage. The nu:¡ber of ad.ults landing on the

cotton r¡oo1 over the test substances were counted every 30 second.s for

a period of 5 ¡oj¡rutes,

A glass cylSnder 18tr high and Jfr i¡ dianeter was used j:r the

second set of experimen'bs" tlarn cylinders lfere compared to cold;

r+hite compared. to black; and a horizontal position conpared. to a

vertical, Colowed balloons were j¡troduced i-nto the mosquito cage to



u
compare varÍous hues,

Resul¡Ì,Ë

ï¡r Table I ít r'ras obser,r'ed that noisture increases the attraeiiveness

of an object J*/u t'ines, Blood vapoirr was found to be more attrac'oive than

r,¡ater j.n accordance r+ith the ftndings of Br.rrgess and Broun (Wfl),

A r.¡ar.m cyl5nder (betr^reen 36*lra"Cu) was forrncl to be nearl¡r twice as

attractive as a cold. one and fenale mosquitoes, u1þn alighting, we1-e

observed to probe the rva::m cylínder excitedly thus inclj.cating that

warmth is an important probing stim:fus (taUle lI),
The black cyli-:rder being comparecl with a r,¡hite one r^ras preferred

j¡ all cases r^'hether rdarm, noíst or dry (tarte rrr). tr{hen balloons of

dífferent colou::s r.¡ere tested; green, dark blue, and blaclc were preferred,

No nosquitoes landed on tlie yelloÌ¡ or orânge balloons.

A cylSnder suspended fn the horizontal position attracted 2-3 tlnes

nore mosquitoes than the same cyli^nder suspended l¡ a vertlcal position"



L5

TÂBTE Ï

NESlONffi OT AEÐUi AEGY8TT To ¡4O]sTImE AND BtcIOD slTT'IuT,T

Experfu'ænt No"

Number of }bsquftoes Aggregating on Dlshes

Blood trtrater ¿

1

I

3

77

82

81

2lno

67

65

62

19/+

r.3

1,6

}*Z

2"85xTotal-

I'Íoíst Cotton Dry Cotton

l_

2

3

lv

TotaL

73

95

]..tno

J23

/+3L

IÅ.

u
28

æ

89

2,9,Y

3"2w"

3"3w

5déffi

6"6*+x

x 5% J.avel of signifieance

L/" J.eveJ- of significance

Each expori-ment consisted of 10 replicates
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TÂBIE TT

THERi'iAt NESPONffi OF å5DES ÁEGYfTT

No" of MosquÍtoes landing on the Cylínder

Exprirnent No, 't¡lar¡n C¡'Iínder Co3.d Cylfnd.er - t -

Total

]76

2æ,

98

556

I
2

)

I22 2.9

160 3.2w

_æ 3Æ
3A 3"1x+

x'* L/" Ievel of signS-ficance

Eacb experiment consisted of 10 replieates
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TABIE TÏ]

VISU¡I.L NESPONffi OF AEDES 4EffiI

Experiment No,

Nwùer of lbsquitoes Landing on the Cylinder

Black ïIhi-te

1

)

3

1.85

222

30L

TLT

28

36

Æ
104

3.8å+*'

3"'7x+

L"2Y'#'

5 "/rx+'
Total

HorÍzontal Vertical

Total

236

2J2

æ
766

].:oz

I20

!9e

386

3"3w

3"1*x

3"2*x

3.f.'¡<x

I

3

*"* I% Level of significance

Each extræriment consÍsted of 10 replicates
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?lant Odours Âttractive to lú.þsouitoes

Female moso¡ritoes have been observed to visit and- probe severål

species of flor¡ering plants for nec.l,ar and juices (Earr, 1958) " ünd.er

Laboratory conilitions ¿l.edee c,o¡r¡'iu¡ijl males and femeles visit flot¡ers

and- i-rrgest plant julces and neetars as shor'iri by their accurnulation of

P32 fro* activatecl flor.reri:rg plants (trùestu Jig5J.)"

tro laboratory experjments the r"¡riter for¡¡d that mosquitoes lived.

tor 2/v-L8 hou:'*s without uater ancl four to five days r,iiihout food.. The

longevity of the average mosqu-ito is 6O-80 days in the l-aboratory and

3O-¿,ß da¡rs ¡t the field (Horsfa11, L955) u Mosquitoes not able to obtaj¡

a blood. rneal after four to five days nust therefore depend on other food.

sotirces o

ïnvestigatíons uere concer"ned r.¡ith some plant florn'ers native to

Manitoba and r,¡hether these sefl/-e as -possible food sources to the mosquitou

IÞthoÈ

In the first series of l-aboratory experimentso olfactory sti:nuli

of plant florn'ers r+ere investiga'i;ed-" St¡eetclover, red clover and- mustard

piants i,+ei:e selec'ced. ancl- their flov¡ers removed. for the testsu The flor,¡er

paris r+ere placed i.¡: petri dishes and covered i,¡ith cotton l¡oo1 j:r order

to test the olfactory resporìseo i'J.ater was fot¡nd- to produce a standard

response and r,¡as therefore used as a control. Better results r'¡ere

obtained from stan¡ed than from fed mosquitoes hence adults rorere given

no food for 2[ hours before the 'brj.a]-s, The test dish together with

its control i,iere placed sjrnultaneousl¡r j¡to the cagee The mosquitoes
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aggregati:rg on the dishes were coun'bed. every 30 second.s for a five

ninute perS-od" Responses to sv¡eet clover and bucl$+heat honey !reï"e

investiga'bed and conpared to a lra'ber stimuJ_us"

In the second. series of experir.rrents e:rtraets of plant fl-ol¡ers

i'¡ere obtaj:red fro¡c a perf ne distribuborl, (These prod.uc.i;s were

rnanuíac'bured from raw materials by a Bufane gas cold extr.actÍon

process) ' Olfactory responses to the perfunes Ì/ere tested j¡ a sÍ¡iil-ar

nanner as d.escribed. above.

Â11 experilnen-bs i+ere cond.uc.bed at a roo¡r iemperature of Z5-2goç,

and 50-6ú, hr-inid-1t;r"

The figures presen"bed j¡ Table.s r, Tr and rïr are the expe::iment

iotals. Each consists of ten replicate,s, å. Student -t- exÌrerimental

d.esign r,¡as u.sed- to coinpa::e the treatment meenso

Requ]..f q

The experlment totaLs show that there waÊ an olfactory response

to the plant flor,¡ers (table w) " Sr,reet clover ancl bucls.rheat honey

r"rere more than tr.¡ice as ai;traci;ive as va.ber. This response v¡as not

due to the sugar content 5n honey sjnce tests '¡ith ten percent glucose

and ien pereent sucrose shor"ed. that these rirere not attracÌ;ive (tafle V) 
"

Erbr"acts of rose2 pJ-ant fl-oi,¡ers were attractive to mosquitoes bu-t

erbrae'bs of i ilac3 and strat+aerrfr plant fJ-oi¡ers -f.Iere repelleirt (taote Vï) 
"

]1" Robertet, Inc", 221 Fou::'i;h Ä.venueu New york 3, lrT"y"
2Rou* lbrcs (tlzl J) and R,ose (3Zoo)
3r,iJ.u" (lttz¡
4trar+beryy ß7og)

(Numbers listed are for the manufacturers identification)
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TABffi TV

REs?oN.sE 0r Æg agGTSTI T0 OI,I'A0T0RY SIÏMitÏ

Number of }4rsquitoes Aggregat5ng on Dishes

Experiment No. Sr'¡eet Clover i¡Jater L

Total

120

u8

ru
579

t)

].35

ru
/+35

3"3x+

]-rt+

3*0-
3'lxx

I
2

3

Red. Clover !Jater

I
2

Total

Ð6

8þ

222

J2]

6È

TW

2,5

æ,

J "1æ

ïôrstard 1{ater

1

2

w
161

303

130

wå

285

¿"o

LT
2'6xTotaL

xx Sigpíficant at the V, ]..eve]-

åf Significant at Lhe 5/" Ievel

10 replicates for each experlsent



2T

T.åBTE V

AT"9PO}ISE OF ÁEDE,S áNGYFTI TO OI,FACTORT A.ND CTIEI'fiCÁ.L STII'flILÏ

Number of l4csquitoes AggregatS::g on Dishes

Exper5rnent Non 10% Bucl¡ruheat
Honey

llater - t *

1

2

3

8l+

368

LØ
916

L7

6l+

_31

r52

J"Jffi

/*,8lÉ*

6"8.¡+år

5"6xxTotal

10Ø Sweet tlover
Honev

Water

I
2

3

7l+

8ó

!æ
)o)

ltl

/+8

Æ
Lt+7

3"3#

3"O+cx

Lã <zraç

2 o Jã::KTotal

10% Sucrose 1'later

I
)

)

È.8

68

_&9
172

5L

69

J3
].73

O 
"/+

o.3

&:
0.23Total-

10ff Glucose 1¡later

I
2

3

8l+

59

_%
239

79

55

101

235

0.5

O '/+

sé
0"65Total

*¡+ Signijicant at the I/" ]".eve]-
å+ Signif5.cant at t]ne 5/, level

10 replicates for each experiment
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TÂBT$ VT

RESPOIISE 0F ÁEpEIi AE_GYITJ T0 PLANT FLOr.m ffiTRACTS

Extræriment No, Rose $broc
(r3? r)

!Íater T*C !

L

2

Total

6S

78

LL3

35

Æ

60

30

53

8S

4øô

Læ
1ø2x

Rose (3Zoo) ldater MA
l@u

L

2

rog

_9A

203

88

3á

].23

2T

æ

80

1,6

Z-e

?,3*Total

Straruberry 1¡,later

55

sg

w3

T-C

-t6

^r72

-118

3,6xx

NY
3"6*FTotaL

10

T6

26

irlater T-C

Total

11

a
2l+

L

)
35

&3

78

*2t+

:Jg

-51+

3"3#

3"Zxx

3"2x+

x+ Significant, at the I/o Level

* Significant at tkre 5/" LeveJ-

10 replicates for each experj:nent

T - Treatrnent; C - tonùrol
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Î¡llupgçeqf -_sw{ase-TeÄUufi .Eq_oLft ip_sitiq!

In!ro_Èl¡stio_-rr

Ïn laboratory rearing of Aedgg B-qÊIELå¡ eggs ï¡ere laid on fíLter
pape-r which uas j¡anerse,l in wat€r" rt was observed that eggs r.rere

deposited. ln smalL depress5.ons of the filterpapero Gupta and

thorstei.:rson (1960) working i^¡i'bh the d.iamond-back noth pl.ulell.e

nacul-:h¡eJu+is foi:¡d that cor¡¡se textured. oviposi'bion surfaees v¡ere

trrreferred to sroooth onese

Tn Ínvestigations on the mosquitoes, different textwed filter
paper and whj-te paper tolrelllng was used to study oviposi'bÍ.on reslÐnses

to the texture of substrate surfaces,

¡e_tfìqd

Filter paper shaped in the form of a eone r.ras placed in a water

filled. petri-dish" A coa-::se-textured fÍ1ter paper was compared;

(a) to fj¡e filter papere (t) to white paper tor,relling" Each experinent

consisted of tr,ro replÍcates,

Rçs-¡&

The course filter paper ave::aged 648 eggs and the fj-ne filter
paper 2!2 eggs per night" lfhen the course filter -r^ras conpared to paper

touelling, the paper tor¿elring receÍved an average of g2g0 eggs and.

the filter paper ó20 (Fieure 3)"
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Figure J. hfluence of Surface Terbure on Oviposition of

Aedes gggyp!¿

I, Wh:lte fÍlter paper

2u irihíte paper towellfurg





25

The _EÍf cc'ii _cjq__AÈqlürLTe _on L,j-eEþ Sespo_aee

Tn 1959 the mosquito flight peal<s exLended over a period of a few

days to a treek, accordS:rg to collections taken J¡ the Neur Jersey lbsquito

J-ight trap (Figure L?). This may be due to tr,ro possible reasons:

(f) tne average life of nosquito nay be one r,,reek, (2) that nosquitoes

may fly less readily after one weekn Horuever, the average llfe of our

most common mosquitos Aed_e_s veëAEÞ and CUl:L,leja i¡gg$_qB 1s 30-40 days

(Barr, 1958), This led to the study of the effect of age on mosquito

light responsee

h-tbod

A screened. cage, 3r x 3r x 6t long, contaj¡¡ing a large window

on each sid,e r+as used for the lighi experi-uents, Native mosquito species

were not available during the win'ber and the laboratory culture of Aede.E

aeeyptl was used, Pupae were placed j¡ the cage and,25O adults (60 percent

females) emerged. r,¡ithin 2d hours, The remaj-ning pupae r,¡ere removsd." The

adults used. i¡ the experiments weye maj¡tai¡ed on ten percent sugar

solution, A 60 r+att lamp was set a'b one end. of the cage and mosquitoes

preferring the bright end r¡ere coi.¡n'bed as trlight attractedl!, The adu-1ts

were dispersed i¡ total darkness and by means of a subdued red lÍgh'i; the

nunber aggregatilg on the end of the cage !Íere recorded. The cage lÍght
was turned. on and after one hou:: counts were ¡nad.e of the light attrac'bed

mosquitoes" By shaki:tg the câge the mosquitoes were disturbed and after

the second. hour another ccunt r¿as mad.e. The light was then moved. to the

o¡tposite end. of the cage where tr'ro more counis r+ere mad.e j¡r a sjmilar manner.
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The figures presented i:r the table shoir the daily response to

light over a 30 day period. (appendix I),

Resulgg

On the first day 62 percent r.re::e líghl. attraeled and. on the

second day /n7 "5 1ærcent. The nurnber of rnosquitoes attracted to 1íght

decreased with each sueceedi¡g day and on t,he eleventh day ?"1 percent

selected the brígh',, end (Figur e /) 
"

ÐurÍng the experi-ment the adr:-Lt population decreased from z5o to

180"

Conc1UpigllS

If our native mosquito species become less at'bracted to lighis as

they groiu eIder, as does þþg e_cÃyp!å, the Í¡terpretatÍon of light
trap sr.rrvey data n-ight require revision, The very short duration of
trpsal4srl lndicated by the light trap data suggest that or-rr natÍve

nosqui-toes are strongly attracted to lÍghts on]-y when the adults are

you¡lgo 0n the other hand., mortality is possibly inuch greater in

Northern areas and the deeU¡e jn numbers i¡dicated. by lÍght traps

may refl-ect some real reduction i:r popu_lation.
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Figure 4' Percentage of caged adult Aedes aeq}"pti At.braeted to

Light Over a 30 Day period
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CHAPTER, TV

COTOUR PEN,CEPTTON

l,arva 1 and Pupel Eg_a c!¿eas lq _0_a1_aUred_liebË

Those familiu" with the habits of mosquito l-arvae and. pupae will
recall one siimulus, that of negative phototaxis, as especially

characteristíc" Christophers (t960) in aescribÍng the larvae of Aedes

aeeypti notes their erbreme sensitiveness to light"

Ornardeen (1)57) obse:r¡ed that second and. third instar larvae of

AedeE aggflqti shov¡ed positive phototaxis but thÍs l¡as reversed. in fourth

instar larvae and i¡ the pupal stage" The rrrÍter extend.ed these studies

to j¡vestigatÍons of fourth i-nstar larvae and pupae of Agi.e_ç qQgmlir

Aedes spenceriir Acdcs qejqns and gul!Êelg j¡qrnÊlqrand their reaction

to coloured light,

I4ater_ialF. aUd _trÞthqds

I4cnochromatic i-ight fitters(l) consisted of 2rr of 2tt square glass

r'¡ith r,rave lengths ranging fron 4,05 mpto 7OO ma. An ul_tra viclet
fluorescent lamp r+as used. to obtaj¡. light reactions belor,¡ 405 nitlimícra,

In each tes-b 200 lan¡ae r+ere placed in a clear p€rspee troì.rgh 2rl

x 1¡0 by 28 long" A lamp to rvhich the fil-ters i¡Íere fitted was set up

at each end of the trough and a rheostat connected to each laiap perrnitted

Obtaj¡red froia Canadian Laboratory Supplíes, Ltd.. e 288 lij-Lliam Avenue,
Irtr5nnipeg,

I
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a selection of lfght j¡tensities (nigure 5) " The lacya1 reaction to

light at a r.¡ave length of 200 mßvas obtained by disprsing the larvae

in eonplete darhress for three mí¡rutes, The light intensity was then

j¡rcz'eased untiJ. 90 percent of the 1arvae were repelled as far as the

center of the trough, In thís fÍrst trial r,¡ith red lig.ht only one

lamp r,ras used, No light soì.rrce was provid.ed. at the other end of the

trough" The lor¡est intensity of red. light (ZOO n¡¡) effective for elÍcit5ng
a negative phototactic response und.er these conditions wa,s establisìred"

This standard red light remaj¡ed. at one end of the trough i¡ a1l subsequent

trials i,¡ith å.gie€ geg)rpti" By means of this rajrljffl_ stj-nul-us aIl the

larvae could be assembled at the opposíte end. of the trough" at the

larr¡al-concentrated. end.another lamp was placed to which various filters
uere fitted as required. By means of the rheostat the jntensity of

light at each trave length rvas gradual-1y jnereased until the larvae Ìrere

repelled beyond the center lj.ne tor¡ard the red l1ght, The wave lengths

tested. in this way included 405, e5o M5, /t75e 5OOe _-*, 6T0 m¡*,

fþs rni.ìnql intensities requÍred. to achieve this are presented in
table vrr" Experiroents ínvolving the other mosquito s1æcieso aedeg

speJneerlir Culiggla i¡or.naiq and Aeùe-is vexqns r^¡ere cond.ucted j¡r the

same marlnere

Pupae were subjected to coloured light in the ¡ïìânner descrÍbed for
the larr¡ae, Preli¡dnary eolour experinents r,¡ith larvae and pupae of

Aces åa,ryqq} r+ere conducted with redu orangee yelloi+u green and blue

perspex fíIters" In these ex¡ærirnents only one lamp was used and

no light source was provided at the other end of the trough,
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Rræ

The larvae and pupae react to short light rJaves at very Iow

intensities but are sensitive only to higher j¡tensities of longer r,rave

Lengths (l'igure ó), Violet light (lrof n4¡ at a llght intensity of 15

foot candles appoared to produce the same response as red light (ZOO rry*)

at 680 foot canòles (TabLe VII, .Agþs e_eevpti). Light ÌIaves of /+75-5Oo mß t

referred to by von Frisch (1950) as tsblue-greentÌrelicit a greater response

from nosqu:ito larvae and pupae than blue and violet" Ultraviolet caused

a phototactic response at 1-2 foot candles with larvae and 3-4 foot

candles uith pupae,

hrpae of a1l species under investigation r,¡ere less sensitive than

larr¡ae to visual stínuli (taUte VIT) wlth the exception of preli:n-inary

experiments r,¡ith Aed.gs -a.ggreüå, In these experiments pupae were more

sensitlve than larvae to coloured light and higher light intensities

were required to give a phototac'bie response r,¡ith the perspex filters
(figure ?) " However, referrS-ng to the method aboveo a &ifferent

procedure had been adopted with the perspex filters. This may in part

account for the reversal Ín the pupal reactions as shor,nr 5n figure ó

and figure 7"

Conçlusigae

lbsquÍto larvae and. pupae are sensitive to ultraviolet light" This

r,¡as demonstrated by their negative phototactic response" Tn the visible

spectrum (¿IOO-ZOO ro¡r) larvae and. püpae are more sensitive to violetn

blue and. green lÍght" Red light (zoo m¡r) ås only d.etected. at relativery
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Figure 6, CoLoured. Light Responses of Aedes -s.egypt¿,

Mi:rjsal tight }:tensities Required 1o Repel the

La::vae and Putrne"
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TÅBLE VTT

Tm REACTION 0F PUPAE Al{D FOIJRTH Ii{STAr, LARVT1E T0

MoNærßCIrd¿rrc r,rcnr 
(1)

Colour liãve
Length A" aeEyj!,å
ut mV" Iar* pìÌpa

Lisht

ÏrÍosqutto Specles
4" spqeeqËJ-i I' i¿sxgate A" ve4iug!
Laru pupa le,r" Pìrtrn Lar. PuPa
Ini;ensity i:r Foot CandJ.es

Red

Orange

Green

Blue-
Green

29a

160

110

55

20

Blue

Violet

Ultra-
r,'io1et

larnp

(t)rrU*us 
presentecl i¡ the table are nd-ni-rnal- ligh! intensitie-s.requ,ired

to"proAuðe a negative phototactic response at-the given lig'ht j:itensities"

700

670

650

620

6B0 680

500 620

troo 56o

250 /r80

5LO 510

lao 450

300 380

250 290

180 220

tlço L65

80 110

l+5 /+o

10 20

l+00 /000

32o 360

28a 34O

250 290

160 275

L5O 2lrO

90 180

60 160

1ó 20

520

380

29o

2/',O

180

t2-o

75

50

25

/,,5

30

30

520

460

/+oo

3lo

2æ

220

160

Utn

3A

100

55

35

595 r50

55A 80

525 25

500 t5

¿r75 10

/+/+5 20

425 25

405 t5

Ultra-v
fl-uorescent

25

30

)q,

3

/+O

20

15

t.

30

25

25

t

5a 98

/,2 76

18 zCI

2
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Figure ?, Prelimi¡ary Experimen-bs r^rÍth .Aedç.s ÂegÏl*i.

l4i¡rimal Intensities of C.oloured Light Requ5recì to

Repel the Larvae and Fupae,
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high light in'censities (680 foo',, cand^1-es) * Larr¡ae are more sens:ì f,jyç

to ftb1ue-greenrr light than to blue and víolat, Ttris effect is itisplayed

better in the tab'l e thai: i¡r the graph"

In tes'bs r,¡ith chronatic filiers, pìrpae r.¡ere less sensitive 'Lo light
than l-arvae, but in prelÍminary experimen-bs r,ritÌr persllex filters, this

comparison r.ras reversed.n Tìrj-s nay be due to one or tr,¡o reasonsS

(f) pupal reactions n,ay change r+itir age as occur:s j:r la-i.vae (omardeen,

1957)u Q) the d.ifferent expe:cimen-r,al procedirre and critez'ia of response

in the tr,¡o series of experiment,s may involve dj-f.ferent 'behaviour patternse
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ÁDTII,T !ÐSQUrro REACTTON T0 CoI.OURED IIGHT

l:atg-ocìqgl1gÊ

In 1910 a fa¡rous opthalmologistu Professor C. von liess ilvestigated

the colour sense of fishes, insects and other lor,ler aninål-." He tested

then r,¡hile they l^¡ere i¡ the positÍve phototactic condition (attracted

to light) and founcl that in a light spectrur the ani-ma1s always col-l-ected

in the green and yellol.I-green reglon. This is the brightest part of

the spectrum for the colour-blind hunan eye, Therefore von Hess

asserteci, fishes and invertebrates and. j¡ particu-1ar insects are totally

eol-otrr-b1ind (von Frisch, 1950).

.4. colour-bUJid person, for e>rample, ean d-istinguish betr.¡een a

red ancl blue surface because tlrey reflect different degrees of líght

and appear as shades of greyo Von Hess (fçfO) dicl not investigate

l¡hether his aniïxals respond.ed. to a colour sense or to light intensity.

Von Fråsch, howeveru r,lorking on the colour sense j:¡ bees compared

dÍfferent coloured cards to a series of grey cards, The reflectance

of red, orange, yellouo greene blue and u-ltraviolet r"¡ere coripared

to an equivalent reflectance j¡ greyê Or the basis of bee behaviour

he concluded that bees could distinguish at least four eolourse

yelloli, blue-green, blue and ultraviolet.

The colour sense of field nosquitoes ltas investigated by the

vn'iter, and light r.¡as used as the attractant" Experiurentr,s r,rere

d.esigned to deterr¡rÍne t,'hether mosquitoes responded to different r,¡ave

lengths of light or to lfght Sntensity,
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lbtþod

Ner,¡ Jersey light traps were used for the eolour extrærinents and

fitted r.¡ith r¿hite and eoloured 25 wa]c.' bulbsl. Red.u ye11ow2, orangee

g"een and blue lamps r^rere selected.. By means of rheostats the light
Sntensity (outzut) per bulb r¡as standardized at 100 foot candles.

With light j¡rtensity for all bulbs bei:rg equale the only apparent

variable to uhich the mosquitoes were subjected, Iras light wave length.

A. 6 x 6 lati¡ squåre experi:nental desígn was used. The light bulbs

were rotated from trap to trap to elj-:nÍnate the lttrap locationl¡ effects,

The records for three nights are presen'i;ed in table VITI and the

treat¡:ent means were compared by Keuf-ls nrethodu

Resul-tq

collectÍons from bl-ue and green lamps r,¡ere sjmílar, but captr:res

from either one were higher than fronr other colours. Traps with recl,

yelloi,i and orange lanps captured. ver¡r fstr mosquitoes" The yelloli

lamp (insect repellent) was found to be more attractive than red or

orange lanps (tatle VrIl).

qo4sJ@_ 
-oI

l&squitoes t'¡ere able to distÍnguish at least tr+o colourrs; blue

and red" The reaction to white light ÏIas a combined response to red

and bl-ue" The blue lÍght consistently attracted hÍgher nl¡¡rbers than

l,,lest5nghouse ElectrÍe Company Ltc1"

2,,Bug-Àroayrr lamp
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TABIE VTJ:T

AD-titT Ì"Í0S0JIT0 ATTBÀCTIo¡I T0 COLOITRID AI\TD I,.irrITE TIGHT AT

EQUAT LTG}TI TNTENSTT]TÌS

Blue Green White Yellorr Orange Red
Date

Number of Mosquitoes Coll.ected per Trap

Ju:re 20 16/r I5Z t+6 29 2/+ 16

23 r30 a6 3s 27 L6 10

27 98 118 36 18 10 g

30 t72 t5r 59 33 27 18

Jtùy t, U9 ]:68 5I az zz U
7 Æ rc6 2l _2o ^?å _-LÊ

Total 86t, 84L 251 JJ,z lzln S5

/Í- trutrs-
for¡ration of
Trap eounts 71,69 7O"7 39,1 2g,g 26"9 ZZ,3

Treatnent
ttean r¡T/6 11"95 rl,¿r5 6,52x /+,g7 lo.LB 3,?zx+

Grouping of
LÍke Mieans 11"20v.x 6.52x Lûge

x-x Significant at the l/" ]-:eve]-

')+ Sign5ficant at t]ne 5% level
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white light, The effieiency of the New Jerse]'Light Traps could be

j-ncreased by using blue lanips instead of the stand-ard r+hite lamp,

This is provided that the blue lanp emits i-ight at the same i¡tensity

as the i+hite lamp,
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ADüJ,Î I"TOSQUTTO REÂCT]ON TO I^IHITU LTGHT AT DIFÍ'ERENT

TIGHÎ ITVTF}ISIT]ES

Ibsquitoes coümon to northern regions find shelter' from the sun

i:l d.ifferent types of vegetation. They become active durilg the

even5:ig and- on lrarm days l+hen the sunts rays are hid.den by cIor"rds" ffi

the laboratory they are repelled by i:rtense light but are attracted

to lot¡ light intensj-tj-es"

lethod

Icvestigations l^Iere concerned wÍth the reaction to j-ncreasecl

light intensities in the New Jer-sey l"iosquito light Trap, l^Ihite frosted.

filament type br:J-bst 25t 60, 100 and. 150 watt r,¡ere used Ín the tests

and the trap hoods i:aísed three inches to pernrit fuJ-l vier.¡ of the

lamps" Each lamp r+as set at an equal height from the ground. A lv x L,

latin sguare experJmental d.esign r,¡as used and the lanps r,¡ere rotated.

from trap to trap to avoid. trtrap position effects¡r. The figules jn

t'he table represent a tl¡o night collection ancl Keul-ls nethod of comparing

treatment means was used jn the analysis"

Resjü.ts

The light trap collections j¡creased directly with the light
5:rtensity jn foot candles (fable ü), The l5O watt Iarnp, bei:ig 2,8

times brighter than the 25 watl' Iamp, collected. 2.5 tirnes as man)¡

mosquitoes" The trap location differences uere not signifj-cant at the

J/, leve]-" The d.ata are not j:rcluded but when 2J watt lamps r.rere used.

it i.¡as observed that the lÍght traps r'rere more effective i,rhen the trap

hoods were raised than when they rvere lor¡ered"
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T.ABTE TX

aÐutT lrosguITo ATTa"AcTroN T0 I,JHITE trclil ÂT DIFFHP,ENT

ITGT{T TITE}TSTT]ES

I'fattage 25 60 100 150

light Intensiiy
(Foot Candles) 2000 36A0 5200 5600

Collection Ðate Nu¡rber of lbsquitoes Captured per Trap

I{ay }O, 796A

June 1, 1960

June ju 1960

June 5, 1960

Total

fT Transformation

Treatment Means

tTlt,

t6

26

10

22

74

f5"g

L'22

32

55

L5

u:
2\5

27 
"¿þ

6"85

/+8

B1

T7

w
292

32.1

8"o2

ot

93

26

æ
1163

/+4.O5

10.10{'

* $ignificani at the 5% level
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9ellcJuq¿eeg

The efficiency of the New Jersey I'fosquito light traps was

j:rcreased by¡ (1) usilg an increased light soì.¡rcee (2) ratsing the

trap hoods to allot¡ ful1 view of the lamp.
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MosQUtTo nEsp0lisE T0 BLACI{-L]GIII

l¡rtåoduc_lioq

Although extensive studies have beeir made to Índicate the

response of i¡sects to light jnteirsitiesu lncluding uJ-traviolet;

li-btIe j¡rforr¡ation is available concevning the reaction of j¡sects

to black-light r,rj-th wave lengths jn the range 300-400 mi1li-r:nicrons"

Frost (19fi) investigated the nu¡nber of jnsect farnil-ies attracted

to fluorescent light conpared to white filament type lamps,

Ultfeviqlg!_os _Blqck-liqhb ¡b squito Tra

trYost (L953) compared a 2 watt; black-Iight lamp to a ? ancl a

15 l¡att white filanen'i; 1amp, He foi;¡rd black-light to be more atiractive

than wirite to ntulerous j:rsect fanilies, but the white bulb attracted

more mosqrlj-toes,

T-nvestigations carried. out by the rorriter l^rere concerned. with

the attraction of northern mosquitoes to black-lÍght"

Me;tlqd-¡ 4SL-¡4a tg r ial

The lrlew Jersey light Trap was used. but the siandard 25 r,ratt

filament type larnp vras replaced by a 15 l¡a'bt fluorescent blacic*light

(rf tnfe¡ (1) (nigure I ) " Ti,¡o black-J-ight traps idere co¡lsiruci;ed. j¡¡

this way and. compa::ed to Standaz'd ltlew Jersey Traps at 0alc Blrrff and

Ki.'ldonan Park. These traps s'bood 10 feei apart and r+ere operated froin

July 10th to Sepieirber lrd, 1959" The lighbs uere turned on by a tiine

EËr*tul Electric Co,e Ltdê



/r/r

Figure B" TJltraviolet or Black'-light Trap





¿þ5

cloclc at ? p"m" and off at' 7 a"m. Collections were mad-e se¡ni-r+eelt1y"

The da+,a presented 5:r Figure 18 represent egual ti¡re i-ntervalsu

Re¡ulËs

The ultraviolet trap eolÌected þJ tirnes more mosqu.-Í-toes than the

S'i;andard Net¿ Jerse]¡ Trap (Figu-re 9),

Asrqlqs¿e4

Due to the higher catches obiained from the ul.travio]et light traps

these traps r¡ou-1d be usefuL in recovering tagged. aduLt mosquÍtoes. The

ultraviolet lÍght trap r.ras for:nd to perform relatively well 5n highly

¡lcompetitiveft areas, iue., where traps i¡tere suruounded by distrac'bing

city or fa:"n ligh'bs,



116

Figure P. Ultraviolet

Those iaken

Iight Traps,

or Black-lÍght trap Catches Compared to

i¡ the Standard Ner^¡ Jersey Ii:candescent
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CH¡,TTM, V

¡4OSQUITo ,SFECISS TATGN lN TIIE cREi.Tm, -l,JIt{IITpEc 
AREA

1959 ÂND 1960

C"l..aÊËåf¿qq!¿qn aad Selalive Abundanqe

A lcßoiùledge of mosquito speeies is of taxonomic and. p,rac-bÍcal

Smportance" species information is neeessary to evarirate: (r) üre

l-evel of migration and¡ (Z) tfre abundance of disease vectors jn an

a'-eaø From the sband.point of rnosquÍto atatement, con'brol- methods

are deterrnined by blood appetite, oviposition preferences and longevity

of the adult female, The data coneezning Cu-liseta Ínorreatg and. et¿.1_-eX

t-ËgQ]a$, presented later, íllustrate the significanee of identification,

Ðuring 1960 larvae rÀrere collec{;ed from breedÍng areas fn and

around l'trinnípeg" A najor part of the collection r.¡as made duri:rg the

larval and pupal survey conduc'bed- on these areaso trn order to obtajn

a random sample, 200 larvae l,Iere talcen from each breedi:rg area r^¡henever

possibl-e,

Adult mosquftoes lÍere collect;ed jn Standard Ner¿ Je:'sey l,losquito

light traps. Three traps were operated troutsÍderl(1) 
"rrA 

five nj¡side¡t

the distrie'U borurdaries dur5ng J960.

RqCUlts and Discussion

collections of la:r'vae consisted of r/+ species (ta1:te xt) 
"

Gf,ilr"rue the area controlled by the Greater -r,,ii:rnipeg rrúrsquito
Abatement Disi;rict (OlUaO) 

"
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Colleci;ions of adul.ts consj-sied of 25 species" All major specÍes occu.r'recl

in bobh las'val and adult collections, Througirou-b 19ó0c gr¡f_i.qçla ipçrnata

occurred consÍs'Lently Ín larger nurtbers, In l4ay and June, ihis species

uas repr"esen-bed only by females r'¡hich had o.¡en¿i:rtered., T&les of this

species we:'o fo'rrnd. on JuJy 7" This i¡clicated that a nei.i generation

had begun" &q.dce ve_Eêlq v¡as the nrost abundant s-¡æcies in the lar.val

collections but represented a lol¡er percen'bage of the adult col-lection

(tatrle X). The reason for this l¡as that b::eed.ing areas dried up before

the larvae reached maturS.ty. I6s-b of the larval collections r^rere made

therefore during lrey and. Jurro, and the figures presented j¡ the tables

record. larvaI, ad.ult and ili¡iiing¡l collectíons from l,4ay 2 to July 18,

Agdeg v.eqq4g made u-p a larger par"t of the adult coLlectÍon dr:ring the

l-atter part of J'o1y (not shor,rn in the tables) 
"

Aedes dorsal:Lg made up a large part of the larval coll_ectfons

bu'., occurued in very 1o1'¡ m¡nbers jn -uhe adul-t collectÍon (taule x).
This species favouved. breeding locations nigrr 5n organic natier an<l

r+ere found at the Sugar Beet Fac'bory and the Union Stoclryards" The

adults appear"to be less a'btraeted to light than other species,

c.ursg tars,al=L:, ¿¡¡ imFortant vector of encephalomyeliiis i"ras not

found in large numbers. Tt represented 0"9 percent of the adult

colLection and no l-arvae r.¡ere fcund." This means that the winnipeg

area is rel-a-,,ívely free from virus carriers of this s1æcies"

rn the biting collectÍons, cutise_þg inpgaqta was not recoz'ded j¡r

spite of its large numbers taken i¡ the adult trap collectionso
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Barr (1958) reprts that guliqelg å¡qrqale may bite hu¡uans jr early

spring but is relue'bant to bite later in the suilnrero

Figures presented j¡ Table XI shor¡ the relative abundance of

nosquito species taken frorn outside and inside collections. Those

species occury5-ng in large numbers outside the distric'b were also

represen-t,ed jn high numbers i¡l j¡rside catches" If there was an j:rf}:rc

of adults from outside areas, 1t r+as only sl ight.
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PART B - þÍOSSUITO COIüTROL

CI]AP]ER VI

I4OSQUTT0 OONTROL OPffiåTIONS 0F TIIE frHEArm, !.llNNIrEG I'4OSQUITO

ABATEI"IE].{T DÏSTRTCT

Pre_:åea gEr Apnl ic_at Í_ons__qf DÐ['

Pre-seasonal control of mosquitoes wÍth oils began erperSmen'Lal1y

i¡ the l,lfnripeg area i¡ the year I9lþ7, Tiris consj-sts of a r¡j¡ter

spraying program designed to lrevent the hatching of eggs or to kil-l

the larvae as they hatched ín the spring, Currently the Greater ltrSrrnipeg

l,bsquito Abatement District uses air and gror:nd sprays betr,¡een seasons

over an area of 225 square mil-es,

Pre-seasonal control started. in earnest in 1955 t'.]nen 150 acres

were sprayed iuith DDT granules from a truclc, fn 1956-57 the area

covered, from the air r.ras ó1100 acreso ln f958-59¡ pre-season operations

on the ground and in the ajr covered. more than 181000 aeres (laUle fIï) 
"

Tobacco stem granules impregnated wítln l5f" DDT r,¡ere used jn 1955,

but r.¡hen tobacco stems i,iere no longer available the District turned to

ver¡uieulite" Vermiculite 5-mpregnated. r,¡ith I5l, ÐDT proved as effectÍve

as DDT in tobacco stenr base (or carrier). Ve::miculite granules

Smpregnated v¡ith 3Ø' OW r^¡ere used experimentally in ]-)57 " Due to the

greater payload- jn the aerial o¡rerationsrthe cost per acre to the Ðistrict

r^¡as eonsLcl.erably reduced. The survey concluctecl by Snitli (f959) shor+ecl.

tirat the pre-season applieatj-ons of 3Úp ÐDT j:r verrnicuf-ite controlled

breeding of la:"vae throughout, one entire seasono The granules l,¡ere
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Tå3TE XTÏ

PRE-SEÄSO}] åCREÄCJBS TRE.ITEÐ BY THE GaEATER I"¡TMíITEG ]VÍOSQÜTT0

ABATEI"EN'Î DTSTRTCT

Year Aircraft Application
3ffi nW }npregnatecl

Granules

Tru-elc #pxay I5/"
DÐ[ in I{o" 2

Fuel 0i3

Totel
Acreage

1960

]-959

1958

1957

1956

r955

8s536

ro1856

13r9t7

6e\r7

56/o

0

4'639

7 e6gg

3er6o

Ie 8:_1

1e327

'150

13sI75

tgr555

17 rA77

7 1928

tu @t

]-50
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depsited" at the rate of 1.1 lbs" of acÌ;ive fngredÍent per acreo A

s5rgle-engÍned Piper cub was used for aerial applÍcations and DDT

granliles were effectívely sp"ead over bushland areas inaccessable to

ground driven equiprnent, Roadside ditches and accessible 1o¡n¡ lyj:rg
areas r..¡ere controll-ed. r+Íth 'cr.u-ck moun,cecj ae:r'o-äús,rj(l-) tl-oruu::s u-sÍ:rg

L57; DD! ín oil at a rate of 1"1. lbs. of DDT per a.cre (Figure 10u A),

Sulmpg$prqlli{*i.Tr-goå.F1o_q$*1,,þt9gp-Sncl&riap..ogtç

The largest part of the sumrner operertion l¡as dorre by sur..face crer^rs

and- aero-mÍst blorvers, Surface erekrs operated po::tab']e coraljressed air
sprayers to appl-y I,V" ÐÐ! and "25/" 

pyr.ethrin in v¡ater (table xrrr) 
"

No. 2 fuel- oil rn¡as used experinenjcaL]ry jnstead- of uater j¡ 1960 anrl

appeared to provide a longer period of eontrol. o:namental pools,

ra,j¡r barrels and- sniall- perrnanerrt pools r,¡ere controlLed- r,¡ri:h ÐÐT and

Ii¡rclane l:ombs" tr^lhere insecticicle cou-1cl not be used., Top lfrnnolrs

GgÈpSæ g[{åq¿Ë were placed. Ín the ivater (rable XIIT).

Road-side ditches and seni-ï:eirnaneni pools accessible to truck*

o1ærated bl-oirers r,¡ere contr.olled r^tiLh fi. DDT in .r¡ater (Figui:e 1J-). Due

to susceptibilit¡' of trees anci shru-bs to i¡seciicicle during the surnmer,

the ÐD[' percentage was decreased to 6 and. later ïo 5ï( in wa,,:,er" River

and rain-f-l,ooded alreãs r,¡ere controllecl 5-:: sprÍng anci. su:irmer by aerial
sprays of 5t DDT jn water" An area of P' OZO aeres uas treateci in ilg56s

3588 acyes tn L957 anð.21357 acres in lg60"

hurbine triquid Atomízey
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Figure 10" Pre-season Operation.s for larval Controlc

A* $rltero-1"ästEî b,Icr"¡e:: - Liqufd applications of DDT

B" ÂircrafÈ-. applications - DDT irnpregnated grantües

Summer AduLt Coni;roJ 0perations:

C, Vegetation tlBarrier Spraylt

D* Roadside Fogging
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Figure 11, T¡-season Larval Control Operations

.4" tl.A.ero-l'list¡1 blor¡e::

B, Por'ce.J:le conpressed-air sprayers

C. å.irplane spraying operations

Du Control of catch basin breeC.Íng
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The Greater Wianipeg l&sqlri-to Abatement District r"¡as not resnonsible

for drai:rage work. Horniever, v¡hen such work r,¡as neglected b5' the losal

authorÍtiesr ground- crer.rs opened d.itches, culverts and drai¡ed 1ow lyjng
areaso

SBg.e. I'oee +tå _0p€ ra t Lolls

Fogging o¡æra'Lions were conducted by the Greater. llirrnipeg ¡&esquÍto

Abatement District to destroy aCLult rnosquitoes j¡ residential areas,

parks and ptaygrounds (Flgure 12) " Foggir:g in parks was done d,uri-:og

the day but residential areas r^¡ere treated at night. The night crer,r

began at 11. ?,M" ancl ended at I A"þf" Traffic on the city streets

durfug these hours, l¡as at a mi¡jn¡r" The entire district r"¡as covered

in 10-11 days after r^¡hich the operatÍon r,¡as repeated if necessary" The

equiprnent and j:rsectieides used for fogging are trtresented in Table XfV).

rn r959e fogging of parks and residential areas began on Jr:ne lB
and end_ed August 19"

rn 1960e due to eomplaints of mosquito annoyance early in the

seasone fogging of parks began T{ry 3O and jrr residentÍal areas on June ó"
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Figure 12" .AduJ-t Fogging Operations

.4., Portable njSrving Fogss¡ operated in c_,1t5, parks

B. nHarr5, tuf¡, Fogging of tree a::eas on the banlcs

of the Bed River

C. 3'og deJ.ivered by tz.uck-nounted r¡Tifas¡ foggerS

¡¡iet¿ ís of the granC,stand at ilre Ìî5:r_nipeg Stadium

Dn swing Fogs used in areas inaccessable to vehicres
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Precjgllatio$ i-4_!he__lQreater ÌiipnirreF Ar_ea- ]959_ _and 1910

Ðue to the fLat terrai:r and heavy soiJ. in and around Trlinnipeg,

drainage from low lyj-ng areas is poor" ?errlanent ancl se¡ri-perrnanent

raj¡ and flood pools are ideal places for mosquitoes to breed. Heavy

precipitation during the sunuer fills many of the lol'r lyjng areas and-

this results j¡ higher mosquito populations" Headlee (lg+l) states that

there is no doubt that species of rnosquitoes show greater sì.tccess d.uring

seasons of heavy and r+ell distributed rainfall, because that type of

rainfall not only ereates an enormous jncrease i¡l number and size of

pools but maintaj¡rs them over a period. of suJfÍcient length to permit

the completion of brood developnents.

Precipitation (neasured in j¡ehes of water) dwÍng the r^rj-¡:ter of

1958-59 was two j¡ches above norrnal" After the spring thar,r all pernanent

and- semi-permanent pools r,¡ere filled with l¡ater, h l{ale nore than

fj.ve j-nehes llere added to the already superflu"ous moísture and precipita-

tion continued above normal each succeed.Íng month to September (¡'igure 13),

lvbsquito breeding i¡ non-treated a?eas was abundant throughout the sunmer"

Precipitation duri¡g the l'¡inter of 1959-60 r.¡as 1"5 i¡ches belor^¡

normal" T¡ contrast to the previolls )¡ear, rai¡fa1l recorded during thSr

uas very slight and renaj¡red below norrnal_ for June" The month of July

uas a record month for Iow precipitatíon and breeding areas largely

disappearea (Figure 1{ln Fnsquito populations durÍng June ancl July r,iere

lou¡ in Winnipeg and- the suroundi¡g areass
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Fågure l-3. Temperature and frecipftation 1959
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Seasonal tempera-bures play ¿¡¡ important part 5:r rnoso,uito breedÍng

and devel-otrNtent, l,oll ternperatwes d.ecrease the nu¡nber of eggs hatching

and slor,¡ dowr the d.evelopment of larvae and pupae i,¡hile higher tempera-

tures jncrease the rate of hatchi-ng and. developnent" For this reason

la::ge flights of mosquitoes never occurred i¡ the Winn5-peg area l¡íth

persisting 1or,¡ ternpera'r,ures in spÍ'be of heavy precipÍtatíon, A

precipÍtation peak, folloi,red by high tempera'bures, usually results 5n

a large flight of mosquitoes in areas around T.^Iinnipeg"

fu A959 the proper conditions of tempera-r,ure and precipitati on

existed. early i:r the season and a major pealc of mosquito flight ',ias

reached on June 15 (Figme I3\, This r'Ias more than a month earl-ter

tlran seasonal peatrrs in 1957 and 1958 (Smittr, 1959) "

fn 1960 temperatrres were above normal during ltfay, June and JuJ.y

(f'Ígìr:e t/u), This, togebher r,rith 1or,¡ precipitation, caused breed.ing

areas to dry up before the larvae maturedn As a result no major fIíght

of mosquitoes was recorded. during June or July as had occurred. in previou-s

yearsø
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Figure 1{." Tenperature anä FrecipitatÍon }9ó0
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CIIAPTER VÏT

ADUTT POPUTATTON SI]RVEY

Netu Jersev Lísht Tran Catches

ln order to obi;ain a 'brue pictu.re of the mosquito popuJ-at,ionu it
l,ras necessary to have some means of measuring the cross section of an

al'ea' Firstly, such measu-renients could be mad,e by cori:rting the lrbltijlgtÈ

or rrlandj¡rgt¡ rates on hu¡an hosts, Data obtained" j-¡r this r+a5r i,,iould give

a tru.e estimate of the troublesome mosquitoes i:r a particu!-ar locatjon"

Horcever, if human l¡osts r+er.e to be used for a large sur:vey area, there

uere several disadvantages: (1) a certain nu¡iber of hu¡an hosts r.¡ere

requír:ed, (2) sorae humans l^Iere attacked rrora r€¿rdil;r than others" A

second ri'rethod of sarupling a mosqui-to popr:lation ruas by mechanícal trapping"

Collections of ti:is orrler conl;aj::.ed- a high pereentage of adults i,¡hich

d.io not attack humans (c.ul_igtg å4erge-lge chapi;er v). on the other. hand,

trap eollecting had. certain ad'¡antagess (1) traps couid be starrdardized

to give an u-nbiased. record- (e) fiefrt tz.a.ps r.rere particularly effective
j:r the evening 1+hen moso,uito actÍvity l,ras at its tlpeakn, For.these reasons

light traps r,¡ere used for the adrü_t mosquito surveyô

$e'Lhod and EouÍrrnent
%

The type of light trap used in this sun'ey ioras the stanclar.d New

Jersey tieht Trap (Figui:e 15) " They lIere sllpporteci on tripods so that
they hung approxi-nate'l;r four feet fy.om the grounci. The traps ruere

eonnected to electrÍc timers i,¡hich automatieally turned the pol,rer. on at
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Flgure 15" Standard. New iersey Þloso,uito tright Trap
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7 p,m, and off at' 7 a"m" the next morning" The eatche,s lrere collected

tt¡j-ce weelcly, sorted as to sex and. cou:rted_.

In !959 five ligh'u traps were oTrerated. j-nside and. th::ee ouiside

the Greater Ì,Iiruripeg l4osquito Abatement Dis-,,rici (G.1,I.lniu-A."D*) bour:dar5-es"

The rîj¡sidert traps r+ere located at Kild.onan Golf Course, ',rlindsor Golf

Courseu Àssj¡iboine Park, the IJniversity of Manitoba and the Goverruuen'i:

G¡:eenhouse near the legisla',,ive BuildÍngsu The rloutsidell traps were

located at Oak Bluff, r,¡est of the city, Lílyfield, north of the city
and Navj¡r schoolu east of the city (Figure 16i, The light traps r,rere

operated fron Føy l/e to .September 3 in lg5g.

trr 19ó0 the 1íght traps i.rere returl:ed to the same locations with

the exception of Navi¡ School, .A¡ aclditional trap \,ras operated tBj-nsidere

and. l.¡as located jn St. Vital north of the St" Boniface Sanitoriuro. Tire

light trap data presented i¡ the graph covers the period from rray Z f,o

JuJ.y 18 i.rl 1960"

the locations of the traps r^rere selected to provide si¡nilar

conditions of environ¡nent, and to give the best possible coverage of the

Winnipeg areao

Resulls

fn I959t due to excessive moisture and high temperatures d.urÍ-ng

l4ay and June, mosquito flight activity j¡creased rapidly (¡'isure 1?)*

The rnajor tr:peakn of mosquito flight was reached on Jurre 15e one mon,ch

earlier than the tr.+o previotls years" l"fajor flight rrpeaksn occu:.red on

July 12, 7957 and &ily 220 L958" Three snaller peaks occurued on

larre ZJu Jtf,y 27, and.August 27e L959" The mosquito flight peaks follor¡ed

peaks of precipitation by approxìrnafsly two weeks. 0n Jrxre 15, light
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Figure 1ó. læcations of the New Jerse)¡ Light Traps lgjg - ]:960
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figure 17" Neu Jersey i{osquito Light Trap Co3.lectíons 1959
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traps inside the city averaged 700 females per night t^¡hile oui;side traps

averaged 2eOO0 females per night (Appendjx II and III).

ln I960t due to ex'i,remely lol precipi'r,ation and. relatively high

temperaturese mosqrlito populations l¡ere loi¿ throughout the season (Figure 18),

tro contrast with light trap data from previous yearse no major f1íght

trpç¿kn tlas record.ed durjng June or Ju1y, The average female col-lection

inside the district was 24"/+ WT night r,¡híle outside traps collected aa

average of 60"5 per n5-ght (Appendix fV and V) "
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Figure 18, Ner,¡ Jersey lbsquito Light Trap Collections 1960
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CHAPTEA, VTTI

TARVAT CONTTìOL BY FFEDACEOUS ]'f,}]]üO'LüS

History of tþe .Top Minnow, @þg+þ gttj&Ls j:i r¡l-i¡ni€?g

Due to its abilíty to adapt itself to various climatic conditions

this mi¡nor¡ has been used j¡r numerou.s areas to prey on mosquito larvae,

tn 1957 fifty mj.:nnot^¡s lrere placed in a pond d n:iles west of the University

to determine l+hether they were sufficiently cold ha:.dy to survive local
r,¡i¡rters" I¡r the spriag of 1958r fifty minno¡¿s ruere released. irr a pond

jusb soubh of the University i:r Kingrs Park" Rapid j¡erease occurred.

during the suuuer and by the fa]I over 2OOO ninnor,¡s j¡rhabited the pond"

ït: May r959t 30 ¡r:innor,¡s were released ùr the duclc pond and 25 j¡ the

deer pond at the Assj:ribojrre Park. In previous years mosquito breed.Íng

v¡as for¡:d here most of the sumner but during the I95g season, although

no insecticide had been used, no larvae r^rere found"

Cold Hardiness

It l¡as firs-b presumed that Gambusj-a affi¡ris could not sru'vive the

lutranitoba r,¡inters. Out of fifty mj-Tmorr¡s released. in a pond in getober

1957, not one r,¡as found the following spring" Another attempt was made

Írl lfay 1958 r¡hen fifty ¡ai¡nor¡s r+ere released in a large pond¡ d0 r x 8e r

by 5u d.eep in Ki:ogts Park" No mi¡rnows were found. r,¡hen the pond was

inspected during February A959" Repeated. visits j:i the spri:rg resulted
j¡ the d.Íscovery of ten Gamþursia affjnås on tfay 23s L959" This r¿as the

first time that GgEþU€¿q ejifini-q had overwj-ntered fn this latitude" Not
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long aften+a:'ds nþsquito control authorj-'r,ies at 1'{5-nneapulis, I'Li:inesota

(eOO mites south of l,Iinnipeg) reported Ga4hgglS affj.:ris had su-rvived jn

four ponds during the 1958-19fÇ winter"

around. llinnipeg. Âpprox!-rnaüely 35O m-innorn¡s l.Iere removecl r+ith a ni¡nor,r

seine (l'ieure 19) from Ki.ngts ?ark pond. and distributed in the follouing

locatíons: 100 at Oak Bluff, 12 ¡ni-les i¿est of I'Ji:rnípeg; 9f in tr.ro ponds

near Stony l4ountai:ro 12 rniles north of lrtinnipeg 72 at Lilyfiela, 6 miJ-es

north of the city anrl 120 j:r a pond- /¡ miles r,¡est of tire Universiiy

(Figure 20), Approximately 1000 r,¡ere left to overr"¡inter in the Ki-ngrs

Park pond."

0n Ju¡e 3, 1960, CgIiþt¿Êig affi¡Ele r+ere found- in ponC,s at ifingts

Park and S-bon}' Ibu¡rtaj¡r.

csse*.ios

The top mi¡now Gembusia alfi+is r,¡as founcl to survíve tr.+o r'¡Ínters

orit of doors i¡ luiranitoba" They have been useful in control]i:rg larvae

5-n nan¡r private ancl publ5.c ponds arou:rd- I,i5lnipeg but since such a srnall

percentage of the population survive the ivinter they r,rere not practical

for a large mosqu-ito control- program i:r lrJ5:rnineg.
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Figr:re 19, Lars¡al Control by ?redaceous Minno',¡s

A." lop lrlinnows¡ GqnÞUg-ia alfinig

B, ?lacíng Top l{innows in Ornamental Ponds

C" Kingss ?ark Pond: FÍshíng for Top }tinnor¡s

D. Comnon Sights around. Ïirban Homes
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Figure 20" Iocations and nuabe:. of Gg¡iþì¿s¿A affin_is

Distributed around TrJi:rnipeg, Falt of 1959
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CHÀFTB. ]X

I'{OSQUIT 0 D TSPmSiOt[ 3 DDT BÅP,P,IER c II'TSEC TTC ]DE RESLSTA]ICE TESTS

Unsquito Dispersion ]-959 and 19ó0

Ïrrvestigations on mosquito dispersj-on have been u¡cler the direction

of Ðr" l'I. Hanec, Ðepartrnent of Entomology. Taggecl mosquitoes have been

rel-easecl in an area north of l¡ii¡nipeg i:r seasons rg59 anð. 1960. Larvae

jn the third and fourth j:rs'bar were treated r^¡ith radio-active phosphorus

(t32J and radiation counts per l-arvae up to 2oe00o counts per mÍnu.te

lüere recorded r+ith no apparent harm to the larvae, Adults emergecì with

15e000 to 181000 counts per minute"

In lat59 only one treatment was made" Tr¡elve New Jersey tight
traps were placed around the release area to recapture the taggecl adults

but no tagged specimens rorere iaken that seasonø

ü¡ 1960 larger nu¡nbers r.rere tagged ancl two releases mad.e, For the

fÍrst release in l"Tay, 200-300e000 la¡vae were treated., Five weeks later
another release r+as macle il '.+hich 1O0r00O larvae r.¡ere treated" TI¡elve

til-travj-olet light traps l¡es'e used to recapture the adults. These r.rere

placed r,¡íthi¡ a radius of 6 mil-es fron the release area. tne tagged

adul"t was capturecl four r,reeks after the first release shor,ri:rg 2ooo

counts per m5.:nute. A.pprox5mately 3 weeks after ihe second- releaseu

anotlrer tagged adr-rl-t l,;as captured shoi.rj-ng Z5TOOO counts per m5nute"

The tagged speeÍ-mens wet"e taken at one and two miles respectively from

the release point,
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Due to the lor+ raj-nfal.l in I96Oe Larvae were not forind i¡ srdfÍeient

nrurbers to cond-uct further releases" At time of i"¡riting this repori the

r,¡orJc r+as still Ín progress.

DQT Bg¡,r_Íg

ln 1959 a barrier spray on vegetai;ion iuas laid dor^r-n north of

ldfnnipeg" This so-called trj:rsecticid.e carpetn r,¡as d.eposited on Jtrne

lr6s L959 wíth grounci equi¡rr.ent at the rate of 2 lbs, of DDT in No" 2

fuel oi1 per acreo The area covered- 1rrâs â strÍp 100 feet wide and 5

rriles long. Mlcsquito light traps r.¡ere l-ocated on both sides of the

barrier, but due to the earl¡,- peak of rncsquito emergence that year,

insufficient i¡fo:rnatÍon r¡as obtai¡red to evaluate this type of protection*

Tests_for Rqå_i-*gnge

Several tests r^¡ere condtrcted on the rnosquito larvae eo-1lected j:r

the Wj::nipeg area i;o determj¡e r+hether an]¡ resistanee to j¡secticid.es

had- developed. The tests were mad-e fo:: resistance to DDT sÍnce it has

been used almost exch:-sively for mosquito control in this area for the

past tt+elve yearso A test kÍt, providecl b¡r the .t,,Torld Health Organization

r¡as used ancl it consÍsted of five concentrations of DDT rangÍng frora

0"004. p,p,û" to 2.50 p.F"ln"

lfethocls

The larvae used i¡l each test r¿ere

larvae r+ere obtained" so that 300 third_

of the same speeies coul-d be selected,

collected i:: the field. Sufficient

or earl¡r fowth instar ind.ivici_uals

These la::vae L¡ere placecl i¡ groups
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of 25 in tr'¡elve coniainers* Test eoncentratÍons of O"OOd., O"Oze 0"10,

0"05 and 2.50 parís per rnillion ldere prepared from the kit" Tr"¡o

replicates of eaeh concentration r,¡ere used wiilr tr¿o containers r,¡ith

distilled r,¡ater. as checjrs. The larvae were added to the test contaÍners

and after a period of 24 hours the nu¡nber of dead.u lÍving and moribund
j:td.ividr,rals ruras recorded, Ibribund larvae are here defined. as those

incapable of rising to the surface or shor,ring the eharacterisite dj-ving

reaction v¡hen the r,¡ater is disturbed"

Re s_ult s agl_Dårsg u,s s iog

ln' 1959 four tests foz' resistance ¡nrere conciu-cted on three 1ocal

species" These r,¡ere found- breedjng in areas treated previously that
season v¡ith ÐDT. Tr+o tests were cond.ucted on @#!g inqqgqle but

these shor¡ed no resistance to DDT (å,ppendjx VI and If) n After= 2d hours,
j@" were dead i¡ concentrations of O,OOd p,p.m. ûre test was cond.u_cted

on 4g@ dorsglis and. one on Aedes ve4qæ but no resistance was found^

(.+lppenclix VIT and VIff) " DDT resistance fs not suspected unless the

IS56 is greater than "1 parts per nij-Iion for Âede.q or 1 p"p.m" for
cul-ex species" (rc¡o = dosage required, to kilr 5ú, of the mosquito

sanple) " All- the tests r,¡ere satisfactory and the highest control
norl,ali-ty was 8%.
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caarTl-n x

ST]}fi"íARY

T:n laboratory feeding experíments r,rfth Aç{e€ qeeJ¡aÞå r,¡hole blood.

was preferred to corpuscles r¡ashed in O"I5f" saline" Serum or plasnra

was just as attractj.ve as urhole blood and. was preferred to O"l5'/" sali¡e.

Token stinuJ-i consisti¡lg of warnth, moisture, eolour and odour

appeared to be the most Í-nportant host factors attractive to female

mosquitoes" Temperatures of 36-tp"g" activated the highest response;

a moist suvface v¡as found to be 3-1, t'irnes as attractive as a dry one;

a black or a dark blue srrrface r¡as preferred to the lighter hues"

llhen bl-ood r,¡as conpared to r,lateru blood lrodourrt vras found. to be n"ore

attractive to the fenale mosquito.

A horizontally placed cylinder, 18n long and J¡¡ jl dianeter was

found. to be three ti¡res as attractive as a ve::tica11y placed one,

The flol¡er=s of sr.¡eet clorrer¡ red clover ancl musi,ard plants

atiracted. feniale and male rnosquitoes. Extracts of rose plani flowers

were fotrncl to be attractive r,¡hj-l-e 1ilac and strar,rber.ry were particularly

repellent"

Á'd.ul-t fenales of 49@ aesf,pþ¿ preferrecl coarse surface textures

for oviposition" The eggs were deposíted j¡ the small depnessions of

i;he oaper touelling and. thus fel¡er eggs l¡ere laid on the fi.lter papero

Short r,rave lengths of light (beJ"ow 5OO np) produced a negative

phototactic response r,¡ith larvae and pupae at relativelS' loto lieht
i¡tensities. Long warre lengths of light (6SO*IOO m¡.) were stimulatory
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onJ-y at high light i::tensities. colleetions of adults r,rere higher i:e

traps equipped r'¡ith blue lanps than j¡ those equipped r.¡ith red lamps"

The 15-ghts were operated. at equel light j:rtensities i,¡ith r,rave length of

light being the only apparent variable. Ad.ul_ts rvere tLrus able to

dist5nguish bet'n¡een the tr.¡o colours" lnihen r^rhite lamps we¡e used. i::
the traps, the co'llectj-ons j¡lcreased directly i+ith the lighi jntensities,

Tvienty-five species of mosquitoes v¡ere collected in the llirrnipeg

area durj¡g 1959 and- 1960" The most jmpor.tant species in terms of
annoy-ance r+er.e Ae!Þ spencerii, &ÈeS rinafiUg ancl &dqF H338. CU]-¿_s_etg

+nqrnaj.a r'¡as the rnost abundan'b species jn the lighi; trap collections but

d.id not oecur j¡r the ttbiti:rg¡t collections, culex tarsqX!¡i, an impor-tant

vector of encephalomyelitíso was not abundant j¡ the lljrrnipeg areao

A survey of the adult mosquÍto popuJ.ation r^ras carried out with the

prrpose of comparing the numbers of nosquitoes nÍnsiderr ancl- rßoutsiderr

the control area" ln r95g and 1960s light trap catches ou_tside the

district were higher than those inside, rn Lg5ge an average catch per

night in the outsÍd.e traps was 95.1 and inside 2o.2, In Lg6oe an average

of 60'5 per night ï¡ere caught outsÍde and 2/e"4 i¡side,
ültraviolet or black light r,¡as found to be 4_5 ti¡es more attractj_ve

than the standard r,¡hite light used j¡ the mosquito traps" The uLtra_

violet light traps were used to recapture tagged adults.

Top mi::no!ís, qenbuÊ& a-ffi¡i*s r+ere found- -r,o oven¡inter in Lg|,g-ig,

and- 1959-60, i:r the Kingts parlc pnd just eouth of the university of
l{anÍtoba. Ths m:irrnor,¡s survived" rhe rg59-60 r,¡jnter in another pond. near
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Stony I'bunta5a, 12 m.j-les north of lJi-nnipeg"

r:: mosquito dispersion stuclies lazvae r.Iere treated- ,¡ith p32 ancl

adul-t,s errerged caruying the radio-aetive tracer, Tr.ro tagged aduLts

r+ere captu:'ed at one and two railes fyom the release poÍnt" 0¡e adult

was captured four r,¡eeks after ï;he release and. retained 2500 cou¡ts

per mirrute.

Experiments were earried out to d-eter'rnjrre r,¡hether nosquitoes

i-n the Greater Winnipeg area had developed. resistance to DUl" A kit
suppri-ed by the llorld Health arganization r¿as used in the iests.
Concentr"ations ranging fro¡-r 0"00/¿ p,p"m" lo 2,5A p.port, were found

to be fatal to rnosquito larr¡ae coll-ected insid.e the district,
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D,{I¡f lïG}lT nE,{CTIOllS ¡ C;\G-ED Tq,DTIJ,TS 0F AEDES ÂEGYPTI

Age 5n Days Percent on
ïlluminated End

Percent on
Dark End

1
2
)
4
5
6
I

9
10
11
T2
3_3
16

16
t7
aal
-Lc)

2I

23
2/+
25
¿o
28
20

30

Õ¿

/t7 "5
39 "6
31.3
28'/r
)A)
20"L
!6"7
15.8
7,I

6 
"/u6"9

5,L
/+ "()Ëa
t(,4ø0
&"7
t+r6
/""9
/n'2
4"9
Ë,t
6"o
I(j4øo

)o)

6,9
ö"O
oo/ø/

!6"4
20"7
)))
25,8
27,3
38"4
36"8
/u2"I
40,6
/å-.2
l+7 "I
45.3
/ê. "8
lo7 "6lro.L
/u8,1
43"2
ÅJ.9
/n6 "/r
¿+.4 ø )
/*6,L
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APTENÐ$ TT

tïGï1Î TR.{? COtTllCTIOt',fSe yAy t4 - ffi?TEi,.flBER 3s lg5g

Date
Ki-ldonan l,'lindsor

Park Golf Course
.åssj:riboi:re University Government

Fark Caml:us Greenhouse

4 8e 49 4e 4

lhy l/+
L8

)Ë.

June 1

$
18

25
)o

Juay 2

9
T3

Î,ug" 3

7]6
18 38

5]L9
00
02
01
02
ôal)Ò

/+5
01
0/"
1_2

not ruJÌ
00

2L00
111
00
00

01
00
00
210

5L?
859
20

00
00
00
03
0!5
/* I7
381

12l/
724
17

106
8].2
01

AE EE

3t 30
35
610
2'l

l65
i_l 17
18 22
T4 13
17 22
6/, 4.))
12
01
2/*
230
/, 16

00
00
00
06
02
)E
7 1r_

12
/-1, 83
].63
55
31029

/,-/r 27
18 t7
03
¿)

107
02
510
910
7 l/+

77 26
15 18))
01
11
96
312
6 l/+

not set up

N?

¡l

lî
il

84a
3627 L83

26 26
22 26
627
/+9

t5 23
30 28
311
3 L/+
/, 13
77
59
920
6].2
7 r4,

20 3/v
610
10
E.)
/H

139
10 36827

0000
07Ä,oo8 69 101_

lL 32 3/+
Itr6 33r 73 J,6g
102 9/+ not run22 25 ]67
2L 73
712

6 Ä,0 82
66 75 233 202

\656
20 /* lr
23
27 t3 I ttr 6¿r

3014J.39
)o

38
6lr8

10tr6
1377
t7
20
2/+
¿t

0312
1163oL
3 10 12 2/+
Ir I t62j

31 10 21 3g2t 5 s 12 6 13 18Sept.J lr 1 12 /. 13 5 L 3 15 Zz

Éç& 1109 !& 672 æ Æ-
Total l2 Trap lrTts" 32 33 Trap Nts" 33 26 Trap Nts,

Ave" per
Trap Nt, 18"9 34,6 r/u.7 22 B.? T2

r2,5 ð 2O,2 e

9.5 915 10,6 2/n"!
Âverage ¡:er
Trap night
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A?}ENDß ÏTÏ

LIGIII TRÀF C0LIECTIONSe ILAY 14 - SEPTEIffi. 3e 1959

Date Lilyfield Oak Bluff I[avi¡ School

ð4 3+
00
00
00
13
05
00
0g
v2L0o
43087

25 2r
179
T6 L3

1l-1 17
929
o I/+

36 3a
3/, 23
810

11 2I
r43 280rz 35
68 1-t"2

10 28
12
l+5
37523 42trz 62

2U. 81
A2r 78
L66 95

016
00
00
02
029
1 gly

lr 17
381

12 l/+
7 2/+

17
106
8t2
01

3t 50
33 30
35
610

2t t3
)22 t65
22 88

2/'.5 500
38 98
5a 6L
22 86
3t 66
23

/$ t2
18 62
27 126
21 8/+

16 4,5
79 6/+

}'ilay l/+
18
2I
25
20

June I
tr
a|(f

11
15
18
2)
25
)o

JuJy 2
6
9

t3
L6
20
23
27
30

Aug. 3
6
9

t3
t7
20
2t+
27
3t

Sept"J

070
00
010
00
093
132

21 3760 609
not, run

533 1960
/+ 28

73 109
r97 1305
31 6t

118 25L
6r æ6
75 8l+

30 /+8
26 3t+
110
/, 32

23 26
2J_ t&
35 7r

I31 22O
5A 7L
fl ro/+
62 zt]
23 62
2i 1,2

73 238
æ. ztt
38 5L

Total
I7W. 6j6ã
jZ Trap night,s

Ð2ß¿
33 Tra.p nights

WA LOTT

33 Tyap nights

Ave* per
Trap night 55.9 198.9 26"6 56"5

/,2,2 I 95 "7 1-

4.L,6 33.2

Äve. 1ær
Trap night
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A9TETüÐ]X TV

T,tcl{r' TRÁP COLLECTTO}íSe MAY 2 - JUIY 18e 1960

Date KiJ-clonan i,lindsor Âssinboine Uníversit5' Governnient

_ __ __Js"h*SrLcgTIsS _ * pg:L_ - " Oeqj*llq * Qåeg*olS_S .=

3+ 3+ ð? 4? 3 +

not run
n

¡¡

¡t

ft
TN

tf

¡t

rI

tt

n

F

fi
t!

f¡

8¡

n

Û

It
t1

lr L2
10 52
720

12 t30
28 106
r/+ 61
6 /,,0

52 T3L63r
775

not set 0 0 not run not ruri
00000000
00000000
00000000
00000000
0001 01 00
000001 00
00030000
03000600oo23oo36
121022 10
0111i"527
30000000
00020/r0L

u023000210520 1200
30101000
00000001

r? 36 1r3 120 o 9
72 6/+ 13 28 13 2i 10 /+B

12 /r!u 10 10 B 12 t6 58
30 92 432 !22L 2239
13 I7 620 /,, 5 L022
10 8/+ 13 22 52 92 1 37
10 52 5' r8 18 8t+ 10 32
67t33183000

128310033332
/r2 rs6 6 26 16 82 t2 36
16 59 3r7 6 11 3]l7
88012L0170I3

iufay 2
l+

6
a!o

!2
1?
L6
T7
18
20
2/+
27
/-Õ
?1

Jtrne 3
6
7
9

13
L6
20
á,)
4,(

3a
July ¿o

7
11
LÄ.
18

Total-
?Iå 872
29 Trap nts.

meæ
29 Trap nt,s,

w 66r
10 Trap nts.

% 3þ2
3A

reæ
30

Average per
Trap níght 9.5 30 "3 2 "3 '/ "3 5 ,96 15 ,6 3 "3 13 14"6 66 "!

Average trer
Trap night 2lr"l+ +6l"
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LIcär fR¿3 COLLECTTCIïS, r'{AY 2 - JUIY 18e 1960

Date LiJ-¡rfield- Oak Bluff St" Vital

{? l+ 3e
00
00
00
00
00
00
01
02
0tr
25
01
23
lr6

12 10
10
25
820

t7 32
2/+ &3
&72
14, 6*
611 zlno
32 80
36 2r2
4 r2O

2/+ 62
t+ /t4

/,2 )_72
8 /16
6 130

00
00
00
00
00
03
02
0/"
223
/"9
05

26 13
29 18
18 22
ro4 36
33 t7
U/-
32 6A
65 78

lZuO 108
5r t95

U¿, 332
la u+L

174 360
/+8 18O
6t+ g2

65 t6!u
8l ]}6
30 lr7
33 T5T

00
00
00
00
00
00
00
09
04
06
63
89

279
28 32
58 33
52 53
96

2l+ /+o

38 75
223 Zly',
1s0 ]t76
/+B ]-38
18 52
4/, 232
4/" 2O/,,

96 760
19 65
/& j-93
1 l/+

29 TA7

!h5' 2
lr
5
6
c!
Õ

12
13
T6
17
18
2ñ
2/+
/-I
aô
?1

June l
6
7
9

13
t6
20
23
2?
30

JUJ-y 4
7

11
u
1s

Total ww
30 Trap nights

1201 æ5Á 2Æ r3r/,.

Average pr
Trap night 32,8 62,5 /*o 75 "l rr.6 lû,9

60"5 ?28,1 I
Average per
Trap night
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EFIEC'I 0F DDT AT CoI'ICENTRATICI$ 0F 0"004 - 2,5O P.?.1'1. 0N

qutIs!]TA n{oÏlsaIÂ THIP,Ð rr,[srÄfi Lx-F"vÁE cOtlEcTED ]lü CHaRIESI',,I,00Ð,

I'TANITOBA 1959

Concentration of
insecticid.e p"p,m"

Replicate
No,

Fi¡al conclition of larvae
after 2/r hours

L M Ð Total /"M+W

0.00/u

0"02

o.10

0"50

2"5a

Conirol

0010
0010

0010
0010

00L0
0010

0010
001_0
0010
00f,o

1000
1000

10
10

10
10

10
10

10
10

10
10

10
l_0

Loq,
Laq,

LOq"
rcq"

L.-)O/b

row

rcV"
rcry/î"

LOÚi,
LOv"

q"
q"

* L - living; M - rnoribund-; Ð - d.ead.
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AFTEI\TD]X VTT

EITECT 0F DÐü ,q.T C0liGEl'üTRÀTI0i',iS 0F 0.00/e - 2.5O P.p"M" ON

ÁpES pg¡ìË4tlF TF;IRD IíSTÁR LAF"VAE CoLLECTED ]]ü ST. B0IËI'ACE9

I/IAXTTIOBA 1959

Concentration of
i¡secticid-e p"p,m,

RepU-cate
No,

cond.ition of larvae
after 2/o hours

M D Total f" 14 + Ðx

25
25

25
25

28,

25

)8,

25

25
¿)

)4
)E

rcØ
rcØ"

roe"
roof,

roo7,
too/"

rov"
LOúp

rcq"
].:OAd,

.0q"
,o/r%

0025
0025
0025
0025
0025
0025
0025
0025
0025
0025

23oz
2/+01

I
)

1
2

1
2

1
2

1
2

I
2

0"004

0"02

0"10

0" 50

o,50

Control

* l, - livi¡rg; M - moribund; D - dead,



ql

APFEI'TDIX VTÏI

EFFÏÉT 0F DDT AT COI\TCENTRATI:0NS 0F 0"00/t * 2"5O ?"F.t'f, O}tr

4E!Eg VEX,{NF TH]AD ANÐ FOTIRTH ]NSTÁR T,ARVÄE COLI}ETED T'I TIINDSOT?. PAA,K9

!In'INIPEG, MAI\TITOBA 1959

Coneentration'of
insec'cicid-e p.p"ron

Replícate
Nou

Fina1 cond-ition of larvae
after 2/* hours

L t'f D Total /" tl + W

roúfr
LOFt6

]":oaf,
tov"

roq"
rov"

tov"
roq"

roq"
rcui,

.Olr/"
Ø

002525
002525
002525
002525
002525
002525
002525
002525
002525
002525

2/+0L25
250025

I
2

I
2

1
2

I

1
2

l-
2

0,004

o,o2

0.1

o,5

2.50

Control

x L - living; M - ¡roribund; D - dead.
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APTENDTX ]N

ETTfECÎ OF DDT AT CO}TCENTN.ÂTÏONS OF O"OO4 - 2"5O ?"P.M. ON

0TIIT€ETA Ð9F,MTA LARVAE CoT,LECTED AT FoRT ROUcEe

I'JINNIÏEG, I'nNIT0BA 1960

ConcentratÍon of
insecticid-e p,pnrn-"

o,0a4

o.o2

0.10

0"50

2.5a

Control-

Replicate
No"

Fisral condition of larvae
after 2{ hours

L I{ D Total /" ttt + Dx

1
2

I
2

I
2

I
2

I
2

L
)

109
0 010
0 010
0 010

10
10

10
10

L0
10

10
10

10
10

LAú"
roo/"

lory/,
rcu/"

rcØ"
nq"

Loo/,
rocrl"

rq,
Ø,

904,
roF/.

10
0

010
010

01
00

0
0

0
0

0
0

0
10

010
010

010
010

x I - living; M - moribund; D - dead.


