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¿ESTRACT

The distribution of -@ velcåns (l"leigen) in the provinee of

l'fanitoba appears to be correlated vrith suitable developmental sites¡

as we].l as cIi:natic factors.

Viability of nosqulto eggs j-n storage was best mai¡tained at

low tenperattes and high hu¡iditibs. The tøiperatr:re at v'ri'rich eggs

were conùltioned and. hatched i¡rfluenced. their hatchabi-Lity. Re1ati-ve

hr::rddity of pre-hateh conditions affected. the viabiU-ty and the rate

of egg hatch. Eggs, four weeks old, lost moisture at a slorn¡er rate

j¡r an umaturated. atmosphere than eggs tl'Io weeks old..

Laboratory e:qperiments sho¡red that &-d_es rc adults could

not survive e4)osure to 4OoF for 2{ hor:rs. Mosquitoes given water or

honey sur¡rived longer than unfed adults. Fernale rnosquitoes lived longer

than male roosquitoes, and. relative hu:uidity had no effect on adult

longevity wheT adutts l¡Íere given a source of t¡ater.

Aedes veèa4.s ís the most abundant species in tne l'ljnnipeg area

and nost of the adult moso¡ritoes occurring inside the contvolled area

originated i-n breeding sites outside the area"

l.lestern encçhaliti-s investigations in llanitoba in 1965 and

1966 found no trace of the virus in mosquitoes collected from d:iffer-

ent parts of the province.

!'eruer mosquitoes were found, at 4O feet than at !"feet above

ground 1evel. Swarus of maJ-e rirosquitoes occurred peniodically at the



40 foot Ievelo

Pre-season insectÍcide applications r¡,¡ere rnost effective when

applied to permanent pools, DDT had a longer residual effect than

other chanical-s tested. DDT impregnated on verrniculite granules was

stored up to two years rrrith no deterioration. The mosquitoes of

the lrli¡nipeg aree have not developed resistance to DDT, as deter-

mined by the r,torld Health Ùrganization tests.



There

and La Casse,

the irlinnipeg

CH.APTER Ï

IMROÐUCrJON

æe 39 knov¡n species of mosquitoes in Manitoba (Carpenter

Lg55t Ka1page, L966)oof which 25 have besr colleeted in

a¡r.ea. The primary importance of mosquitoes at the

sent üime lies in their nuisance value rather than as vectors of

pre-

dis-

ease. The errtire province is plagued Ìrith these pests during the

spring and. sunner monühs, and the rezulting aJlnoyance can Ior,¡er agrÍ.cuI-

tural and indr¡sürial efficiæey and d.ecrease real estate val-ues.

Mosquito abatøent operations in llianitoba are at present confined

to l{etropolitan Winnipeg. the contrrcl area covers 256 square uriles and

be¡refi-te over half a niÏLíon people. Control mea$res are carried on

througþout the year, Fall and, r*lnter applications of insecticid.e are

applied to the areas laro¡nr to produce rnosqui-toes each year to kiIL the

young larvae as they hatch in the spring. Spring and sr.mmer spraying

and fogging are used to erad:icate nosquitoes rvhich flLy in from areas

outside the control district"

fn order to obtaln j¡rforrnation about mosquito populations j¡eside

arrd outside the conùro1 area, and to get comparisons of mosquito popu-

lations from year to year, ¡¡hich are important in dete¡'nin-i.ng the effic-

iency of a mosquito abaternent program, the Department of E_ntono1ory at

the üniversíty of Fianito¡a operates a numben of light traps throughout

the spring and eulnmer.
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.4. nu:dcer of envi-ron¡rental factors mnst be considered in the in-

terpu'etation of data resulting frc¡n surveys designed to sarnple j:rsect

,oopulations. &nong these factors are w-ind, tøoperature, relative

humidity, arrd precipitation. Each is subject to a considerable degree

of variability fron year to year" Variabi-l-ity in preei.oitation,

especially, rezults in fluc'buations in the mosquito population" If
sufficiæt Imor^ledge can be gained on how Nhe other factors of the

environment affect roosquito po,cutrations, r{e may be better prepared.

to forecast the population levels to be e>pected, learling io more

efficient control mea-sures,

The .light trap su'vey of adult mosquito populations has been

in operation since 1957, and has reveeled that Åedes vexÊl:ts is the most

abundant speci-es in the'Í,ünnipeg area (Sn¿tfr L959, Brust L%O, Brandt

f96ù, comprising up Lo 85/' of the mosquito po;oulation, A swvey mad.e

by I{clintock in 19/r.4 also reported Aedgq _\rgëqnÊ to be the most abundant

speci es.

¿fdditional lclowledge of the Lj-fe history of Aed_eg vexans in Mani-

toba was gained by larval and adult surveys and field observations.

Laboratory e>cperi-ments'hrere performed on the egg and ad.ult stages of

Itedes- IglSÐr providing informati-on about the physiology ancl ecolory

of this species"

In recent years there has been an increased. incidence of r¡¡estern

encephalitis in horses in I{4i1,66¿, .t\ W,E, investigation program .hras

in-ltiated on a prelì-rninary basis Ín t9ó5 and e:çanded in 19ó6, The prtunary

objective is to discover the virus in mosqui-toes before horses ancl humans



are aJfected., so preventive measures can be taken'

F,alt and r,.rinter applieation of insectlcid'es has beerr carried.

outinthei.finnipegareasinceLg56.Period.icevalua,tionsareneces.

sarytoasgaythecontinued'effectivenessofthistypeofcontrol.

Evaluation may be carried ou-c by bioassays of The treated areas, by

erçerimerrts lvi,rich sirnula'be natural conditi-ons, ald hy tests to deter-

mine whether resistanee has developed'

Theo@
The objectives of this stud.y r¡ere threefold: (r) to investi-

gate the ecology of r^.osquito species occr:rring in the fiinnipeg area,

especialJ-y Aedes .* i.{eígen; (Z) to study some physiologicat' as-

pects of liedeq ve)çå.ns in order to gain more knorn'ledge of the biology

of this species and to improve culture techniques; (¡) to exaiaine

theshortarrdl.ongtermeffectivenessofcontralmeasuresinthe

l'íinnipeg arean

Oree'lization of -the Th$tis

The thesis is mad.e up of ten chapters, Íl which three maj¡r

aspects are covered.. ti:apter ff, V, and VI cover laboratory studi.es

of êgþ JL9I!9gÊ," In chapters VII¡ VIII, and' IX' field' studies of

mosquitoes are described,. chapter x outlines investigations rnade on

cheraicals novr in use for rnosquito control, and on chemicals,under con-

sideration for future use.



CHÁPTM TT

REVIE}T OF LTÎERATURE

Borg and Horsfall (1953) denonstrated. that the basic hatching

stimnlus for nosquito eggs is a decrease in the orygen e,ontent of the

hatching medium. Horsfall (fg¡6) showed. that the hatching of eggs in
a suitable medium was i-nfLuenced, by the ftcond:ltioningrr factors of tem-

perature encl relative hunidity. Beckel (rg¡g) studying Aedeg herodontug

Dyar, found tl¡at the perneability of the egg cuticle ,t,o both ross and

uptake of water became l-ess as the egg aged. l{eola (tg6t+) found. that

a reduced rate of transpiration, best achieved, at fors tanperatures and.

hÍgh hunidities, was necessary to rnaintain viabirity of eggs of AeÊeÞ

aegrpti L. during prolonged storage.

Clarke (tgt*Ð, usillg aniline dyes to l-abel nosquitoes for flight
and longevity studies, rçorted reeapt'.ring a felrnale Aedes vexans 3?

days after staining and release. The rongevity of adult AedeE aesroti

is ÍnflLuenced by mating and association of the sexes, according to
Liles (L96Ð. litorking i,cith t_*"* tarsalis coquillett, Ânderson and.

Harv¡ood IJ?AO) found the survival of this species at temperatures around.

Ooc was increased by cold preeonditionj-ng. clenenùs (Lg6Ð rçorted
that at rnoderate tenperatures there d.oes not appear to be any direct re-
lationship between longevity and. relati_ve hunidit,y.

Sûrlth (]g5g), Brust (1960), Fnd Brandt(I9ó4),

quito populations, as nþasured by light traps, are

found that the mos-

greater outsid.e the



Metrro. Winnipeg abatøent òistrict than insid'e. CoLLett eü aI QqtL)

state tirat both lieht trap colJ-ections ar¡d larva} sanpling are valid

meÈhod.s of estinating poprrlation charrges ar¡d dlfferences.

Mci,intock (tgt*tn), snith (tgSgi, Bmst (fgóo), and Brardt (fç64),

found Aed.es veËgns the most abund.ar¡b species in the Ïüinnipeg areao A

nu¡nben of studies have bee¡r made on the ecology of this species" Hors-

fafl (195,L) reported on Aedes Egaqg as a migratory species. Horsfall

(W6Z) studied. the vertical di.stribution of eggs of floodwater nosquitoes,

particularly Àed.es .@. Gunstream s1¿ Che,w (19ó3), found that Aedeq

velra¡rs a'dults remain rel¿tively inactive for tlo days aften sllergence'

The relationship between precipitation and abund.ance of Aedes vgx9qq nas

æphasized by Price (1964).

The first investigation of vrestern encephalitis in mosquitoes of

I4anitoba was mad.e fnom 1942 to L9¿+5 by I{ct,intocf (t946) " No further

'y,foE. studi-es on mosquitoes were made in this province until 1965, but

the occrrence of hl.E. iJr horses and. huma¡s ûas recorded by the Manitoba

Department of Health. Inrrestj-gations by Br.rton (tgOS) j¡r Saskatchewan

revealed. that many aedine species nay harbour the virus, but Culex @-

salis is still regard'ed as the principal trar¡s¡nitter of w'E' in saskatche-

ïIAn.

MacCreary (f94f) co,pared the densi-üy of nosquitoes at groirnd level

and at 1O0 feet, and for:nd that greater nu¡rbers of mosquitoes occurued

at tlie lorn¡er IeveI. Burgess and Haufe (19óO), Ðd Main et aI (I9ó6)t

lnd.eperd.entþ found that greater nr¡:rbers of mosquitoes occlir e.t grlound

Ievel than at 25 feeí above grround tevel in prairie locations, but ín

forest locations equal or greater nr¡n¡bers of adults occur at 25 feet



as conrpared brith ground leveJ-. Bra¡rdt (L961þ) caright large nr¡nbers of

.{edes vexqns nales on sevenal occasions in a trap with an entrance /¡0

feet above grround level.

Sutherland and Mazurkewicz (L963) found that the solvent used j-n

DDT ircprega*1on of granules, and. the type and size of the granules i.n-

pregnated,, had. a great j¡fluence on tt¡e release of DDT frrom these granules.

Chapman Ogee) evaluated, different chanj-cals as larvici-des in the labora-

tory by use of a moùification of tr¡Jbrld Health Orgarnization resistance test

technlques.

The use of radioisotope tracers for insecticide stud.ies is a rela-

tively new and highly pronrising techniqire. casida QgAe) studied the

netabolism of organophosphate insecticides in plants usj-:rg ?Je as a

Iabe].. Plapp and Lindquist (1ç63) used ra.diosotopes Èo study the fate

of insecti-ci-des applied, to anj¡rals and. plants. Heath (I9ó3) described

the r:se of rad:ioisotopes to study insecticide residues v¡l¡en chem:ical or

bÍochenúcal methods are not ad.equate.

snith (tg¡g), Brust (rgeo), ffid Erandt(r964) found that no resis-
tance to DDT had. developed. in the mosquitoes of the winnipeg area.
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specj-es of rursquitoes kno¡¡e to occur in Ma¡ritoba

six genera (Tab1e I).

TABI,E Ï
MOSQUI1ì0 SPECmS IN MANIToBA

Anopheles earlei
A.
a.

punetipenni-s
walkeri-

.A.edes abserratus
A. aurifer
À. bami
A. eampestri-s
A. canader¡sis
A. decticus
A. cinerers
A. comrmrnis
A. dianùaeus
A. dorsalis
A. excrueians
.4.. fitchii
A. flavescens
A. hoodontus
Á,, impj-ger
A. implicatus
Á.n i-ntrr¡dens
A. nþri.pes
A. nigrrcmaculis
A. pionips
Â. punctor
A. niparius
A. spencerii
Ao sticticus
A. stimulans
A. trichr¡ris
A. triseriatus
A. vexarÌs

Cu]-i.seta alaskaensis
C" irnpatiens
C. inornata
C. norsiterrs

Culex restuans
Co tarsalis

i{ansoni-a pertr:rb,ans

ïfyeoqria snrithii



Anoplp,les, Culex, 6¡1¿ CrÈiseta speeies over winter as adrilten The

insøj¡rabed fen¿Ies spend the vri¡ter in cel]ars, ceves, outbuildings, rab-

bit buruol¡s, hoJJow trees, and other well protected locations, The females

leave these areas in the spring, obtain a blood meal and. ori:lposit in per-

manent pools. The eggs hatch wit!¡-ln 4-? days after ovipositj-on" In south-

ern Íianitoba larvae of Cul:Lsqþa and Culex species are first observed. in
early June. Larvae are found throughout the sutffirer, often until the mi¿dle

of Septqob*.

Mansonia perturbans and lrlyeoq¡ia @lh¿i_overwinter as 1anrae in
mud at the bottom of pernanøtt ¡:oo1s. They pupate in spring or early sum-

mer and the adufts eJnerge alnost a week Iater. Little v¡ork has been done

on the biology of these two species in Mar¡itoba due to their rare occurenceo

Mqasonia larvae obtain olygen from submerged. plant stsns an¿ roots by si-
phonal penetration. In lanrae s¡ liyeomy'iE respiration is 1argely cutaneous

and they are rarely found at the surface.

Mosquitoes of the genus ¡ledes are the most jmnortant species j-n

I{anitoba, in terms of nunbers and human annoyance. fn contrast to Cg].ex,

culiseta, and Anopheles, aedine specj-es over"v¡j-nter in the egg stage. The

eggs are insurated from exbrem.e sub-zero temperatures by snow.

Classificatio.n of MarÉtoba jledine Ëjpecies

Aedine mosquitoes can be divided into three elasses; rrrri-voltine,

nrulti-voltine, and a nrixture of the tr,o (Table rr). univortj-ne species

have an obligatory ønbryonic d.lapause; multivoltine species have faculta-
tive diapause utrich can be amested. at l.r:!I1; still other species eonsist

of a nul-ti-voltine and univoltine strain, but not much is knorrrn to date about



species im¡olved. in the last grrrup"

T¡ETE TT

CLASSIFICATTON OF ¡{I.AI\]ITOBA XEDINE SPÉCTES

Univqltj,ne

Aedes abserratus

A. ar:rifer

A; barri-

A. conrnunis

A. decti-cus

ütLtivolüine

Aed.es canrpestris

A. dorsalis

Â.. nigromaculis

A. diarrtaeus

A. excrucians

A. fitchii
A. flavescens

A. hexodontus

sticticus

triseriatus

vexans

.r1,. i-urpiger

A. intnrdens

A" implicatus

A. ni-gr5.pes

A. piorrips

.tl. punctor

A. riperj-ue

A" stimuLæs

A. tr'-i-ci:u-r";s

A.

Ao

s,.

Uni_volt j¡e ang Mr+lt ivoltige

Aedes cinereus

A. cana.densis

A. spencerí5.

Univoltine species can have onJ-y one generation a year since the

eggs must go through several uu¡nths of cold. cor:ditionlng before they

hateh. The eggs of un:ivoltine species usuall.y haüch i-n pools forrned by

nelti:rg sû'ro?¡. Follor'r4ng development, the adults 1ay their eggs i:r early

sunÌìer a:rd the eggs renain i-n diapause until the foìJowing spring,

ivlult,ivoltine speci-es have as many generations a year as climatic con-

ditions (primariJy precipit,ation and tenpera.ture) wjJ-1 at'tov¡. The eggs of
:t:u

ü

:ì
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nul-tivoltine species do not enter diapause a;rd therefore d.o not requlre

chilliqq prior to hatching.

Aedes -æ-gqqeql.i, À. cr_qgceu,9 and ¿. c,Anad.egsié in l,I¿¡i¿sba each

consist of mr¡ltivoltine ancl u¡¡:ivoltine f ractions (taUte It). i'hese three

species have previously been considered. as univoltine, but a portion of
the egg population of each sÞecies, r^inieh oviposited in the laboratory,

hatched Lrithout cold treatment. rn é. spçncgri;!, the fraction hatching

r¡:ithout cold treatment out of three replicates of JO eggs each was 697".

Ït é. -gqgæqg arid é. cêrlqdensi€, onry one test was cond.ucted, and of

319 eges of ¿. giåeræ, 156 hatchec without cold treatment (¿n8iã)"

af L62 eggs of Å. caqaåqrq-i-s-, !1 hatched. r¡rithout cord. treatment (gz:,$).

Ïn all three of these species fr.rrther investigation needs to be done,

firstl¡reto determine if an individua'l. female lays both urrivoltine an¿

rotrltivoltine eggs or only one type. secondly, adults of each species

could be eo]-lected throughout the spring and sumner to d.etermine r,rhether

there is any change in the proportion of multivoltine and univoltine

eggs laid rqith successive brood.s. Thirdly, the nn:ltivoltine fractj-on could

be sèlected for seve,ral generations to determi:re uhether rnul-tivoltinism

is a genetic character that can be isolated. from unÍvoltisnr in the saine

speeies.

Spring mosquito populations æe mad.e up largely of trn:i-vo1tÍne spec-

ies j:t the !íinnipeg area (Fig. I). By early sulnlner, multivoliine species

apìoear in increasing nunrb*s and. by July these specíes are preCorninant, By

the end of '{ugustr few univoltine adults remain as they lay their eggs and

die generalty before ihe midd.le of the month.

AedeÊ ve{êgs in i{anitoba is a froodr¡¡ater species pnimarily found.
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i:: grassy ditches, pastures, and. aspen forests, rdnere snall pools form

afber a hearry rain. Unlike i.rnivoltine aeùine species, 3!. vexaaÞ- does

not seleet muskeg or a conif erous forest habitat r^¡here pools are l-ined r^¡"ith

mos5.

A province-i,,ride adult biting survqy has revealed that the percen-

tage of 4. -vg::::::::::::::::xans 
decreases from south to norùh in the province (l'ig. 2).

CLjmatie conditions, whiae very Lnportant, are not the on].y factors af-

fecting the distribution of this species. In some ceses lack of suitable

oviposition sites may limit its occr¡'rence,

ri¡pund Winnipeg, r..,here the ;$. vexqng population is high, farmJ-and.

and grassy ditches are abundant. Sonre farrnland also occurs near The

Pas r¡l.lere ê. ggltr makes u.o abou.t 5O/, of the biting population. .Ln

the i;'U¡ Flon arear onJ.¡r 100 miles from The Pas and on the edge of the

Canadi-an shield, the terraln eonsi-sts of precanbrian rock outcrops (Weir,

1. R.r 1960 Ijcononrlc ¡rtlas of l/janj-tdca) and bog. This type of surface

deposit does not provide suitable oviposi-tion sites for r4.. veEgeÞ.¡ and at

F1j-n I'lon thì-s speci-es makes up only about 3'/' of the mosquito po1:ulation.

!'[est and north-wesù of Flin !'lonr where clay and. silt occur as well as

bog and rod< outcrops, É. Ire. agaì-n becomes numerous" Âspen stands

are associated usually vrith clay and sjJ.t deposj-ts jn the anea, and l,/nere

aspen stands trere abundant ¡[. vg8anÞ was al-so numerÐus. Tn the Churchill

êrea A. qexafig- is exbrenely rare. the elimate at thurehili is ceriainly

more severe than in the central parts of the province, but it is r:nlikely

that this has rnuch effect on Á" I@8. The winten soíI te:"rperatures at

Churchill are not very ùlfferent fnrm those at Wi¡nipeg and are not low



FïGLRE 1: Relative Abundance of Adults

of Univoltine and Multivoltine Aedine

Moso¡ritoes in the trfinnipeg ilrea, L965

Survey.
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enough to cause the eggs any harm. The only apparent reason for the

gaall nunber of A. t*.*", Q.!% of.the adult biting poprrlation in July,

is the l-ack of clay or silt deposits. The areá is historically marine

'¡rith exbensive bogs and. coarse alluvial deposits (l'Iei-r, T. R.r 19ó0)"



FTGURE 2: Percentage of Aedes vFxans

in the Adult Mosquito Biting

Popul-ation ín the lüinníPeg,

The ?as, F1-in FLon and

Churchíll areas, 1"965 survey.
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CHJITJTTTì ÏV

tffi Ii{FLUËiil1CE tF '1181{r-ffiÄTURË AlüÐ HU}frÐïTT 0l{

V]ABIî,ITT ^ùI.{D ÌIATCI{IÌ.üG OF A$ÐES -üEXAI\S 
i¡jC-GS

Â number of e:qoeriments l{ere carried out on eggs of ¿. HË.
The inff-uence of tenperatrre and himidity on egg viability and hatch-

ing was stu*ied (f) to obtain information on laboratory techniques for

storage, cond.itioning, and hat,chj¡g, (e) fu gain information useful in

ecological str-rdies, an¿ (3) to better und.erstand the physiolory of the

egg stage of 3. .IgtsÊlg.

l'fet]rod and Eqrl.iprrent

AII eggs used were obtained from field collected fernales" A

test for viability v¡as uade by plaeing the eggs in a saiurated solu-

tion of Na CI and water. The non-viable eggs shriveil a¡d sink to

ihe bottom, rchereas ihe viable eggs rønain firm and float. The viable

eggs \^rere then coLLected and washed.

The relative hruriüites used l,¡ere obtainecl by varíous concentra-

tions of potassiunr hydroxide solutions. The hurnidity chambers

desi-ccators v¡ith a 10 ínch inside dianeter. B,û.D. incubators,

were

ac-

Tha

broth

curate to 1.6ÐF, v,iere used to get the e>r.oerimental tø+peratures.

hatchi-ng soluLion consi-sted of approxknately 300 ¡rg. of nutrient

(Baeto-Beef ExLracù ar¡d Bacto-Pepùone) in 2Ð mls of tap water.



J-ö

Effect itie
on Viabilitv and

The influence of telperature and relative hrrrnidity on egg viabil-
ity and hatchability was studied by subjecting eggs to òifferent pre-

hatch tenperatures and hw'.tiditÍes and different hatching tsnperatures,

Ivlethod

the eggs were divid.ed into tv*, groups, one stored at, 35oF, the

other at ?ooF. Afta five months storage the eggs were placed at ?Oop

at one of for¡r re.lative hunrlditiest Ðt 50, go, or L@%. d,ften turo

weeks the eggs were placed. in hatching solutions at {oo, fro, 60o, 7oo,

or 8ooF.

Results

The percentage of eggs hatching after different treatments i-s given

in Tab1e ITf.

The statistÍcat anaþsi-s of this data is grven in Ta.ble rv-, A .and.

Bo The analysis of varianse (Table IV-À) inði-cated significant dlffer-
ences in a'11 treat¡nents. To find more precisely where these differences

occurred, the method of finding the Least significant differences vras g:4-

ployed (taule ¡fJ). i'üith this method, for two treatments to be sign:ifi-
cantly d.ifferent, the difference between their mea¡zs must exceed the cal-
culaüed least significant difference ($teel arid rorrie, 1p60)"

'Ihe percenùage of eggs hatching at 4OoF at all. treatruents vras signi-
ficantly 1ov¡er tiran the percentage hatchi-ng at the other temperatures. There

TÁras no significant ùifference between the mean nurnber of eggs that hatched

at the other four üaaperatures, 5oo, 60o, ?oo, and gooF, although the tine



'tq

TÁBI,E TÏI

TFE PFfiCMTTAGE OF EC.C'S HATCH]Ì.G A¡-TIB

ÐIFFER,".EJ{ T TREI{.I@}fI S

Eggs stored at 35oF or ?OoF for J monbhs weïe pre-C.onditioned for
hatching þ placing them at TOoF and 20, 50, 8Ór or 100 per cent
R,H. for 2 weeks. Eggs were ther hatched at [0u, 5Oo,6001 7Oo,
or 80oF.

p"e-Hatcti Condi-tíoning % HaLchL
2 weeks at ?OoF and t{atching , Q

tilg fo-llowine 
-Rg 

levels Ternperature 4- 

-B-::400F

5ooF

óooF

Toor

SooF

0
I

t,

0
22
11
50

Ð
)2
68

o
1?

30
h6

U

59
67
o¿

l+

2ß
t,1,

<ô

79
88

0

77
98

0
L7
B7

9l+

U

61
B1

n
50
80

100

20
50
80

100

n
Ãô

Éo
100

æ
50
BO

100

20
50
80

100

1
¿

mean of J reps. of 30 eggs each
A-eggs stored at 35og
B-eggs stored at 70oF
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Source of Vqfiation

Hatehing Tenperature

Pre-Hatch Huraidity

Storing Tenperature

iiesi-drra1

rTtrvn 
^ 
ïI\.,Iru

T^êBTE Tr-A

Ai{.fiI.YSIS CF V¿RTA]VCE OF TÁBLE

D.F. s.s.

l+ 66ll+.19

3 22133"30

I 5I52.gO

"3r _9ffi-55.

39 42263"90

significent, at 5% leve1

IÏI
14.sg

1653.5tt

7377.77

5152.9Q
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O. IJ
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T.AEI,E ]V-B
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Pffi,CH{TAGE HATCH

Hatchj¡g Tenperaturgs

5ooF 6o0r ?oo¡, gooF

37 .5O 40.25 3g,63 4g.25

x t (5%, 3t atJLSD

Pre-Hatch Hu¡nid;itv

LSD

Storing Tsnperature

IuIean

400F

11.13

2 SeZ
r

2 x 469 "79 x Z.oL¡, = L6.75
I

æ% nH 50% nH Soi| RH

0 31.00 Li7.7O

?x269.79 x2.Ol¡ =!h.97
10

3|pr Tooi'

l+9.90 2t+"2A

2 )ç. J¿69 "79 x Z.O4 = 1:o. j9n

rocø nH

Aa rn

LSi)
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Èaken for the eggs to hatch at the l_o,¡¡er tenperatrres was much greater

than at higher tenperatures.

Each pre-hatch relative humidity tested was significantly rncre

favourable to those below it. The largest, nu:nber of larvae obtained at
aJ-r hatching tenpenatwes v¡ere from eggs kept al roo{,",t.H. d.uring pre_

hatch conditioniqg, whiJ-e no larvae were obtained from eggs kept at 20f,,

R.H. pr+hatch conditioning (Table TII).
At atl treatments, significantly greater numbers of
those stored for 5 months at 3,5on than those stored

(Ta,ble III).

eggs hatched

for I nonthsout

^+AU

of
o

70F

Dissuqqlpn

The difference in hatchability of eggs subjected to differenr
terperatures and relative huruiùlties indicat,es a relations.hip betçeen

transpiration and onbryonic longevity. The i-ncrease in hatchebil_ity at
low benpeatures and high hunid.ities iltustrates tha,t recluction of
transpiration is a preregr,ìi-site to protronged egg storage.

rt has been the practice to place -¡r. ve4e¡re eggs at 35oF v,ihen

they are stored for a ntuber of rnonths. this experiment confirmed. that
this tenFerati:re is advantageous i-n mainiaining viabirity d.u.rir¡g stor_
âger as rçorted by l¡ieola (fg¿¿) for lr. aeg¡pt;l.

The rate of' transpiration j-ncreases with a d.ecrease in relative
hund-dit,y. Heola (1%4) found that the decline in hatchability of .3.

aesrpL! eggs at lower relative hu¡ridit,ies was nearly directly propcntional

to r..¡ater loss. Reduced transpiration is necessary for erbr¡.onic survival,



so hiÊih relative hr:ruidities are required. for storage. High relative
hunidities result in occasiona] hatching and encourage fungal grovrbh

uirich can be harmful, so 'bhæe is a lir¿Ít as to hov,r long eggs can

be stored even at reduced f,ernpsratures. Lorv R.H. levels cause desic-

cation and- death of the æbryos, so soÍle fungat growth must be tol-erated

if eggs are to be stored over an exbended period..

The 1or,¡ hatching percentage occuming at 4ooF coincj-des r¿Lth

wirat is ]mo¡.n: of tl:e eeology of É. rg4gÊg. rhe eggs of many aedi¡e

s.oecies hatch in early spring in r.¡ater.frbn urelted. snow, but ¡!.
vex3ns does not. Larvae of thi-srsi¡ecies are seldom found. until after
the fi-rst heavy spring rainfall, wrren the pool teraperatures are

higher. This ex,oeriment indicates t,hat to hatch nore than haJ_f of
å. vexêns eggs a tøn;oerature of at reast 5ooF i-s required. The condi-

tioning teriperature of ?OoF used. in tnis oqoerÍ.ment is higher than

the conditioning of eggs hatching in the spring, but is nearer to the

conditioning which subsequent generations wourd und.ergo.

Method

Different lots of A" gætg eggs were conditioneC

for 16 days at a constant dønperature at tÐo, 5oo , 60o,

were then trar:sferred to 100ø R.H. and ?OoF for Zl:. hoæs

at 70-F.

at 20ø R.,H.

or ?ooF" They

and hatched
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TABI,E V

P.EA, CH{T I{ÅTCH OF .å, V'ËXÁNS EGGS AFTIR

DÏF iì'Efr,ü,iT TAEÂTI,,IINT S

re-hat

4V

20

4V

20

tÐ

50

60

17^
lv

atch

ta

37

¿

o

Jr meåns of J reps. of J0 eggs eaeh

ribout l¡oll of the eggs kept at the lower ta*opera'bure of ÀooF and.
o

50 F were viable, lrhereas at 60oF onry ?iá of the eggs were viable, and

none at ?OoF. lhe highæ rate of trans;oi-ration at 6OoF and /goF resulted.

j¡r the nortatity of almost al-l the egssr wi:i'te at 4ool'ancl 50oF, ilre water

lost through transpiration kllled on:.:y 6O?i, of the eggs.

Ðis_çusslorl

The results show that 1or,¡ relative hurúditÍes

bir:ation lrith low teraperatures for egg storage. Also

stored eggs becoaes a serious problem, the eggs could.

than saturated atmosphere at a lorv ùernperature for a

may be used in com-

if fungal grolnrth in

be placed in a less

short ti:ne to reduce



fungal growth and stilt maintain e-eg viability, Lolt tønperat'¡ne lessens

Lhe desiccating effect on the eggs"

lhe rezults of the above laboratory erqoerÍment also apply to

conditions ririch occur in nature. ïn r^rinter the soil near the ground

surface r.rhere mosquito eggs occir.r is ïrozen, malcing its moistr,rre un-

avaj-Iable to the eggs. Àlso, the rnoisture in tire snow above the eggs

is in the form of ice crystals. It appears pnrbable that mosquito eggs

over-w-inter in an atmosphere of less than lOoii relative hu-nidity, but

are able to survive because of the lor^r tenrperature resulting in decreased

transpiration.

Eggs were taken frori st¡rage at 35on ana di.¡id.ed. into ta¡o gïoups:

one at 4OoF, the other at 7OoF. ltfter two weeks they were transferred

d,irectly into hatching solutions at one of dOo, 50o, fuo or 7Oo F.

Rç,#Ê:

. T.IBIE Vï

T¡IE PE¿CEMAGE OIT A. ]TgÅ¡d\IS .TCCs HATCT{TNG .T'TER

ÐI¡.F3RUUT TREÁT}fr;iiJTS

One grou;c of ê. vexa:ts- eggs was cgnditioned^at 40oF, ^the other at 7OoF,
for 2 weeks before hatching at d0-, 50' , 6", and 70uF.

'Á Ha+,ch ->ç

Hatching
ião.-f õr) Àoor ?oop

400M
50288
@898
70 56 gtv

L

Tern.osature cn Hatch

ti mean of J reps. of JO eggs each
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The eggs cond.itioned at 70%' natched better at at'i tem,oerat,¡res

tested. of the eggs conditioned at 40oF, only half hatched at the re-

ratively higþ ternrerat';re of fOoF, Blil natcrred. at óooF, zÃ haL"hed at

5ooF, and. none hatched at 4ooF. However, of the eggs conditioned
oat 70 Fr about harf hatched at the low tenperature o.f 4ooF, and ap-

proximately go% hatched. at 50o, 600, and ?ooF.

Oipeugsaq.g-

I.forsfall (lgf6) found tirat the percentage of $. vexa4g eggs

hatchjrrg aL 77oF, after being mainbajned at 4oop, increased as the

nurnber of days they were e>posed. to TToF increased. The present

study confirr¡s these resurts and e¡ctends it to apply at different
hatchin g tenper atur es.

The terperatwe at which eggs are cond.itioned can have a

great effect on the nunber of eggs hatching at a particul-ar tem-

perature, and hence laboratory e:qoeriments designed to simulate

hatching of eggs i-n nature must take conditi-oning into considena.t,j-on.

lvlethoÈ

lJggs of Á. vq4q4e and 
"+.

storage at 35oF and j:r,r¿ediately

-ooool+O , 50 , 60- , or 70-F.

abqe.rratus (F. I Y)

placed in hatching

were taken fron
al

solutions al 35-,
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Results:

TÁB-I,E VIf . Percertage hatch of 3. .gs ald
4. abserratus. Eggs tal<en fror^r storage
al 35oF and placed in hatching soiuüions
aL 35o, l+Oo, l0o, $go and 70oF.

Hatching

l+o

60

70

I

z7

Lil

53

4

0

rl

¿

I

)o

ìí- meen of J reps¡of 30 eggs.

A greater pencentage of A. abserla-buÞ eggs hatched at low tempera,-

û:res than:{. vexåEg eggs. al 3.-oï, r!Å or the s!. qbseËgatus eggs hatched,

and. no g. vexÊB€ eggs hatched. At 4ooF, a r/% hatch of the 4. gþserralgg

eggs occurred, com¡-,ared v¡ith none for ¡[. Jgrgg-g. Abou¿ half the 4.
abserraLuq- eggs hatched at 40o and 50oF, vÈrile less than tOØ hatctring

of the é. vex@€, eggs occrlrred. Àt ?ooF, the percentage hatchr-ng ot *r.

abserratus eggs dropp ed. Lo 1,,/,, and of ¡f. vexans eggs ro se lo 56ß.

Ðiscussion

The coirditionrng r'rhrch the eggs received. in this e:çeriment rtras

sÍmilar to the conditioning they would receive in early spring as the snow

melted. The hatching of l!. abserratgs at a tmperatr-ne as Ìow as 4OoF indi-
oates that hatching could. occur in pools resulting frorn melted. snow. This

is indeed the case in l{ani¿o5*, as 4. abserratus larvae are found. as early

as April.
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The higþer temperatures reqr:.i-red to hatch ¡!. vecans eggs e>çlalns

why é. vexans larvae are not found in melted snow pools. such pools u.s-

ually dry up before becon-1ng suffi-ciently warm to hatch -¿\. vexans eggsr

and these eggs remaln unhatched until a heaqy'late spring or early sum-

mer rainfall occrrs"

InflgeTrce gf_Jg,-npgrature and Relative Hr¡nidity on Con,åitioninE
and Rate of Hatchins

l.IetÏ¡od

¡þ' gexanç eggs rÁrere taken out of storage at, 35oF and placed at /eoo,

5oo, &o , and ?ooF. -luithjïì each tønperatr:re the eggs rorere kept at, Ð%,

5O%, SO% and 100Ø relative hun:i.dity. After two weeks the eggs rliere plaeed

in hatching solutions at the same temperature at which they had been con-

ditioned. Counts on the m¡nber hatching were taker at half hor:rly j-nter-

1r¡ l g.

Resu1ts

Tabre vrff " Percentage and rate of hatching of 4. vexans
at different tønperatures.

Eggs of Jr. vexans taken froq storage at JloF
were conditioned. at {0o, 5Ou, Øo, or ZOoF at,
Ð%, 5ofr, 8o%, or LooØ R.H. ior 2'weeks, then
hatched at the conditioning tønperature.

and
Tem

tioning
Hatchi¡e

(oF)

40

Ãrì

OU

70

Conditioning Relative Hunidity

0ccrlr-x-

5o

I
52

4tt¿-

ul

68

Y4

87

67

70

th

A^

10

5l+

3z

9

?rì

20

9

',r lviean of J reps. of J0 eggs
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The highest hatching percentages occurred at the highest condi-

tioning relative hurnidity (gOØ an¿ lOOtã) and at the highest condition-

ing and hatching tøtperatwes (6Oop an¿ ?Oop). No hatching occurued. at

the 4OoF treatment. At 5OoF, half the eggs subjected Lo Ð% and fr"Á H.H.

hatched., and tr,o-thirds of the eggs kept at 8O% æð. lClOø R.H. hatched.

The desiccating effect of the 207; R,H. vras greatest at 60oF ,nd ?OoF,

as shown by the almost negligible hatch at these conditions (table VIII)"

The eggs subjected, to 1ow hruniC-ities survived fairly well rohen also sub-

jected to low tffperal,ures, No eggs hatched aL ZOqÁ RH and ?OoF, wtri-le 50Ø

hatched. aL æ7:, RH and. 5OoF.

ifithj¡ the same twperature, the percentage of eggs hatching in-

creased. as the relative hruuidity was inereased" At, ?OoFr no hatchirrg

occurred. in eggs subjected Lo Ð% ÈH, líl% hatching occurred from t'he 5Q%

RH treatraent, and S7/, axñ, gt+% ha'¿ching occurred. after the 80Ø ancl 100iá

RH treatmants"

The eggs, after different conditloning and hatchingfueatments,

hatched at noticeably diffenent rates. Hatching occurred sooner at the

higher temperatures. Àt 7OoF, 5)il of ttre eggs had hai:ched r^¡ithin 1O

hours, wt,ile at óOoF, it took 2Lo 3 times as long tor 5Of" of the hatch-

ing to occur, and at 5;9oF hatching took as much as 5 to 6 times as long.

t¡'Iithin each tørperatwe treatmentr eBBs conditioned at high rela-

tive huriridities hatched more rapidl;r than eggs cordi-tioned at 1ow rela.tive

hrrrnidities. This was especially no'biceable at the 5OoF tenperature, as

the tirne for 5O,% of the hatch to occur dropped frorn ?8 hours aþ Ð/" RH to

JO hours at lOOø B.H.



Ðiscussion

The cond.itioning and hatching teuperatures tested in this erçeri-

ment sjmulated the conditions eggs are e)rposed to in natr¡re. The conùi-

tioning and. hatching tæperature of 4OoF, at v¡hich no hatching occurred,

approximates the conditions the eggs are e:çosed to in early S¡r ing"

Tenperatures of 5OoF and 60oF, -rnirere tr,¡¡-thircls of the eggs kept ah. LOO{,"

BÈl hatched, closely simulate natural conditioning occurring irt late

spring, when ì.. vexans larva.e are first observed. Gven 90Í hatching

occwred. at the coriditionlng and. ha.tching ternperature of 7gop, which

are the conditions most sirnilar to summer conditions j¡r pools v¡hen the

second generation of j. vex!4€ occurs.

Tl:e higher rate of hatchj-ng at the higher tenperature was due

to the condition of the hatching rnediurn. The basic hatching stimulus

for conditioned eggs is provided by a decrease in the dissolved o4"gen

contsrt of a nedium (FiorsfalJ-, L956), *d the rate of bacterial action

r¡llich resu-lts in decreased orygen content inereases with tenpere,ture.

?he reduced rate of hatching of eggs condj-tioned at lor*'er humiùi-

ties may be due to the more desiccated ønbrSres having to replace soriße

of their lost r,satæ before they could hatch. Álso the porous egg micro-

pyle may have had to replace lost moisture before ha.tching could occur.

Su¡mngry

Viabiüty of eggs dr;ring prolonged storage is best nalntainefl ¿t hio
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relative hunidities and 1o'rr tanperatures, as these condtions result

in a lorr¡ rate of iranspiration and hence ].oi,¡ water loss, ilre-hatch

conditioning tenpæatures influence the abi^l-ity of eggs to hatch. Tn

nature, hatehing of 4. veëe4s eggs occìlr at tenperatures above 5OoF,

roirile 4. abserratus eggs hatch read:ily ai temperatures as 1ol¡ as 40oF"

Pre-hatch relative hu:nidity as well as tenperatw.e can affect the rate

of iratching of eggs.
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loss was first determined. and then they were transferred. to 100ø R.H"

for three days. ¿ifter 3 days aL læ",4 R,H. the egqs were weighed.

again.

Rezults

T^ABLE lX. '','eigh!_change in eggs of 3}. ve4gn_e
at ùif fenent rel-ative hu¡a:i"dities.
Eggs were transferi.eC fror¡. 50îå or güÃ
R.H. at TooF to looø RH at ZooF.

*\ - Eggs placed

ts - !.Jggs placed

5O/, nU, ZOoF, for 1 d.ay.

8Ø HH, ?OoF, for J days.ñ+au

After Åfter
Original Low R.H. ìdeight J Ðays At ldeight

- lleiebt -*_ .,.: gþauåe

all weigþts in milligrams
!deigþt Tleight

-o.21 0.22

-0.11 0.31

A Q 3$-:t

B o"3¿,+

t¡ th

0"21

/0.o7

y'o.to

"+ 
Mean of J Rspt " of 10 Eggs ¡lach

Some of the moisture lost by the eggs at the low hwLidities ïùas

regained in the saturated atmosphere (Table TX),

The eggs placed. aL 5of, RH lost a greai:æ amount (lg,q) of thei-r

rnoisture than the .eggs placed. at gOiá RH (zsÐ. The eggs that hac. lost
moisture aL 8O7ó RH regaineC alnost all the lost noisture vdren placed at

10Ûø il.¡í., but tlre eggs that ha.d lost moisture at 5o",¿ 
p"H regained only a

thi^rd of the lost moisture.

Subsequent weighings showed no further r^re.ight, gain.
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Discussion

The greater loss in weight aL S)fr iìH than ai; 8Oi7 RH indicabes the

rate of transpiration r¿¡as higher at the lower relative hurn-idity.

The ability of the eggs subjecied Lo 8O,% il.H. to rerolace more of

the losl, noisture than the eggs subjected Lo 5Oi1" R.H. may be due to lnore

of the embryos dyrng due to desiccation at the lot¡er hunúdity, and hence

being unable to assj-¡n:ilate moisture.

The process of moisture assimilai;i-on by eggs is no'l, hrov¡n but the

results suggest it is an aci;ive biological process.

T¡íater Loss and Viabítlty in_A. vexens EggE

UeLhod

AedeÊ ve4anq.eggs were divided into 2 groupsl one group for r,reigh-

ing and one grcup for hatching.

The eggs r,.rere placed at 509 B.li. and 8OØ R.H. at 50olr and 70oF,

Srnall aluninum foil dlscs were used. to hold the eggs. *t tr+elve hour

intervals, ùhree discs of 10 eggs rnlere treúghed and three discs of 10 eggs

ivere hatched fr¡rn each treatment combination.

Result s

The eggs subjected to d:ifferent tenperatures and relative hu¡ridiiies

lost d1-fferent æounts of moisture and showed different rates of ltater loss

(ta¡te x).

i{ost of the weight loss occurred i-n the fi-rst six hours. The eggs

subjected to 8Ol RH shor,¡ed. no further neigþt loss after the first 2l¡ hours,

At, 50% RH the eggs coirtjnued to lose weigþt up to J2 hours, bu'u at a de-

creasing rate.
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The greatest loss in weight occurred at ZOot. and 50% ËoH.,

the treatnent li'ith the highest tanperatr¡re and lor¡est relative hurrlid-

ity. This is the condition resulting in the highest rate of trans-

piration"

There was no apparent regularity i-:a the change of viabir-ity of

the eggs kepb at the different treatments. However, a comparison of the

mean per cent hatch occurriqg at the various treatments indlcates that

eggs renalned vi-ab1e lorger at 50op than at ?0o¡'arr¿ aL SOf, R.Ì{. than

at 50'Å R"H. (Table x). Th:is is presumed to be due to the greate,r

transpiration occurring at higþ tønperature and 1or¡r humidities.

Discussion

The attsnpt to correlate water loss and viabil-ity ws,B unsucces6-

ful- due to the irregularity of hatching. Other investigators have been

successful irr doing tkr-is. Meo1a (l%t) found. a nearly directJ-y propor-

tional relationship between water loss and anbryorr-ic viabirity ir 4.
aegypti. Hovrever, he worked with greaten nr¡mbers of eggs, ærd. his

hatehing and weighing intervals lvere greater.

The declini-ng rate of water loss indicates that after the initial
r^¡ater loss, the renaining i:noisture is less likely to be given up by the

egg.

The greatest moisture losses occurred. u.nder the conditions which

woulcl result in the highest rate of transpiration. The lowest hatchj:re

rates n'ere also associated rr¿ith these concl_itions.



Infl-uence of age on the Åbj.]-lty of ESgs
to.4psist Ðesiccation

l{ethod

Å. gæ eggs l.Iere obtained from field collected adults. Olri-

position was obtained by placíng the oviposition cages on rloist cheese-

cloth pads. The cages l'rere noverl. each day and the date of oviposition

recorded.. Tr,'¡o and four week old eggs v,¡ez'e u-sed for the e>çeriments. The

eggs were placed af 5)fr or 8ú,8 relative hunid.ities a¡rcl 5Oo or TOoF for

three days. They -were weighed every 12 hours.

ftesu],tq

The four-weel<-old eggs lost weigþt less ra,aidly than the two-week-

old eggs (table ;tt).

Tab1e XT. Percent weight loss of eggs of different
ages kept at different relative humidiiies
ard different tenperetures. 2 and /¡ week -

old eggs were kept X P% or }Ofi RH and fOo
, or 70oF.

Hrs.
12

after being placed in treatment
ó0

5o%' 50il 2 weeks

{ weeks

2 weeks

d weeks

2 weeks

/¡ weeks

2 weeks

À, r.reeks 3 I

@+t
26 29 39 39 39 39

555252828
0720:¿j*z)æ
255555

t+7 53 67 67 67 67

L2 L2 L2 T2 L2 12

28 56 6? 67 67 67

-^O-2tJ f

o
70F

80ií

5otà

?oo¡' 80il

âí ivlean of J r.eplica.tes of 1O eggs eaeh.
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Under aIJ- tønperature-relative hunidity treatments, the older

eggs had both a lower rate of weigþt loss and a smaller oercentage

l.leight loss.

ïhe younger eggs ap;:eared to be particularly srsceptible to

moisture l-oss at 7OoF, as they IosL 671, of their weight v/nile the older

eggs lost on]-y 12 and g per cant of their weight at 7Oo¡' after ?2 hours.

At, SOoF the djJference in percentage weight, lost after ?2 hours

bJ' old and young eggs was not as great, 1J/, at 507; ?,H and.I\"/, at 8OØ RH.

Ðiscussj-o4

The abiJ-ity of the older eggs to resist desiccatíon may have been

due to a more i::rpermeable shell, a more natr:re æbryo, or a conbÍnation

of these, irr:rther irnrestigation is required to deiermi-ne this.

ùurunary

Å. ve_xans eggs are able to absorb reoisture, apparently by an ac-

ti.ve biol-ogi-cal process, under certain conditions. After an initial loss

in moi-stures by eBBS.r the rsnaining moisture i-s lost at a d.eclining rate.

The amount and rate of water loss by eggs is hi$resì; at high temperatures

and lov¡ hurnldities, lor,sest at low tæperatures and high huratclj-ties. Age

is a factor in the abili'by of eggs to withstand desiccation"
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LONGEVITY OF ADULTS OF jI" THAIIIS TIIüDffi'

OONTBÛT.T ND COhID ITÏO]',S

The survival of mosquitoes under laboratory conditions was inves-

tiga'Led r:nder different tenperatures, hruriditi-es, and aCult nut,ri.tion.

The effect of these conditions on males and fenales ldas investigated,

l'Íettrod elrd Equipment

The adults used i,¡ere l-2 to 2L hours old v¡lren placed in each

treatment" Three rçIicates were carried out at each of the 27 dif-

ferer¡t conditions. Ëach replicate consisted of 20 adults, 10 fenales

and 10 males.

The cages used were ó inches by l inch by l inch. T\vo opposi-ng

sides were of nylon mesh, bhe other tvuo sides and ends v¡ere of clear

t/8 incfr perspex. One end had a corked ope"ring.

The desi.red hunddiües v¡ere obtained by using different concen-

trations of potassium hydrorclde solubions (Solon,on, 1-95L). Three rela-

tive hu¡nidi-tj-es were tested., 2O%, 50% and.8O%, ín eornbination ¡¡ith three

selected tanperatures, 4ooF, 55oF, anci 7ooF.

Âlong hrith each ten'perature and huuidity cornbina.tion, there were

three nutritional treatments. Sorne adults were fed on honey-, some on

¡¡ater and others v,ere not fed, The honey and water was provided by plac-

ing strips of cotton batLen on the mesh si-de of the cages (pig" 3).
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The cages containi-ng the nosquitoes were placed i¡ the hu:midity

chanber (desi-ccators of 1O inch inside dlameter) on plastic tra;rs (Fig.

3). The mosquitoes were kept in total clarkness throughout the oqperi-

ment. i{ortafity counis were tal*en every twelve hours.

ResulåÞ

The results of this e:qoeriment are given 1n f¿þfs XTI.



h'IGUtìE 3. Ðesicator i'füh Caged

liosquitoes, 2 ì{ith HoneY

an'd. 1[ater, 2 i',l'ith Wa',,er

Only, and 2 Unfed.
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T¡81,8 XIf. Longevity of Ca.ged A. vexens Adu1ts åt
Different Tscperatures, RsJ-¿live i{umidites
ir¡rd ûn Different Foods

Food
Temp.-sowce 2oØ RH 5oØ RH 80% RH

ô'? 8?t
4ooF Honey

t¡-ater

iiiothing

55oF Ijoney

Water

I\bthing

?oo¡' Honey

Tfater

Nothing

l. -D
L7 .t(ug)" 8.0(J3)

1

I

I

ro c lr.q\É / . ) \¿+/ I

4.6 (u')

L6"7 Q+9)

37.h fi6)

1.4 ( 3)

1

1

1

25.5rc5)

27.9{BZ)

à.0(17)

L2.3(tJ)

L9.5G9)

2.1( 6)

LL"t+(29)

r ^ ^/, ¡\tJ,v\4) )

1.9(g)

?.0(r5)

s.1(24)

0"8( ¿9)

I

1

I

rs.8(49)

L3,g$s)

1r.6(42)

16"9(40)

r 
^ 

a /./A\
I¿oJ.\Oö,f

1.9( g)

ro.2(30)
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1. avo of J reps"

2. maxi¡u¡n no. of day's arr individual surt¡ived.

oift 40 F death occurred r*'ithÍn one day at al.l- treatments"
o

?O-F, adults survived for various lengths of ti:ne depending on

nent conditions.

_ _o_at )5 f ano.

the treat-

Adu}t survival was greater rÅrhen nourishment, either honey or r'later,

was provid.ed than i,,rhen no food was provided.

Ther.e enneared to be little difference in longevity at the different

hurnidities"
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þ'emales lived longer than mal-es at all

maximum nunber of da;.s an individual survived

than for males at all treatments.

Án analysis of variance roas ,oerformed

1/TT1\r!,LII ¿l r

Souree of
Variation

treatments, end the

was greater for femaJ-es

of this data. (tau1e

TABLE XïII. Analysi-s of Variance of Data in Table ïII"

Ð.F. 5s ì'[. s. F

Temperature

Relaùive Hwridity

Food. Source

Sex

2 2]-.91',

¿ J"21

2 l-222,07

1 .400,67

LO.g7 .33

I"76 "IÐ

ó1r"04 L6.97

,^A Ar7 1l 'ì2
Alvvov I LL.L,)

36.OOReeidJ¿al_ _ _ ___ __28__-1008.0q

Total 35 2696"00

,-^t1r--d Sagm-ll-cAm a\ ,lr J.evel- .

Iü>posure to 4OoF for 2lç hours was lethal, Ðd therefore the 40oF

data was not used in the analysis.

The analysis of variance indj-cated no significant difference in

Iongevity of adults aL 55% and. ?OoF, or at the d.ifferent relative hr:n:ldi-

ties. Significance was

må.1 es.

Least significant

were used to loca.te crore

indicated in nutrition and between maf-es and fe-

difference techniques (Stee1 and Torrie, 1p60)

preci-sely -y¡here the differences occu¡red (taUte

vTlT \.ÀJv l.
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TABI,E XIV. Least Siqnificant Difference Analysis

Food Source

iviean

Difference

ïqn

se&

i'[ean

Difference

Teinperature

l.{ean

Difference

Iìelalive Hqn\Ldity

Mean

Difference

LSD :

l,Jater

lÃ 
"L./ 

' J

o"2

L (5iß, 28 d,f.) = z

Nothing

3.O

L2"3

x 36 x 2"Ol+8 = J"OZ

Honey

!5.5

2S"- x

;
Fæa].e

r4"o

¿v7o

IL.7

i,ia-le

no

A11

E <or.'

L2.T

¡sp : {.r0

znoF'

10.5 LSil I 4.10

80|16

]*L.0

th

50rl

11"1

o.l_

The L.S,D. analysis j-ndicates, as d:iC the analysis of variance,

tn*at 'bhere is no significant difference in longevity at 55oF and 70oF or

at the dÍfferent hunriditi-es, and 'r,hat there ís a signifÍcant difference

in the longevity of males and fernales. This analysis also revealed that

adults lived as long on water as on honey, but l-ived. a significantly

shorter time nhen unfed.

5"A2
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or u9e

4OoF death oceurred vrithin one day. Ðifferent conditioning

older adults may have resuLted in greater longevity, but un-

der the cond.itions of this erperiment, &0-F for 2.1¡ how's was lethal.

This in itself is worth noting, as the disappearance of ¡.\. vev"eqg adults

could be anti-cipated if the air and ground surface temperatu-re dropped

to 40oF for 2\ hours" Ad.ul-ts of this species seldora occur beíore Ji.ne

in i{anitoba (Chapt,er VII, Fig" 4), æd usually are not abundant until

later in this month, so in nature the adutts are seldom oqposed to 4OoF.

If ihe a,ir ternperature d.rops to 4OoF, but the gror.:nd. ternpera'bures do

not drop, the nosqui'i;oes find shelter in the surface vegetatlon.

There was no signif.'icant difference in longevity between moso.ui-

toes kept at 55oF and those kept at ?OoF. Both these temperatures occur

frequently at the tj:ne of year when {. ve:rqÌtq is åundant in nature"

The abitity of the mosquitoes to survive as long on water aJ-one

as on both honey and water may be partially due to the relatively low

activity possible in the test cages, If more activity had been ell6l¡sd,

the inosquit,oes given honey may have shown greater longevity, but und.er

conditions of reåtricted activity water al-one appeared to be adeguate.

The significant diíference in the longevity of those mosquitoes given

water and t:iose given none was to be e>rpected, as l'¡a.ter is lost in reS-

pi-ra'r,ion and must be replaced.

The fe¡nales showed significantly greater longevity than the

mal-es" In this case laborator¡r results can proba.bly be applied to

nature. .{t present the reason for the shorter longevity of the adult

&U

of
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male mosquj-to is not knor,¡n.

There were no significant differences in survir¡af- at the three

relative hum:idii;ies tested. It appears that mosquitoes can survive

relative hrmrid.i-t ies as lorrr as 2O/" if they have a moisture source avail-

able to replenJ-sh water loss due to respiration and transpiration. Re-

lative hwnld.ities as lovr as ZO'fi are uncorunon in the Ïdinnipeg area, but

d.o occur occasj-onalJ-y for short period.s of ti¡re. This e:çerj¡ent inùi-

cates that ¡!. vexans could survive zuch eonditions with no difficulty.

Tt is not su-ggested that the results of these e>periments indi-

cate that longevity of rnosquitoes in the laboratory can be trenslated

directty to survival in the field, but the da;ba rnay prove useful in the

interpretation of survey data as well as provide useful information on

cu,lture techniques.
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SURVÞY 0F I.IÛSQUI'IO POPULATIONS IN THfi '','f,fÀ11'IiPIjG .AAEÄ

Àdult S_urve¡¿

A nunlcer of New Jersey light traps l¡r'ere opera'r,ed in and around

I'íiruripeg during the spring ard suffiner monihs of 1965 and 1966 " They

v¡ere controlled by eleetric tining devices and operated from J pm to

7 am. The catches were eollected tu-ice weekly and the adul-ts sorted

to sex and counted. Tn L965, eight tra..nslüere operat,ed inside I'fetro

ifinnípeg. These were locat,ed at the Legislative greenhouse, Kildonan

Park, -åssiniboine Park, Brookside Cernetary, Charleswood Sewage Lagoon,

University of llanitoba, i'íi-ndsor Golf Course¡ and Lot 62, SL. Vita1.

;{s a comparison, for.rr traps were operated outside of the area treated

and fogged by the abatement district. These were locaied at the GIen-

lea Research Station, Oak Bluff, Lilyfield, .æd La Barrier Park. In

L966 an additional trap was operated at Transcona, insi-de ',,he control

area.

(a) Species. Classificati-on and Relqgiv.e 4þggdance

Twenty-five species 1.rere identified from survey operations in

¿¡s tåinnipeg area in L965 and 7.966. Table :(r/ gives the species identj--

fied, and their relative abundance.
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TåBTry {U. Relative Âbundance of .Adult
l4osqui-to Species irr iight, Traps.

L965 :.96_6
Charles-

Outside ïnside wood Outside Tnside
City _ City _ lasoon City Citv

Charles-
wood
Lasoon

-[edes vexans

Culiseta inorqatA

CuLe+ restuans

CuLex tarsalis

/iedes flavescens

/redes åtjmulans

Áedeq riparius

Aedes spencerii

.Ëredes fitchii
Âedes excn¡pians

Aedes ni-Eromacul-is

"þdes dossal-is

¡ledes impl-icatus

S.edes cinereus

,A,edes intrudens

iredes st_icticus

.¿Iedes earapestris

.A.edes canaderlsis

}|eges comnunLs

Ânopheles spp:.

Culiseta norsitans

Mansonia pefturbans

5t+.M 55 "6'Á 36"6% 3g"j% 3?.0"/í rÈ2Ã

30 "3 28 "Ì+ æ.1 n 3 23 .3 23 "g

o"2 a.35 5.9 5.2 3.3

1.8 3" 5 22.h 2.! 3"9 8.1

L.3 L.6 2.9 7.3 7.9 g.I

3"3 0.8 o.7 6.2 4,9 t+.6

L.5 1.0 4.9 3.? 1"6

2,O 2"2 3"6 3"tþ 4.0 Lg.z

0.7 0"05 0.4 3.O 3.L L"6

o,2 0.4 2"5 r.3 0"3

o.2 0.4 2"O O,7 2.6

0"6 0.8 1.9 I.2 1,3 t+.6

o.2 0.1 0"g o.g 1.0

O.ó 0.9 o"t+ 0,4 O.g 0.3

0.1 0.2 O. j O,3

O,2 0.I 0.I O,3

0"005 0"1 0.1

o.o5 0.1

0.9 1.1 0.1

o.2 o"7 o.3 0.5

0.05 0.1 0.6

0.1 0.1
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The species of adults ¿md the proportion of each speeies occur-

rÍng inside the control area was similar to the species and proportion

of each occurring ou-tside this area. This suggests a possible infiltra'

tion into the control area from the ou-r,side.

,'lith regard to location, the Cirarlesr^nod Sev¡¿gs Lagoon trap wa,s

considered separately as it i^;as subjected to a. different environment than

the othæ traps. Thi-s will be discussed }ater in the chapter.

.diedes ver,äns was found to be the most abundant species in the !iin-

n-lpeg area. Át times 3$. vexans conrprised a greater percentage of the mos-

ouito population than is indicated in Table XV. In Table XV the figures

given are average figures for the entire period of operation, }'¡iay to

Septalber. Figure /-p shovrs rtore clearly the seasonal abundance of J|.

Jffi. Dwi-ng the sunrrier months of Lg65 thì-s species compri,sed up to

85Ø of the rnosc¡rito population. the importance of 4. v9xqrlq in terms

of huinan anrìoyarìce is eraphasized by the fact that Culi-seta riryþ,
the second most comnon species, is primarily a bird feeder and seldorn

attacks man.

(b) Àdul;t -Fopu].a,tion Leve1s Inside an4 :QgÞsidg tbe Control _4re.a

FÍgr:re 5 and I'igure 6 jJ-l-ustrate the adult mosquito populai;ion

Ie;¡els occr-rrring inside and outside the eity in 1965 a¡rd L966, as

measured by light traps. Às e>pected, the greatest nurnbers of laos-

quitoes were trapped in loce.tions outside the control area. (See

Appendix f and II for individual irap data.)

Tilrc popuiation peaks occurred inside and outsi.de the control

area in boLh ]-965 and 19ó6" The first occwred near the end of Jrme and

the seeond. four to si:c weeks later. The Ji:ne popule.tlon was first observed



l+" lüumbers of åed.es ESgåÊ¡

Cl+liseta -@åta¡ and Other

Species TraPPed in Lg65 SwveY"
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in the traps outsid-e of i{etro l{iruripeg, then in the traps inside 1,ietro¡

l+ or 5 days later. This has been the trend for most years si_nce trap_

ping was begu:: in L957. This indicated that mosquitoes producecl outside

of l'ietro "'iinnipeg move j¡ some days later,

In Li6J, the first populat,ion peak insi-de l4etro -uv"innioeg was la-
ier but larger than the first peak occr:rying outsid.e the city (Fig . 5),
În I)66, the populatj-on peak occurri-ng about JuIy lJth lvas larger inside

the control district than outside it (Fig. 6). This suggests that ixfil-
'bration of rnosquitoes into "r,iiinnipeg was not only from the area i:nmed:ia-be1y

outside it, but that a ur-igration and convergence on',,he city frorc farther
off occurred. l4igration and. convergence of other popu-lati-ons later in the

surnmer are not apparent írom the graphs (Figs" 5 and 6), but they nay ha.ve

occurred over åJì. extended period so that the effect i^¡as not shor.rn in the

Iight trap catches,

(")

Tllree traps outside the control area were serviced daily from

June 17th to Ju].y 30th, L965. lhese traps,"rere locabed. at Oak Bluf¡,
La Barriere Park, and the Gl_enlea Research Station. The daily catches

are recorded in Áppendix ITf.

ils shor¡m in irig¿¡s 5, a po"ouJ-ation peal< occwred. during the last
2 weeks of June, 1965' The daily eatches of males and fernales from three

traps during this .oeriod are shor,nr in Tab1e dVI.



FIGURE 5" Nrmrbers

Trapped Inside

l,ietro i.ji¡:eipeg

of Adu1ts

and Outside

in 19ó5 Survey.



50
00

45
00

¡lo
oo

35
00

3 
00

0

o. Ê Þ G l¡¡ o- o z l¡J (9 É tr
¡

M
O

S
Q

U
IT

O
 L

IG
H

T
 T

R
A

P
S

A
V

E
R

A
G

E
 N

O
. 

P
E

R
 T

R
A

P
19

6 
5

IN
S

ID
E

 M
E

T
R

O
 W

IN
N

IP
E

G
 -

O
U

T
S

ID
E

 M
E

T
R

O
 W

lN
N

lP
fQ

""
""

25
00

2 
00

0

r 
50

0

I 
oo

o

50
0

20
 

30

JU
 N

E

ro
 

20

JU
LY

F
ig

ur
e 

5

to
 

20
 

30

A
U

G
U

S
T

ro
 

20
 

30

S
E

P
T

M
B

E
R

\¡ ¡-
-



FïC-URE 6. Nrxnbers of /rdults Trap-oed

Inside and' Üutsi6's l4etro -'nliinnipeg

in 19ó6 SurveYn
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T¿ELE i(Vf . No. of .tdult Aedes veëâ4Þ Trapped
at I Locations Outside the Control
Área, l-965.
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Dwing the early stages of the increase in population, from June

18th to june 2Jrd, more mal-e than female nrosquitoes rrere trapped (tabte
añ?T \i0/l). I'ron June Z)td on, greater nu.mbers of f emaLes were trapped. The

predoninance of males at the start of a;oopulation rise is due to the shorten

developmantal period of males.

Ïn rearing é.edes vexans in the laboratorl, it has been found. that

mal-es have a sùrorter developmental tinre, from lst i-nstar to adult, than

fe.males. l.emales usual-l-y do not emerge until 2-j days after male qrer-

gence, depeniing upon the rearing tønperatwe. 41so, femal-e mosquitoes

live longer tt¡an males arrd progressively make u.c rnore of the subsequent

population.
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The appearance of large nr.ir¡lcers of maJ-es in survey traps may

possibly be used as at indicator of population increases. No .,¡¡ork has

been published to date on sex ratios in field. populations of mosquitoes

and trap catches.

(0) Irlu¡r¡er F l.{al
t¡ ell Population Peak

The

tnosquitoes

populatÍon

ratio and average mrnber per trap of femare and male adult

trapped insid-e and outsi.de the control area d.uri_ne the fir5t
peak of 1965 (fig. 5) is given in Table XVII.

T.qBL,if XVIT. Nr¡lber of Adults per Trep and Ratio of
I'emales to " Iuiales of a'tl- Species Trap:ed.
fnside and Ci-rtside the Control Â,rea: L965.

Co]_lection
Feriod

fnside Con'uml- .Area

No. Caught Per

Outsicle Conirol ÄreaF:t'î T:ta
Batio lilo. Caught Per Trap RatioTra.p

M.

June 1-June 3

n h-' 7

r g-il 10

il l'l_ |l '1"

fr 14_ '', L6

't 17- n 20

n 21-n 2h

't 2l'- tt 28

il 28-July 2

Jul.y 3- " 5

1 n"1t.*

1 9:1

1 Ztl-

2t 2,j6tL

1.1 2 ?o.1,È *.J/tL

331 2"20:L

l+6 9"17:1

3l+ 11.59:1

31 IL.JZ:I

17 'ì I ôn.1
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The nosqu.itoes trapoed in the first three

mostly Culise'ba inornat_a fernales r,rhich had left
This accourfu for the larEe femal-e to nale rati-o

co]-l.ection oeriods l¡IêF â

^i+^^È¿ U (tÞ o

t{t

ili
r:l

$
Ìlìiì,

their overr^rinteri ng

^^^,.-*.i +^ Junevveul4r¡É qrv uv I

( l abJ.e J(V l--L ) .

The fenal-e 'bo male ratios oulsid.e the control areas stayed rela-

tj-vely constatrt at about 1:1 frorn June 11 to Jrine 24 (Table lCiiil). ¡tfter

this, the F:I,l ratio graduatly changed to favor females, and b¡r Jr:J-y J it

was 7:l fenales to males. This r,ras due most like1y to the greater longe-

vii;y of females (Âed.es females norm¡lly live about trnrice as long as maf-es

in the labora.tory). Inside the control area, the F:ivi ratio r¡ras about 2:1

at the beginning of the ,copuraLion peak (June 14-1ó). During the next

three drys, June 2L-2{, i;he inside traro caught ! tinies as måny females as

males and this ratio went up'bo l1¡1 (F¡I,i) on June 24-28. Ðuring the

sane period, June 17-2d, the F:i'i ratio in the outsice traps s'bayed at
/.'r . - -*--*\1:1 ('Iable XVII) and only cl1nbed lo Zzl by June 2L+-28.

ïhe sudden change in theF';i,i rabio (e:r to [:l) occurring around

June 20 inside tire city was due to three -oossible fae'bors: (1) more te-

mai-es than males migrated into the city, (.2) males may have been nore

adversely a-ffected by DDT fogging being carui-ed on in the city, and (3)

males nigrating into the city rnay noL fj-nd a proper food. source and. may

die withj:r a fer^¡ days, never reacÏi-ng the tra,os, Al1 of these factors

should be stuCied in rnuch more detai_l in the future.

(e) iifject of Precipit,ation ûn Ádult popr¿l-ation Levels

Preci;oitation is the most imi:ortant environmental variable affect-

ing mosquito po,culations, This is sho'¡m in Figure Z and Figr:re B, urhich

relate adult poculation levels to;orecipitation in the years 19ó4 and Lg615.



'IIIGURE ?. Relaiion of i¡dutt iuiosquito

Fopulation to Preclpi'bation, L965 "
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The ground water resulting from rtelting snow in early spring did not re-

sul'b in any å.pjrreciable numbers of adult nosquitoes, as can be seen 
-ìn

the graphs. 'Ihe first rise in the adult .oo,oulation occurred i-n 'i,he first

.oar'r, of June of both years. This v¡as three to four weeks after Nhe first

heayy spring rain, 'bhe tirne reqtti-red for mosquito eggs to hatch and th e

life eycle 'bo be cornpleteC. Similarl¡., the second poputation ;oeak occurred

after heavy raj-ns in }at,e June and July" The interval bett¡een a heavy

rainfaJ-L ån¿ a population increase lvas shor'l,er for the second 1:opula.tion

because of Ìrigher ter:nperatures. The t-wo po.oulafion peaks were made up

malnly of 4. Igl!gpË., a rnulti-generation species r¡;hose over-winterlng eggs

d.o not hatch durin.q the spring run-off, but hatch later r^hen the water

tønperature rises to an appropriate level.

l,grv4"_SurygË

l,losquito larva1 surveJ¡s '!ùere ccnduc'bed throughout 1,¡6 Spring and

summerorLg65and.Igó6,usuallyprorrpted.b}.heavyrainf¿ll'Thespecies

colÌected and their date of collection are given in þpendlx ÏV and V.

Table XVITI shows the mi:mber of d.evelopmental sites of each species sampled,

and. the :lonth in r,'hich the collections were rnade. The r-mivoltine aedine

species occwred. prinaril-y in the spring, 'wirereas the nul-tivoltine aeùi-ne

species r¡¡ere found througlrout the surcler. The ]arvae resulting from ovi-

position by overrrrintering fe,naf es of gglgg ar:d CqliqqLg s;oecies we:"e not

found in ap,oreciable nrunbers until July. 3! væ was fou-nd rnore freo¡:enily

than any other s;oecies(Tab1e )[VITI),

The larval surveys of L965 and 19ó6 reveal-ed 92 developmental sites

outside the control area æd 33 within it. the survey was J-argely restricted

to areas easily accessible by road., so nany developmental sites outside the
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¡tedes campestris
Aêdes dorsalis
Àedes excrucians
Àedes fitchii
Aedes implieatus
Aedes nigromaculis
Áedes spencerii
Àedes sticticus
A,edes sti_rnulans
-ú\edes -brichurus
Åedes vexans
Culex restuans
Cul-ex tarsalis
Cul-iseta inornata

iredes carnpestrj-s
^Aedes corununis
ÂeCes dorsalis
Àedes flavescens
Áedes fitchii
Àedes imf,licatus
Ê.edes n-ì-gromaculis
Àedes riparius
.Aedes spencerii
Aedes stimulans
Âed.es vexans
Culex restuans
Culex tarsal.is
Culiseta inornaba
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city r^rere possj-b1y overlooked. Usual-Iy developmental sites in the citf,

were smal-L and contained relatively s¡n¡.'ll larval populations, lùtereas

the outsid.e sites were large and. hence supported greater nturilcers of

larvae. The large nr¡rnber of larvae found outsid.e the eity comblned rtrith

the few Larvae found insid.e the city again indica.tes that rnany of the

adult mosquitoes found r¡,¡ithin the eontrol area were produced outside.

åurVry-qg - 
C-Lqr]-e qleod q

Sewage lagoons raay be considered. possibl-e health hazards due to

both their function as purifica.iion units of hrunan wastes and their ,coten-

tial as mosqt'-ito production sites. Because of this a light frap was

operated an¿ an extensive larvaJ- survey was mad.e a'i; the tharlesv¡oofl Lagoon,

on the outskirts of l'letro lrlimipq.

Tn'both 19ó5 anù.I966 sreat"er percentages of .þ!g tå-Ë,salis, con-

si-dered the primary encephalitis vector (Horsfalll , Li62), ,"e"e trap.oed i-n

the lagoon area than at the other trap loeations(Tab1e XIX),

i

ì



FTGUEE 9. (t) Strore of Chartesuood Sewage

Lagoon Celi Free of Vegetation'

(Z) sfrore of Charleswood Senage

Lagoon ir'iith Vegetation, lAaSlnS

it"i"iore Sg-ttabte For I'fosquito
ùvi-position'
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TABLE XllK. ReLative Abund.ance
I4osqui-to Speci.es.

of i{ajor

tutside
Citv

Aedes. vexans 5h.Z%

Cul.iseta inornata

30.3

Culex tarsalis
&.4 30.1

1.9 22.1,

=-4.X2

ïnside
ri -i &*

Charles-
wood
î,agoon

36,6/"

Outside
v¿qy

?o 2ø^

l_Yoo

lnside
l'ì -i ¿--VI U.Y

37.O%

Charles-
'lr¡cod

LaEoon
%

rg.2%

n"3 23"2 4J.ö

2.! 3.9 .el

ït is known that curex speei-es can deverop in permanent pools and
lagoons' and' hence a weekly larvar survey was conducted frorn l4ay to Ííepteri-
ber i¡ 1965 and 1966. Three of the five cells nrakÍng uÞ the lagoon rvere
exa'nined each week. samples of the water at the edge of the celr_s r,tere taken
every 10 yards with dippers, and the celi-s were also given cl0se visual
exanination' I{o mosquito larvae were observed., but it is possible that in
the vast e:Panse of water making up the lagoon, several hurrdred larvae could
have gone urnoticed.

rn rg65, fews ad*'ts hrere caught in the lagoon trap than at any
of the other traps ('appendix r). This rnay have been due to the grass in the
area bei'g kept sìrort ard the lagoon edges being kept clear of debrÍs (Figure
9-1)' rnLg66' the trap at the lagoon rated fourth in the number of mosqui-
toes caught of the thirteen traps operated. rn L966, vegetation was a.llqi^¡sd
to grovr around the edges of so¡ne of the cell_s (l-iguru" 9_2) an¿ tÌris vege_
tation may have contributed to the large adui_t popuration in the area by
providing shelter for adults and suitable oviposition sites for aedine
species as werl as Çurex and culiseta species. rn spite of the large



rta

aduLt population,

cell s.

no larvae or egg masses were observed in the lagoon
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i'iESTERi{ E¡ICIF;I ÁLITI S IIWES'II Gr.iTlûi\rs Ïi,i I.{Ar\n' OB,{

The western equJ-ne errcephalit,is virus causes inflamnation of

cells found in the centraf- nffvous systern oí horses, pri-rnates and

numerous bi-rds. In man its effec¿ is ss¿a.]ty rnild. and short lived.,

but occasiona.l-r.y pernanerrt, danage maJr be done to area,s of the central

nervous rysten and death, although uncomrnon, Trray occur. fn ]9lr1 àx

epidanic stn¡-ck man in southern Ìrianitoba and neigþbouring parts of

itiorth Ðakota a¡:r1 l'liinnesota, and over 3rO@ cases were reportecl r¿'ith a

nortality of B - 1l per cent (Florsfal-I, Lg6z). liJo epidenics have been

reportec in recent years, bub isolated outbreaks a¡rong horses end. oc-

casional hunan cases have occuryed. The occurrence of r¡¡estern encephali-

tis in i,ianito'ba i¡ the past 2J years is shovnr j:r lable ffi.

The first investigations on r.¡estern encephalitis in i'Ianito'oa r^¡æe

done by Dr. J. i,Íctintock frorn Lghz tß rgl+5. The method.s of collecting

and handling mosquitoes used by l.{clintock (1946), together r^rith his later
develo;oments in Saskatchewan, provided the basis foi" the present ¡orogrårn

in }'[anitoba"

The present prograra began in L965 on a prelinlnary basis, Lack

of funds and persorurel li¡l-ited the nrxrber of nosquitoes l,¡hich eould be

properly handled, a"rd dicte.ted the use of sub-o;otimal techrriques. In

L966t increased funds and personnel were avaiLable, pernit'bing more nosquitoes

to be handled and. perrnitting the use of more reliable techni-ques. the wes-
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tern encephalitis project in lufanitoba is e>rpected to e:<pand in L967

due to increased financial support and i<nov¡ledge gained. frorn past

e:qperì-ence.

The investÍ-gation is being carrj-ed out 'nrith the assis|ance and

cooperation of the t{anít,oba Depart¡aent of }íealth, æd the i,rinnipeg General_

Hospitel Vi¡us Laboraior¡'.

Desi-gn a.rd Orreration of i'¡es_tern Enceohalli:is Surve:¡ Tra,p

The trap used at present in fianitoba is a nod,.ifi-ed I',îer,v Je'sey

trap (Ï'iø. 10).

The tra.o consists of three units:

{r) " 
cylinder containing an electric rno'bor and fan, (z) a canop}r carry-

ing a light, arld (3) a screen cage tha,t fits into ti:e cyrinder to hord

i;l:e insects. 'rhe fan is located at the base of 'bhe cylinder bel_ow tire

Level of the screen cage. This drar,¡s the nosqu.itoes dor,m into the cage

r+ithout having then pass through the fan bl¿,des. The canopy has an

attached fixture for a black ultraviolet 1ight. Ultraviolet ligìrt was

found to be more attractive to mosquitoes than r,¡l.rite i-ncand.escent light (litSc

thesi-s, Brusi, 1960)" This is the major diffenence fron-bhe tra;.o used by

i{cllntock (19¿ó}. The cage consists of a screenéd funnel leading to a

cylinder, both of 1ó rnesh screening. The base of ihe c¡rlj_pd.er is a re-

movable metal- cap b;r 'v¡hich the insects are renoved.. The cage is su1:ported

by three me'r,a1 tabs lvhich attach :t. *ha rnn nr +he trap cylind.er (l'ig.

1o-1).

stop¡edThe trap was started and an electric timer. It was
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sta.r'r,ed at I pm and stopped at l0 an daiIy. Ïhe trap was etqotied as

soon as possible after daybreak to ar,'oid -bhe heat of the sun and its

subsequent desiecati-ng effect on the mosquitoes. l;ihj--l-e the fan v;¡.s

runni-ng, a sponge stopirer was inserted into tÌre rnouth of the funneL

to,orevent any of 'l,he insects fron escapin,g. The screen e;'lind.er was

replaced i',ri'bh an enpty one. The ca'bch was placed in a styrifoarn picni-c

cooler together u.ith a refreezable ice pack and- a rnoistu-re plug, and talcen

to .bhe lJinnipeg laboratory"

19ó5 Inv_estisation

Four traps ïrere operated in L965. Tr,ro l.rere os,€reted at the Delta

'ditd.for^¡l ilesearcir s-i,ation, another on a fa-r:'n near Gl-adstone, and a fourth

on a farm at Oal< Bluff, near liinrripeg,

The traps r"rere serviced dally ånd the cages l"¡ith the insecLs were

iru¡redia'bely placed in a freezer eÍ, -2OoC. This i¡rmobilized the insects

sufficiantly to transfer them to another container j¡ the fveezer. Due

to lack of penson:nel, the mosquitoes rn¡ere not separåted fro'n other insec'bs.

The daily catches of alL insects cau-ghf for a three week period a.t Oak

Bluff were pooled in a single contai-ner, and the sa:ne procedure r¡as used.

for tile Glads'Lone cabches. Each da;rr s catch fro¡n Delta was kept separatel¡r"
o

The Íirsects v¡ere kept at -20 C until thry were transported 'bo the virus

laboratory for analysis. The analysis technique consisted. basicall-y of

grinding up sairples of the insects a¡rd- forming a suspension to u-se as an

inoculu¡n for ia6¡¡se and tj-ssue culture tesbs.

ÀLL attelqots to isolate 'l,he virus r+ere negative (Appmdix VI). How-
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ever the techniques used in handling the ruosquitoe$ particularly leav_
ing thera unselrarated- from other insects, was unsatisfactory and. nay
possi-bry have contri'outed to the negative results.
l-oó6 Investisation

The encepharitis project .nias opera|ed on a larger budget in
1966' This allov¡ed the Purchase of necessary materÍaLs and permitted
daily shiprnent of mosquitoes by bus froir rural trap loca.tions. Equatly
important was the operation of coLlecting and handring of :nosqui--boes

v¡hich became the full responsibility of Mr. J. i,i¿gjç¿,

irour traps ',¡¡ere operaied tn L)66, and flrese r^¡ere r_oca.1t ed at
Delta, ijrandon, Assiniboine P¿¡ft, and the Charleswood Sel.iage la.goon.

several factors Ïrere considered in choosing a t,rap roce..tion. (t) per_

sonnel- rnust be avail-able to service the trap and send. the eatch -'o

'rflinnipeg. (e) tne trap nust be rocated. near a bus route.Lo have the
catch reach "l,linnipeg rapicily. (3) ElectricaL poi¡,rer rnust be availabl-e.
(4) rhe trap shoul-d be l-ocated. in areas r.rith large concentrations òf
waterfo'¿¡l- or dornestic anircals. tharles,øood and Ðelta rvere chosen be-
caì.r.se of the large concentration of migrating ¡¡raterfovd- ldnich serve as

hosts to nrosquito species cominonly found to transnrit l,lE . jjrar:don hras

selected because of 'bhe high incidence of iitri in horses over the past
years' Assiniboine Farlt in ifinn-i;oeg -!ì¡as convenient as a trap location
and the zoo aninals attracted. a large nunlcer of rnosqrritoes to the area"

rrsnediatery upon rtìr'ovar from the trap, the cage contai¡ing the
insects was placed in a styrifoanr cooler containing an i-cepack and- ruet

rags to avoid desiccation in trarrsport. Fnrnr the Brandon and Del-ta roca_
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tions, the coolen was sent by bus to id'innipeg" The time between s ervic-

ing of the trap and the tine the insects reached the laboratory rnras sel-

dorn more than four hou¡s. f'he tz'aps at Charleswood a:rd. Assiniboi¡e Parl<

were enptied i¡ the nornj-ng ênd the catch brougirt directly to the labora-

tory.

In the laboratory the contents of the sp1'êëa cages v¡ere transferred

'bo separate perspex cages. To do this the base of ihe screen cage was in-
serted througþ a sleeved opening a:rd the rnetal cap removed.. The fenale

mosquitoes l{ere t'hen taken individually -tro¡r the perspex cage r^rith an aspira-

tor and Ídentified to genus (AgÈgs, Cii1tæ, fu}åg-etg, Aqopheres). i,,fosquitoes

of the sarile genus ancl location l.rere ,olacecj in ¡iorld Health Organiza.bion adutt

testing tubes. Tlrese tubes r^¡ere shaken vigorously to stun the nosquitoes"

Ïre:nosqui'boes were then placed in 10 cè ampoules and. the ampoules"labelled.

as to da'berlocation, genus of the specimens, æd nugtber of mosquitoes. The

araponì-es were heat sealed and i-çrediatel-y placed at -55oC on dry ice. They

were subsequentl¡' stored and transported on dry ice r:ntil- analysis for the

virus r,,¡¿s carried out.

The technique for analysi-s consisted of grincting the sarnples r,rith ei'Urer

a glass rod for smal'l- sarrples, or rrith a Tenbroek tissue grinder for the le.rger

samples. Suspensi-ons,tade in the diluent consisted of 199 I'i'ith 30í,i foetal

caJ-f ser um. Antibioti cs used in the dilu.ent consisted of 100 units Bactracin,

200 un-i1,s Polyatysin 13 Sulphate, and 0"2 mgs. oí Neonycin Su.]-phate. Suspensions

were kept frozen at -æoC until rea$r for testing, al, r¡inich tirne 1,hey were ihawe

and centrifuged at 3000 R.P.Ì'{.. r'\11 atte:rpted. virris isolations tüere ¡rad.e in

cultures of fibroblast tìssue of cÌrick enrbryes, and r^rere conducied by the virì-ls

LabåratorÍes l,linnipeg General Tiospital.
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The m:,nber of mosquitoes canglrt ihroughout, Ì;he sunrlaer at -btre for:r

tra.c locaiions i s given io .+ppendlx VïI.

.All aì;tenpts to isolate i:he virus from colleeted mosquitoes were

negative (Appendix VIII). The incidence of lvE ín 11966, as deternúned frorn

the nu:iber of cli¡ical ca.ses j-n horses and hr::nans (8 suspect cases Ín horses,

none in humans), l,ras one of the lowest ever tc occur in luianitoba.
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À trap was put ui: by the Department of Entomology, University

s¡ I'fanitoba, to sa.nple insect populations at 40 feet above ground l-evel,

The trap (i"'i-gr.ru Il)-rconsisted of a number of sections of 2d gauge gal-

vanized. piping, 10 inches in diameter, r,rith a i.¡. ì-nch flare at the top,

exteitlilg vertical-ly to 4O feet" Suction was applied a'" the base of this pip-

ing by a l3ä inch fan pov,rered. by a 3/h horsepoiuer electric motor. The rno-

tor was encased in plyi'rood. and was bol-fed to a cemenù founda.tion. i'üo attrac-

tant was used' rnsects sucked in at the apex of the trap r'uere fu:rieled into

a botlle containing potassiun cyanide.

The trap r',¡as located at the Glenls¿ lìesearch siation, IÀ railes south

of f,íinni;oeg. In L965 the trap was operaLed 2L+ hours a da¡r and was serviced

d.ail¡. from i'iay lst to tiugust 30th. The mosquitoes caught in this 'brap r.rere

separa.ted by sex and- identifíed"

Results

The m:nber, sex, and species of mosquitoes cau-ght are given in Appen-

di-rc X.

Discussion

.åed.es vexans ancl Culiseia inornata were the species fu"appèd in the

carrght b¡" a light traPgreatest nurber. They were al-so the main species
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operating in L,he saile ä,rea, hor,,,'ever-bhe tight trap caught greater nu:nbers

clue to both the use o:fl liglrt as an attractant and 'bhe fact that it was

closer to the ground.

The nunrber of ferna-ïes of al-l species,.takgn.bhroughout'bire sulfiner

rr¡as srnafl, indicating that ihe mosquito ¡:o;oulafion a.t l¡0 feet was small.

this r.¡as sjmilar to the results rei:orted. b¡r Burgess and Haufe (f9óO) in

a s-br*rdy of stratific¡'.tion of prairie nosquitoes. rhe¡,' senllled ilosc-ui'bo

.,,,--,.r r*i nne .+ 5 f èet, 2J 'ieei, æd J0 feei, end- found that over theijuy Ul(:. U¿ v!!Ð a v /

prairie there \¡Ias a general d-ecrease in the density of all speci es as

height above ground i-ncreased.

0n several occasions relatirrely large nr::lbers of ¿g&q J9:<gflÊ

males irrer-e cåught, i3wgess a.nd äaufe (19ó0) also reporbed capturing

large munbers of ¿. xËÐ-E males at the to;o level of a verticaL series

of traps. Possibly the trap had acted. as a swaril m¡rker. Iiale rnosqu.i-

'boes frequently swarrl over tall- trees, chJ-trreys, church steeples, 'and

other such objects v¡hich contrast r,¡ith the backgrornd (Dor'¡res, I95E).
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6ó

occurred, did no'b co:r',-a.i¡ er:orr:,h 'insectrcicle to kill" larrrae bl¡ iune"

.¡i-bh o,re e;ccepij.o;r (Sample ü), onl;. the seli',;ies 'Laken fron perilareir-L

pocls resul-tec, in at least 9o;f :;ror''Lalit.r in bhe tesi: j-a-i.¡ae. The

saaples iaken fror:r teiir.rlorari)¡ pools :enet a-,-tr' rr:suli;ecì iir l-ess iÌ:an

t¡:: .^-^.i.r-ì-i-r--" 'iÌriS ircliCaieS tha.t fa-l .t- tfeaine:.t of t,er,:ôr;ì-,.rr noo.l s. ¿rrrù r..tatrvc.UEù U:tcU t_d-L.,- UJ"Cd,tJJ:lC_. _ __

a:rd di-bches does not qive control in June. ihe t,esis irå.äe on ihe
-'inlæ ap ,lica.iion oÍ æ:; -)DT r¡er,- .-i-crr-t i-be :ranul-es .ilso ind-icaì;es bet-

ier contn:l- i^¡.rs obi,ainec in i:er.manent than iilbs.tporary pools (ra'cle
.-\

,r-r-L-LJ) "'i'he apparert tørcenc¡' of 'b-re insecticj_de ini:regna.ted granu.les

to be camied. al,iay wi-Lh run*of f r.¡aLer suggests linúi;ing bhe use of ihis
maLeriaf- io'oer;nanent a;rd. sel:ú-pe::inaneirt pooLs"

Tal:le ii[ï*B alsc shows the effect of a hea-,r.'¡ ralnfaJ-]- on tire

effeci:i'¡eness of pre-season insecticide a.oplicatiorr. The 2 incir rai:r*

fa-lL occui'ring betweer s:r,:i:li:rg cìates resul-Lecl in a cleci'ease in effec-

l;ive¡ress of tìie j nsecticid.e in hal-f of the semple at eas. TÌ:is ÏÍas pos*

sibl;r due to diru-tio¡r of the insecticid.e a:rcl f"uL:iher loss b;. run*off"

-ådclitional rainfaJ_l- bhro,..rglrou.L the surllre" rvoul_C possibi_;- resul_t, in a

fu:''i:her deci.ease in bhe eÍj'ectiveness of ihe i_nsecj;icid.e"

!is-gnp-p-ul

ire- see.son ap;ol i ce;biorr

eil'1. o,' sê.'rì-nol.ns¡rani. n¡rl q

insecl:icide should ì:e I i;nlted- io lcerna.rr-

seconC i;::eaLriLenì: rqitìr i itseci;icide shou-id

ol

be consj.dei"ed bef-'ore'tìre su-rffner is ove:r* i,ar.vae of 4giiçg llg5j;âÞ,¡ bire orirrrar.;r

pest speci-es in i;ire irinnipeg aree.r do nc.t occi,ü: u:r1,il- Ju¡e and ar.e foimci.:nai:rl¡,

in 'Lei,-:,;oi'ar' Ì:ools" therefoz'e, it ai:pears ihaL a pre*season -iirsecf.j-cj-r1e a;r:l:l-ì *



T
t?

caì;i on i^¡ould har¡e a, l-iriied eííect in controiJJ-ng Lhì-s specles*

¡ì-{ai_r,ri -'i q+ q!*i¿i..-igiç¡-r! :J I ip+.iç.ei Ð ¿n q 
. 
i,ì*i,;qil_ a L j o r s

Isüqsg

;¡n er¡a-l,uii:io¡ of vêì.ri orr-s cilerrica-l-s .,r:r.-ì .iornr-i-L¿rt,'i ons, i:o-tÌl nei.u

anc irow in '¡ser lJas s-L¿:r-lec. -r L;re sür:r.te-í, e¡:i i'¿li ojl -l-9ó j aniÌ coi:f ilued.

'-uriii. iÌle fa.I,l- or i$óó. jrlas'i;ic ¡rüllts¡ _L2 incl:res in iiane.Lai, ¿¡ci J:Lnci:e::

cLcep, -úiere :ràr-Lia;l--lir Íii|ed 'liill so:Ll (J'i,3r-rr.e i"2) . TÌre n¿bei.:ì.al_s i_.ei:rS

s'i;adiecl'!.;e1-e q:-,:ìj-ecl ¿ì.t recoji:tìenCei:l fielci r'¿i.l,es o::, .in1,he ca:;e oÍ:rer,t

i.nsecti-cir-les, ai r'¿Lr'J¡:Lnå; rs.ì;65, -i;c tiie slirÍ'a,ce ojl the scij. in ine pa:r.s 
"

'r'he r¡.ierial s tes-l,ed-¡ i;lreil ic¡r:iu-L¿.tions ¿'rnc.l. ïr'.r1,€s oi a¡:: lica.i;ior:, ;i,re

gi-van ii: 'i'a,b,ie l.üiïr"

i'¡oi:rnu-iaì,ions ani "Ììei;es o,Í i!¡ ,.L¡c¿,lti,cr:
of i'iai e¡ i al- les Lei t:: _i g:, ¿ji.-l_ ltóó .

-i:tsecL:L ciäe jror:rul a.'l;i-on
"ia'i;e o.i

-'9_.:C_en'L 
r'¿:L-ì. C; : -,,rO-l--i C :,L:-t,n_*_r*#=:'j: _**

J;'-I t!

tl:i

.LU,;,

-l tr:ll

i:i
l:/:
-1-,t

_l :.j'

Ì'io- 2 i'llel ü:11

',!
1'jO. ¿ .'U¿I U}-L

! eir-Loi:iie Llranule s

V ei':l:-cnL.iie Granu-l-e s

G::¡-:nu-ì-ar

Coi:n Cob .iii:¿:i',-ùes

Üorn Coi: ilra¡:liles

Co-ril job 
'ìrsnuies

I Saf / ¿rcre

l- Sa, ¡r acre

l_-u _LÐs / 3.cre

/
-) rÐfì / e.ci:e

,<U .:ri5 ¡ ê'.C1:3

; -LilS i/ A,Cfe

10 -l-;;s f a"cre

2-Û lbs 7 i:-cre

Io ies'L the

in'Lo i,he ì-abor,a.tor;'

eifeciiveress

c:lce û. ¡ioi-rtli

or' -rire inseciici.iLes, iìte piì:ls =,,rcre brcr_r¡;Ìl r

arr,.j- ÍlooC.ecl i'¡i-i:h cìisLj-i.r-eC, wa-Le::. ,ien l¡th



ii-ts'úal: ::, -l:q..x.+l_Ê, -l arv¡,e r,;eïe,-¡Ìec eiì -i:r

;itcrÌ,;rIi ',.:.' ccll,n-l; s -rier.e ;lacle"

i;esi¡,-l-'i; s

¿i:ìj

¡.s :¡Ë;.s..-i.ì-eci

¡'-i :'irr,- -l ?_ 
-ì ".:

lle loss

1,.,r '¿ìr e tr,ecrea.se

! -rir- -ujle ùU-ì:VeS

eil:.'e ciive:r ess o_il

:Lrcr"L,r:) -i L;ir o-i.' 'i,he

'Liri s ¡5::ai:ll si¿r I

rìl

:ì-¡l

on

,:Lli¡ in -j t,s \¡::ri ous .icrmui:iì;ions, reiained its eífeci:rveness

beiiev th¿u: the oiher che;lical-s. The t',ro granu..âï :icyi,-r-úat,i-ols :,î or.]ï*

i:entcui-L,e ernd verqicr_ili-te, kil-l-ei at, leasi g\ít oî lhe iss-i, lanvae ¿.,i-r..e::,

a J¡e¿ìlr ' These Ícrirls Ïei¿-r:ned iÌrej-r e.i-iect,i veness th::oqqiro-r-rì: Nire ,,,,.ù.lier:

¡,'¿'r-,h ¿r sli6ilì; loss occi::::r.ir:rg ir:. tile s1ïírìÌer" c-i 1"9óó" ilhe -l_5i1j ùrii:i_¡: iijo,

2 fuel 6i-'l rsiç-r.ined- 9C;, e:iÍ'ec-L-j-,,e aj'i,e¡. i? r:oni,irs. Tlile ?;í nnf ìn iì;-e_L

oiJ- begarilbo clecr.'ease :Ln e-ffec'Liveiress aj.lte:: a. r'rrolli;ìlu a-;r¡:L ¿-i'le:: -r ?

iro¡riirs ii. lci-l_1. ei. o:--'t_;' jA , oi ,¿::; iesi, -ia.rva,e"

iiursl¡an s'Larted to -iose j-'L s e-fiec'L-i veles s al-i¡:ç...'i; i;:¿ :eiiì ¿¡.i;eil¡ ;:i,

,:i-i ',hïee raies; oÍ e;o;-rlisa;lion" :iif.i:er rlle fi_rs-L tjrree ilon-bhs, iÌle j
por-urcl per acrÈ a1::rlica.i,i on kii_Leii o:ú;r 5,,ti o,i' bhe tesi: la::i¡¿le" Tre iC
jjou-nd llel: acre a¿:':licabio;i cf rlur'sba:i sl,ci,¡e¡l- ¡. conti.ural- ,ieci-:-ne jn

erÍeci;ivej:.erjs rrn't,,Ll aft-,e¡ ij tonihs -Lt, r-el.r;:::eij. o.llJ- ;ìo, ei-l,ec1;;-ve,,

Ùu:'sb.::r s.i; ?o i-,srlniis -)o;. ¡--!.cïe r*a.s onJ-;r sli¡¡iitli, no.i:e eilfecti ve t:,s:i)
a.jl-b er -l-lì iri,¡n'bh s "

ll ¿"]- i; e:1, aj; 2Ð j,1oi.L,ïtci rì irÉ.rj:

i,i:e -¡rL iri; e:: bu'ì; clec_Lj-ned r.e,p_iü;;.

iL .:i1 eci oi:.ì.-' jl , oi -ll:: -Lcct

j-'l;-" e.',li eC'Ll¡,-e,'.t eSs Or¡?r

o:" ;o ¿, rc ':a-LrrL t: ^ l:.,..-:

i:lonil:s.



i,'i.a;i.iiìl! 12" ?ans of íSoi.l Ü6¡1'¡ain::¡1

ll-1,i jl erent -[nsecii ci ¿i3s -Lr:-;LieíL

a;i, jriel d ria-les,
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5'I*'rl:'E I 3. ì 'olta.L i+,¡' 1,rç¡ i:o "i' if í'l.'l'triì:

theric:ls Àfter l:lnosr:re llc

lietu,rel- C onc].f i,: o:ns '
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Q+-scittis-+gi

'i-hese iesis j-ltci.:lcai;ld '¡ir¿lr, JilT il irs i"rat:i_otis ,i'cy,:rrul¡¡,.i:j_cns lt¿is

a.'l-st::'a*,' resiriua.l eí-i'ec''i-i,l:¿:,:: ir¡,';'ieli or Cu::sb¿'.ir a:tc!.';iieïeibr"c,is rost

si.i''¿;.';le for ¡::'e-seescn -i:isec-[i.c-i ie a.j--,,r-] :i c ¡:ii-oi:.

'i'i:e r.¡ef iiii;;r o,i bilese ccìri:fr¿rr:i,so;r; in 'rgr:rs oI I cr-L.ge,"r-Li,;;. o',; ihese

chel"nca*-l-s und.er na.ì;-.i.re-L co¡rd.i'¿icrns is ;io'i il.eijlit,e. The cjienic¿*'ì-s in

'l,iris e:,,rreri-:r.eni .irei- e e*-æosecì- io t,he s¡.tiie -b se,oe::atu::e l1 i.rc''c,"r¿ti,j ons .:,Íi

1;hose ¿LÞ.rl--ìed- in Ì;he íÌ-ì-eid, l;ri'ì; the effec-¿ oi pr.<.:ci-,,,i-t:,¡ion :ra¡. ìt..lr.rc

been ,-li ssimlar" Üheilic:'is in the fiel-cÌ are affecletl b-¡ i'r-ra.*oÍi :-n

ihe spr-i-nl; a::cl aiter' i.ea-¡j. i',?:Lirs rir-r:il;; 'bl:e 
:-;r-1 .--.el: iriij-le tite cireiiiie¿ì-.]-s

i-n ilri:t e.*"pe:riileni: '',.,¡ere onJ-;,. efÍecj,g¡l t,¡i:en sri-if -i ci.:-cl, ;r;:eci..r:i-;¡j;i.oit occült*

ÏecÌ -uo cå.Lr-sje tÌie'pa,i:s ic; ovei'it-cu"

;\c1,ria]. lJìl loss rJr,r fr'¡¿1nu-l-es LirCer" D::'i'e::eni Conoi1;ioiis

irsliiq-d

'I'Ì-le -i-irsccticíd.es useC ue:r'e ccieineci f'r.or iire iien-ro

cì-iit o :-'ca;1, elenf; Cotr:ri ssicir.

jiÌlrìi jjijl.i

l0ü grans of ber¡L,om'l,e and 3C ar.*-irs of vernicr-:-l-j-te: _LÇóJ spril;

stocl< (zg"3O:i D¡T), -l¡e::e t.r,laced. ir-l óo :resh, I incii c¿¿l;nei,e::, ì,:re,ss scl:eln

iiscs (ì¡-i-G" :l-ir.), lriese c'Liscs çsv's Ðlâcec1 ou-,sjicie or: il:e 3r,o-Lrltc'L j'ri)rr.i

SepL,ei:rbeL:, L+í,5, i;o ûciobei:, f-?3ó. tan,ries of 'Llre ori-gi.::ai- ,it¿¡.tet j-a_i- i;ele

l:epi in alr''¿-i'jt'i con'[ai-:r.'ei's e.L r.ooill te,tlerai:ui:äs ¿;s co::r-tro]-s.

Iir r'.1y, 1.965) on€ j)j.nil oÍ ver.iiij_c¿-l ii;e, -l_?óó s;r:yj_nE Írio c's. (3O -;Jrj,,:,

IJD'j), ?rð-s ù-Leced. ::r ¿r AScr* x.,dJsa, ti,) tresrlr n;ilon or,qa.ncl;l, ba.i1 anc- ¿.nclorciÌ.

bd-ou .l-,ile su.ría.ce r¡i ¿r. -i:r-,ìa;renb irool" -ilr r.¡¿r,s 
'l efi i-¡rr.'ersrcl. irn'bi-l Oc'ì,oirer,

l-966, ¿s ¿ì cori"[ro-1, a s¿m;:l e iç¿ls s'Lored a-t, rooi.-l tetrii.rela;bur-e in ¡.n ¡j-r'iinilt

co ni e:Ln er,



î:r

;lJ*i sæi.:l-]-es, i,ie1'e 'i;es-,,ed- b:," fhc

'LÏ'd-", :;inll'-peg, iu ìrl¡vä]'r¡er oi' l-t6ó.

*gqt+Jke

-iiei:erce;íLûageoflJlTb.¡'1'ç¡-a¡"to;''-t'hesa4,,lcsisEiL^¡en-lr'ris'b'ie

iü-i]:i"

I.l,jj-r"'! ;';irr-'" j,ìÐ'i Ûo:r],ent of Gr'¿;ruj-es liubjeci;ecì -Lo ri;rious
uutcLcoil Conði1:i-orrs, Tesl's ii.i¡3 i'¡ovto-'ire'', lÇóó.

L¿.'lcr a"icrras

¡lllri ._a'r^ar1/v) ¿v\2vtr

ì:ig_rSg" iql "S$cL _ilr q qtee*

Ver:icul it e-ürigitral ;i

V er¡rúcr:-Ì ite*Üolri: rol

'i- 
ei-:;licu l- it e*'i r e abinen i,

* e;çosecl in sc::ee.ir liscs for I yeai'

lientonil,e * Control-

B entonile -''i--rea1,tnent

* e:.,posed in screei: cLiscs for I ¡rea^i:

1?óÉ- Ë-tosl("

ìíermj-cu] iì, e-C'rigì nal ìiii

'y's¡¡¡ 1 çurl i'be*rJcrNrol

V er','r:Lcul'i t e*'i're eji¡le,r.-i

*" irr n-y-lon ì:il,gs at liie l¡o-i;.rol;l oíl ¡"

Perlil¿Ì'l eni iloi',i

.1.^r-.ì i'^*,- .^..+ ì..., ;,r
Jt! \)\)!!tl-:\, ,) P.. ..r

,ì^ a 
^.-/ ÈJ"

30"48

)c !:')
.-/ ë /t¿

I ? .ì,¡

1a l"!

ju. öu

?Ô ¡?

t

-):- ì.esbeC, jeru:r,¡-.r ]955 ::í+i igsi;ç¿l jtnuil,r¡r iÇ$$



ir_Gijiiiì i¿., :ici:een ùiscs Used To ilest

ÐÐ'Jl -ir:rpr egua'',, ed.'l'r¿nu.Le s -;ì.t lxi:o si-ri" e

to I'iatural- Corulitions" In tesi:,'Lop

scT"een cor,rpie bel;- cot'e,:eC bcl'bo;¡l screel'l

co :r'L ì.:ra:i.nln1 ;r"enuie s.

ì
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?he r¡e¡:-nicuiite a¡rd beni;orliLe 4renul-es los-b none of their" Ðll

co;rient cLur"i:r? .1 l¡eaïls e:ços-rrre Lo naì,1;i"al conditions in 'Liie scr:e;en

di scs. iieiiiter oÍ 'Lire i-:Jo ì,1riç5 of ,;ranuJes haC a. I oi.¡er' :lÐï conj;ert ¿lfi;er'

erçposu-re ic the iuburaj-ly occru'ri:r¡g t,sice,:aii-i:.e ÍIuctua'licirs e.lln :.::eciOi-

tat,ion ti:air the co:ri,r'ol seriÌoles" TÌ:e sJ-igÌr'r, dif f'eretrces in jiLlT con't,eni;

of bhe sanl;les car be al,'Lribubed io vari¿.iioi'r i-n i;esiing.

The vertticirliie ir-nicir r¿as ilinersecl in å. 1:ool for ó ¡lon'ì:ìrs iost

acouf jf,;' of ii; s JJT conienj:.

Ðiscus sion

'lhe ilDT con'ben'i, of venrricr;,liie and benionite Eranril-es rer¿ined

conslai]1: duri-n:1 ieilrera'l:ure flu.ctuaiions, ff ai:r,, eers i;haL r¿inf¿l--l had

liì,-bl-e effecl, on rejroval of iiÐT inì:reqnated- on Nhe ver:'niculite ancl bei:*

tonÍ'Le gra:rul es, ¿ùtiiouqh in the scÌ'een di scs tÌre lar-ger. ra:n C.:o¡.,s were

brokeir u- before reach"i n3 tl:e 'ra.rbicles, a-iC. f:.i-s r,ìa]¡ ilave d-r-minisired

'bireir erosive effect,

iire r"ela.ì;ively large loss (30.j) in ÐDT coni;eirt of Lhe veririici:lüe

iti:ich was irnnlersed may ira-ve beeir dne io the abra.sive actj-cn of the i^¡e.ier,

:ic',,¡ever, ihe conC-itio¿rs tnicii these ,arLicles rvere su.bjec'j;eC 'Lo are un-

l-iice i,irose wirich ;oat'iicles useC in norral- control p:"ocedtrres t"'ouid. re-

caive, âs l¡errlicu-libe narticl-es ÍJ-oa.l,, anC heace ivoul-d noL be exposed1,o

the a.bra.sive ac-bion oÍ' l.¡aie:" j:c sLrch a:r ercfent"

'j'he fact Lha.L, Ì;here l.ras no loss of D.DT con'i;en-L oÍ'¿he veri;ii.crúi-ì:e

(or.iginal iesl ,ia:r. 1-9,35 - Zç"3i,Ð afier.almosL 2 ¡,ears sì;ora.ge in r:a1:er

bags at o'-rtd.o¡r'i;ei,rera'LLlres (i:ov" ]-9ó6 - 30.O2id) j¡dica.bes Ì:hai Drllt'im*



irjJ

,li.egl.la-i,eci o;r veir:t-l cuLi're i-* sirabl.e ånc noir-t¡s.l 3jj is, a.irii ïe'!;¿i;rs iisr ejl:"ec*

i-,ir¡eness for aj: -l ee.st, 2 ItEa-is ¡,,-i:il-eï' n'lrnal, nü:ra.rÎe co;ili,'iiol:ls.

ùsq qf -Ç-ll, !¡.?el.ied .D T h:g*g-.!qrid¿eq-

Lnoij-*i¡;e oÍi iiie ion¡¡ ie::'li ei':l-'¡.ic|lveness o-L- -i-rtsecL;j.crci-es i"; iäpor*

'ban-i, in d-e'¿errrúnirlq ihe rl.Le, ì:i.:-e, ;:1cl ÍreqrLellcJ¡ of i¡i¿li;'a'i¡ilJ-i-ca;L:Lol:1"

.l s-l,ud;, of JllI lcss b;r ÐD!-'it1pi'e.qnated r'rs¡ìi¡i¿u--r.'ji,e ¿-'.i:å';'eil-i;o¡il'¿e.1ral:illes

-,,iâs .!.i1Clr b;,' usiltg ljr,r'I labelieC '..1i-iil 'i;::e :ra.cl'i oisoio'¡e C-l-lr' 
"/er,riic"'il 

j--Le

anC. lten¡oniLe ¡lrarul-es.r¡ei:e:t,l-:.d-ieå becai:,.se'i;ile:-.e:rl:ii.,i::lji:ùs :-:.r"e coiluiiollì-;v"

i.11; gd -ì-r1 coil 'li:r I o ,ìer iì';i on i-r' .

i:ç-tlc{

'i'¡e .re1ì¿j.r-'e:Ì :¡,rLr1,i.rnÌ,s of I;ecÌl:ric¿-l- L:lT ,,';e¡'e '¡¡ei¡,ÌlLed ancl clisso-ì-çei'

'ì :t ece¡,cne. -ì-'o e¡.c;: o j, fhese s¡*, l-u-Lioils) crre jlor: Itel:'r,j..cul i-l;e -l i¡trri'eSt-i¿ ricr.¡.

ån61 olre ib¡ l¡er;ii-clti,,e i.l:tir::e.1;na-b:i-on- t/5 r¡t" oÍ Ü-Li laì:el:ecl jllJ'I i;as act-il-eci-

¿1,ruÌ tj:e sc-.-l-i.,--L-l-ons tçe]-ì- s-L-i-i"red" 'fo ilr:',:i'el.naie i:Lle .'11'e;ti:-l-es, 'ihese eoill*

bioüs ':dei'e :r,i¡r-1¡'erj. :l-nio bea.fte¡s c.¡lL-¡alllririi bile;.i::a-lluies ¿Lllü-','tÛ'r'e ''r'e'L-i' ic'¡:eci

ì:o insure c;ve¡ r-ìisl::lblrbion" iÌre;v'r,';ele i,ìreü ieii rin1,j-l-'Lhe ircc+uolìc €v3'-

porai.ed..

1i:e vel,lL:Lcul-rie i:ai'ticies, 3C"-ó0 nesh ,size " ':.!'': ...r,ç:r.e:¡ra.i;eci r'd.'Lh

ùÐi eciu¿i tc j0., o,l' 'Lìte corrik:-ì-ireC ve;::iiici-l,-l-j-i,e*tlùT',';ei.¡;iti, a.llci1,he bel:ic¡n-i'¿e

par,.Licies, e-Lso 3Õ-'dl nes,: siz e2 ile! e ,l.tioi'e;qn¡ieC r.çi ui: )ÐT a:':rii;",.lLin¡ io

l-C;, ojj t,iie co;:bineC ben-ìr-.'n-Lle -jD'I we13x'ir"

1Ìre crr e d, voi:nicu--.1-i.t e 1i:aili,r.-r e s ="iei-e cÌi"-"l-dr eC -Lrr Lo

.niei-¡-;iri.rl: ii :iL.',s ", ¡.llÌ 'rle ';leiric::li"'t e ';ta.s cl-L-r¡r'-l-*d ttt'i" 5í-l

eacÌr. ,ija.cÌl s¿¡-.:'l-¡l e i;ai-s 1:l a.ceci :-n ?.Ì1 :l 2ri ì:¿-,1 oí !C :,iesll



-

,)i)

f,ias s eì,,.'YI r':i,'Lil c o-i-'io.n i,Ìl:: ee,cl- "

lì'ifieen lt¡].gs e:.cìt o-i i:enL',oni-t;e a::i '¡er':]icu-l-i';e 'i::ani-l-es i.jji¡-'re¡;*

a

n;;becl- -ur:ii,h r¿i,.:,o-a.c1;ir.¡e ,,lT ite:'e ',1-aceci e'L *2'l C j-il -'-:le I ¿þoi'¿';i;o::i' ¿¡'s

cc::1,ro-i-s" ïhe,:e::'ai;::n,q ba3s't;eÍe ìr:Lacc'ì ç¡ti¡:-i r-ì'e, ol '¡'jir'j-'r !-r, \ç56"

Ji:ese r,;ere l;ieC io a. ccr:ci Coiueciiil¡ 'l;',''c s,ri:i<es â-iiC 'ríeÍe in colli¡lc-L

r'dr,ir i,i:e gror-r-iLd.

'.'j:r,ee b¿l,qs eaclt o-i' vc:-i,rj-cü-l.j'Le ¿i.irr:Ì bei-r.torr,ì-1.;e i;re,:-rrúos t"'eie

'c:tit¡l:i:t-'rlriol;lal-all¡r¿r'rc:'i¡eÏÈl:'¿:''L"''íri'ieel{su'rl;'i-l-''ìu':''u-s-i-l-ij'l'95ó'

'fiie granuies 
",;e::e 

.¡ej-giiecl. and, ii:-,iï e:l-L::a,ciecl. ''Èfìl benzei:e" '-Jile beir-'

zene coi:.'ll:l;:.rj-iil: r,iie e::Lr"¿cied -,iiil'ut¿is -'ùhei-l Ill-¿'.cec1 on coprler" riscs a:C

lefi to C:';, ¡t, evellof ijLj-ci'l , 'i'rre rxi;ioücL:-vìi¡,' oj' -Lire illT resiclr:e -j-ei';

on 'i:i:e il-r-scs l,,'ärs iiieå:u.r-z.ca b;' ¿1, iil;-c-ì-e êi-ÛÌi'ì c¿-r,gc aLt-Lc..li¡.'r;ic rea.i-cul trel,¿'

gç¡_ilt el: 
"

iree,,.,-tLå

-fìre j-oss i-1 flî, ¿'s lileasÌr'l:'sçl Ì;rr -i;re citarige :Lii r'¿cii oi'rci'-ì- "/"-ì-L-j'r 
1s

:r::i-ven -i r 1¿:ble içr',rv" ?ìle cir¿itr:es occttrl:-Li:q l,t;i 1,-\'io ìJcel{.ini,eÎvals T'ieÏe

snai--ì-, so si:li1ar coL-rn-Ls -'ior ¿ nr-r¡doer of r+eeks'i"?-er:e avÊilaged-' lire iune

2,/-L¡ rea.c-iiirq of 'uhe e:posed. vern:Lcu.liie -uvas not used as i-b rqas sl differ-

enl, frorn Nhe otlter readings i-'r, seel;lêci ¡:robable tha;L sorce erroT'had been

ri',al.e 
"

lhe ic::cartage'loss of DiiT in bhe control sÐ:ü;-r-ls5 was ió|¡ Íol:

ver-riicr:.1i'rep ånd 30i; for l¡arboniie, grån-r"rles"

,rili:er ó u,reei,s e...itosure, ifie ver,lil:Lcr:,..i-.i;e had- lorri, .r."2;j or i1;s

DIT coi:ient ,'in co:,tira.rj-son ';d.i;li Lile ori,i-L:lê-l coni;i:oJ-, a:r'ù ¿lÍrieL: I ¡i '"';eelis

L.ris itaC i':i.seil :'o 3L;¡t" loss oÍ N1,r'll ccnien'r" :ìince ¿i:e conir:o-L l-os'i' 1'-; '



-

rii.

oí i.,r,s lD'i co¡ri,eni af ur:r lr*i llont,i:ri, tÌle ioss oi' -r'lÏ ':ì,i¡'e 'L(: el"'+Lìsl-l-i]tÌ 
.Lc

',;ea.ti'le¡' ioa.s lL5;,i "

'i,bi.í :i-l,i-V " Iiacli-oa.c j-ir"ri-i¡: 6'i' ü-l-rr i,¡.¡el- ci" IJT ''';-çi,::¡'c--ied'

V eL:¡i^ì-cl'i-l j- i:: .ltliì . ' e::,i'l¡li'i;r; G'¡:¿rru-ie :; iìxr--o:; ed j ri

ì ,'l cil -: ¿L';s ( lt','-^¿', 
"

., ¡ 1 :.-'¡¡ r,. c i:i-if .:.:h : ._1_:t"*:

iler';iicäli'b e

Ðat_e__ _ _*- Ç-q+¡tq--l** ***,,::i¿ci*eÈ

:ipnl L¡ lOi 21,2

]ip¡il l-Ç

åeãtojiræ

tonì;nrl- *-.ix¿qs-ei¿

l:e.r/ 2

:. l /i:8,-l¡ J.C

i'iai, 3C

Jr"i¡e L)

juire 2'f

Jrri;'l )-2

{i r.-ll-l' /-t)

i{1r.,:;ð }Ll s, ó22

/ r\ttt-
¡ I v'J --'

í J ()ru

'J 9vt)L

6r"i3L

Ej ?i7

Ytl¿a

{)', [ì0C

'' 3 '*-t---

9 / "'-

:lp.L5

3,A37

2ri_?,:s

) l,i,()
' I ''j-r l

i" 

"l'i 
! ,

'i1
I

,,1

1
^l."r'1ì

I

.. 1'/ |

I

r/-r-l

to'

l"'

J6

t5

)5

)Ç)

L,'9

i?

,1 t.

-l 1

í-;rJ:

oj

-l

L,'(

.-,

/-,

2'-)

?'-)

-l- )

j--)

l

t_,

¡

,'iv. o-i 3 il3ils ,

i'lol, us eci 1n 3el;ii-.rg a.vel:eìge -íli i:'-r-i'e"

'fìre los¡ oÍ,iliü c¡n''üeiü, oi Liie ì--rc;:LÛo;ri'l,e ¡:;i.;rili-l-iee 
-',ies 1Ç;: a.i'ie::

E -f.,eejís ¿ill 1.2;-j a,Íier --Ì-Li '",'eelt-q eltilosr-il:e" The loss rir rlrjT o'i llle co1li'ro]-

jteirioi-ri,¿e rr-:rs ]CiJ, *"o'br:e llÐ'.ll lcsr 1;¡'ben1;oÎi1;e i.ue'i,cl nf,.bLr-î.!i c(¡ndi'Lio¡ls

ì.tä;\ì 'ro coilsic,er'ecl 'i,o be i2ii'.

I



.r-ilJ-

.li scr-ilisi-oit

lhe ;;r'en.-Ler" l-oss r¡l -lT r:cr-r'i:eli; oi 'i:i:e

iiie r¡e:¡.,í.cirl--i-'L;e sl,;.1r,.ì-cs -Lnc -ic i¡.ies .i,i:¿.1 llT' i.s

veli:L,Lci-r-Lj- Le gra;r',,:ì-e s. r.'ilis; su;:es.ù g .i.1i¿Lt; tJjT

riie-j-n. eífective icl{er bh¿n :.,"rli' on l;e.rioirj-.'1,e"

'i'ire l-oss ìn f:lï bj. Li r ¡.;reni,r,Les eiioo:ject L,o Ì1ir.i¡-1¡¿ ccitcl"j"'ij-oLis

ï,rå.s Ðrobä.btr-;r 6¿* 'Lo r¿rj-Il 1i¿r"sh'ì ní{ ci'i ihe lllT iror,r 'l,lc ;,i:i:luJ-es.

'iliÌro''-rg|: ¿lle iJù! conienN oj, 'lhe veiril.-r-cr.i-i-i'i,e ¡nd beiri,o::iie ,grp;:u] cs

:ln bnis e;¡reri:lenb was 'íhe s¡.:e as '',,hcse rise'j. b-i¡ ii:e iie'bro, ,,ij.nniïle¡; iros-

qr-r-i i;o jt'r-.:iì,atei-tt Co:i¡:rissi o:r -ror' cor:'i;r'ol r'n::.i;, 'i,ire ilet,;:od of :Lln¡rret+l:,.-L:i-o.l

.,.ras ri:r-:i.ie::en-t," iience, i,iie r¿'ii,e ¡:.'¡-cl ariorrrt of jjj'I loss ol:ser"r¡etl-ìn1.his

e:.-'-,et'i-l;D,ti r-.d.-' L,ü+ be 'Lhe salio :ìs üil¡,r:'¿ occul'i::j-nq :il ¡r'i-,nil-es irr.ssd j:ol:

¡nni- -rn-'

' ,ll --, o:i' ì,¡âi':ì-oL-s .iìiei',:.icl:is
)v

l,a.bor'¿ii:o.r;., ì:esis i¡ere cåìÌ:í'ìecì crr'¡ on Drr"sba:r,

,,i::iì i":e co--c ':*;. 
j:-r"¡'L,ions reilu.ir"ei tc :lil 5ù", o i' =-ecr.e,'j

i-n Lher,t,

?i¿e ¡,1 .,- ior ,itrrsb.'¡:r 
";':,s 

0"0[)'j ::un
)u

Lo:: fDi, j-l r'¡¡;"s il"0J2 PpTfl 
"

These ¡s-r1.il"Ls i¡riij c.¿ri,e il,:.i, Ì:-igher

, i ,.,r ,.r.-'i,,;::, J"':l-l;l ï'ln, i-':1 :r.

iì a;'ie;':, a::J ÌìT, Lo

ve:{lrírs l¡:.::vae i¡lac ec!

r'iie f r,si;ir- iecn:i- .ue co:rs'i s¿ed of pùecing 20 iouri;h i-ns,-a;. j-i-

J¿g4 lç" la;'va.e )-t 'l.iA ¡lì," be,:J< eïij ccnl¿ì.iitin,g lL0O nl-. or iite 'i;i'sN sr-¡l r.r-i,j-o:r.

Disi.i-I., ed i';.:r.ter i.¡a.s used e.s a i:L.lr',eitl,. Colrn-'r,s oi.'dnr,rd' ]-arvae r,;ei"r: '¿¿Llei:

a.f'L e:' 121¡ irour s 
"

co¡:'c erllT'å.'Lror:s of lr-r¡sba-il aï,e



ieveraf tesis !Íere cor-Ìiìj-Lc i,eC. cn :iosc,-iiio -l-e::v¿;e aid. ,:i.i.ullis coi-

LecbeC. ii:r tl:re rìi:irri,:e,q a,r:eê. l,o cl.eLÐr:iäj-ile .;¡i:e'Lìrer ..,:r,;¡ i"e::rr'ùE!:ce to ,'ll,i

ir¿,c'L ¿l-ei¡d- o Oc.J-.

:reerLe:. Li:¿.,i: J*)L ¿1¡] _i;-!et: j.cj:

..rìu .'.c¡i sL¿::1,:'- es,s

ieS-i;S ',.,'e1.e ,iìai"|e O;1 û¡ì¡1-'l'ig

or. l-rrv.?.? oi ,,g{e_Þ jlgi*?, !j!.-eJ-

åqq{jlg,!¡4,. ;-j i;arrc-tarn "oi'io- 1re¿,ili;n

¡ilirr:ü í'or aecj.i-ns s'i,recies

.g:*L¿i s1ec.:i-es " {ln : tþiås, basj..";

s-.cci e: 'resiei:1." \ ,._pen:Ì1.--:

LJ:¿

krrva-j- co¡l-ircj .

oi' ::_eÉgp llgågg anrj. t.'¡!45 ågåIl.lsj5:¡ ari'.

resllu,r:rs. u,L,-l e:í 'i;¿¡::sa"l-is e¡rl 0u.lise'¿¿-

O::¡:nizaii.r:n krr, s r.rs.r'e u.secL íor" s-lr-

ther"e 1r[i,S no ¡'e*.1 s",,¿i;fce .r'-or"Utd- ii:r a;lfy oÍ t,]:e

],ii,

Dfl r.esj sLer:ce is nc¡ì: su-specieci r,u:-Less -i,le LúUO: j:he dcså.re re*

cr,r,.r z"Êcj i:o li:Ll ì 5,1', of ì;,:e ,ros,¡r'.i,io san,-J-e, :Ls ¡;real,el"'Lir¿.ln,l ,l p:rì,s 1.'e.i'



üii.,-)i.:.f, ,'i-

5i-[ ,. r'úi-i

ïhere ale l;i:-i yi.1,'-Ìline species c-i :,ios<;r-ii1;oes lçlol'n 'i,o occrJil.

i"¡ ll¿:¡liicb¿:., 'r'*etltir-fi.ve s1:ecies ìllve bee:: cc'l Lec-;e.-l r.n -,,he '.iincj--

pe3 åree) ancl oí iì'iese, igtif¿g _[g:Iåí;Q (i,a"geir,l i.s tire ]ros'¿ .:þu,¡id;n'b"

l.'he ciis'¿ribu-i:ion of *" }'g_nelç" Nh'::ol-l:,îjrou-L ',,ire 
';rotj-::ice :i-s l--Lrúi,ed lrl.

l¿.,ck of su-i ì,àbie i-svçl-sr.rltLa-l-bai- sites a.s i';e-l-i a,s c] itil¿t.L,ic fa.cN,:¡'s.

,'ri:r¡eri rLe;:-i;íi r,'iere cai"r'iecl oul, on er;1:s oT' Ji, T.çå:ìi -to siud;i

i,he ini,ì-ueilce o-f ;;c:¡.rei'air.r::e a;nd r"elaiive Ìru:idt1-i-i;.¡ on e¡itprl,'cn,Lc

J-cn,3ei;rty and. h:',ici-i¿.bil:ii;l-'¡, -:-i -u',ï¿.s Ílou-nd. 'ihc,i, ii-re r'¡.'i,e o-f l';a'¿er'

loss b;;i eggS -ì ncre¿¡.secl -''¡j i;h .Ue-r'l':rerai;'¿¡:e ¿'Ìhd aì-€cre:SeC tri- l,i: rel-e.*

ii-"re hri:.lidlir;;-. 
.r';:b::;'oni.c r,'i¿;i-.i.--i;,r,'ecleasc:-ì::.s irr;,¡l-iii-'u;'tÌecl]ea.l:ecì.

¿lrC. ì;e::jreIû.itlT'e incleasecl, Tel'¡er¿i'uur'e anC. r"el¡.Live t:i;:.ti.cl.i.'u;' ,at*-

iraicir ccncii-bj-oni"n¡; inÍl,.rencecì t-:e ^e::cenL¿.fe ¿ni1 r¡"i,o oí.' il¿:.i,chlno

of rri¿'c"l-e egils, llre ìriÍ:,LLer-i;ei'l!.er¿:.t,u-r'es:recrui:r:eil--[,o ]-La,-Lcll ii. ggXglå*

e¡:¡s cl-c:i.of oc,-'ru: j-n n.atr:r"e ¿niil .TLl.ne, I.i, uas fo'..r-ncl ihat e,3,';s -,,¡it-¡cn

¡:lad- Los-L ;lo:rsiiU'e .i-n a "1 o-.,' ¡ç];,.i,ive ll';t.:id-.bJ' cor,,,'ì cl" re*4.Ì:so:Cb lloi-s-LL.r::e

-in å s¿rLur¿.'u ei ¿:ittt.osl:Ì:ere. i"ci-t.i:-,.'ler:ii-cl- cÌ eq:i$ I os"L i-e::s ::ioisi,r*rre -ill

a less-Ì;i:an-s,1.'fl-irc.lect ¿:.'¿iLosl.:i:e.re"Lha.ll '',;-'þ-',,;ei;ic-ol"d ef,ils"

.,-";:,os''i:." e Lo llJ 
" i '.'ct' -:i,. :::l:'c i::s Ìei.-:l Lo --." lig.ïl? ùr'-;-ì-1- 1,;;.
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S:-;ccì. :,tos'r,iii'Loes s'irvivei, equa-LÌ It r.re-i--i- on iìclfeJ¡ anii r;¡.l',:eT, 1,:i;,-l i:acÌ ¿.

si:c¡,i,er' ]i:i'e spa.r i:lieiL l-i-r.ie'r neiì,he.r'. i'e.i¿,i e lcsr;lr'i ioes showed- signi*

:-ic¡:lil.. 3r.eaier- io','errii;;" L.:a:: iìie :l:ies, iÌie ie;:i:.]-es ir.,rir:¡; rìi:t ¿ìver-

a¡ie cf 7 Ca;'s ionÍler" eb ¡J-l- 'U::e:'i,;ilen'bs. 'l-i\e::e .,r"e¡.'û rc sigit-i.i-Lc.-=nt, djf-

'îe'rences i-n sr-¡,¡"vi'y¡.]- ¿rt ì:)e -[:lree rel a.';i.ve ì:u¡:rj-,,liiics 'üee'¿ei.

Ïhe i;fil-tya.'i-Lon oil adìJlìJ nosc,u,itoes illol,r ou1;sid.e i;ire Le--ro 
'':.i-n-

ni-pei¡ coir-i: ro-ì a.re¿. ì;o j-nsid e -rtas -LniJ-ic,at ed b;i. (L) po::r-r I ¡.i::Loìf jlealls occtrl"-

r-ì ng r:uis-i de '¿iie coirirc]- a,re¿r i:ei'o:.'e ''',he;'i occltl. i rsj.de¡ izi .r{rilå¡e:' nìj:rl-

ber o,i ii.evelo.¡:ne:rb sj Nes 'ue--r5 Íor.,lC or-i-i.s-ì cìe 'Lhe cc:r-L:"1-1- :le:-, l13) irhe

1¡3¡-' s-i llil¡,."r lcl¿,:'Live abu:rciai:ce of :r:csqr',ì.Lo spec-i.ei'Lr',:,f--eil. i:rsicl,e ar:.cl

oubsicìe"i;ire ccrt¡:ol:.irea, alci (7,) l.;ire ìri-hc;'-ier,ie-l-e'l;o:r¿;je:'a.f.ì-o'ii:.si¡i.e

i:ire con'-iro-l- area -LÌian oui- si-d,e, as:i'-rin; s:ì-- -i-ì-:l.r' iispe::slJ. ¡eila.¡ì ori.:t 
"

_t*Lg "?g[:?*t, íhe sÞec-r-es cons-Lclered- 'l;he l)i jirì¿ìï)¡ ¡rec"Lo.r" of ues-

'i' a¡.n o:tn a nh rl i l- ii.,.,.,-,-.-*s, occui'r"ecì -'in grea.Ler a.¡Lri:da:rc e a.L ilre i"lra.:r]-es.,.noC se-,,)'*

age l:tgoon-Lh¡,n ¿."i; o'blterbra.o locp.'r.j-oi-is, l-'r-'L a-.. e:'i¿ersìr¡e -l-ai'rrú suïvel,¡

'ì ncii-ca'Lr:d. -l;ilat ';iie lagocn i¡,seli.' ",,,rc.F: Ì'rc'i, a d.e'veIo,,:rienia-L site.

;'jesterii. ence,oh¿rl-L'i;i-s -inv-es-bi:la;l,ions i-n i.i:-ni-i.oba ir: ì ÇóJ end. ì,jóó

found no l,::¿r.ce oÍ' iiie vi¡:u,s ,i-n r-iosci,iiioes coi.l-eci;ed fro::l r'Li--rî îelte;l'|, i.r¿J-'LS

oi' ''-iie irrovii:ce" iI¿.ti.rai:l-e e:qlerience -.re.s 
,-i-r-l .1"a1 :rn col-i-eci,-r:¡: a:-:c.L haulrüir:,3
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