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ABSTRACT

The distribution of Aedes vexans (Meigen) in the province of

Manitoba appears to be correlated with suitable developmental sites,
as well as climatic factors.

Visbility of mosquito eggs in storage was best maintained at
low temperatures and high humidities. The temperature at vhich eggs
were conditioned and hatched influenced their hatchability. Relative
humidity of pre-hatch corditions affected the viability and the rate
of egg hatch. BEggs, four weeks old, lost moisture at a slower rate
in an unsaturated at.moéphere than eggs two weeks old,

Laboratory experiments showed that Aedes vexang adults could

not survive exposure to l,,OOF for 2l hours. Mosquitoes given water or
honey survived longer than unfed adults. Female mosquitoes lived longer
than maie mosquitoes, and relative humidity had no effect on adult
longevity when adults were given a source of water.

Aedes vexans is the most abundant species in the Winnipeg area
and most of the adult mosgquitoes occurring inside the controlled area
originated in breeding sites outside the area.

Western encephalitis investigations in PEapitoba in 1965 and
1966 found no trace of the virus in mosquitoes collected from differ-
ent parts of the province,

Fewer mosquitoes were found at 4O feel than at 5 feet above

ground level. Swarms of male mosquitoes occurred periodically at the



L0 foot level,

Pre-~season insecticide aprlications were most effective when
applied to permanent pools. DDT had a longer residual effect than
other chenicals tested. DDT impregnated on vermiculite granules was
stored up to two years with no deterioration. The mosquitoes of
the Winnipeg area have not developed resistance to DDT, as deter-

mined by the World Health Crganization tests,



CHAPTER T
INTRODUGTION

There are 39 known species of mosquitoes in Manitoba (Carpenter
and La Casse, 1955; Kalpage, 1966)7of which 25 have been collected in
the Winnipeg area. The primary importance of mosquitoes at the pre-
sent time lies in their nuisance value rather than as vectors of dis-
ease. The entire province is plagued with these pests during the
spring and summer months, and the resulting annoyance éan lower agricul-
tural and industrial efficiency and decreaise real estate values.

Mosmuito abatement operations in Manitoba are at present confined
to Metropolitan Winnipeg. The control area covers 256 square miles and
benefits over half a million people. Control measures are carried on
throughout the year. Fall and winter applications of insecticide are
applied to the areas known to produce mosquitoes each year to kill the
young larvae as they hatch in the spring. ©Spring and summer spraying
and fogging are used to eradicate mosquitoes which fly in from areas
outside the control district.

In order to obtain information about mosquito populations inside
and outside the control area, and to get comparisons of mosquito popu~
lations from year to year, which are important in determining the effic-
' iency of a mosquito abatement program, the Department of Entomology at
the University of Manitoba operates a number of light traps throughout

the spring and summer,



A number of environmental factors must be considered in the in-
terpretation of data resulting froam surveys designed to sample insect
populations. Among these factors are wind, temperature, relative
humidity, end precipitation, Hach is subject' to a considerable degree
of variability from year to year. Variability in precipitation,
especially, results in fluctuations in the mosquito population. If
sufficient knowledge can be gained on how the other factors of the
enviromment affect mosquito populations, we may be better prepared

to forecast the population levels to be expected, leading to more
efficient control measures,

The light trap survey of adult mosquito populations has been

in operation since 1957, and has revealed that Aedes vexans is the most

abundant species in the Winnipeg area (Smith 1959, Brust 1960, Brandt
194), comprising up to 85% of the mosquito population., 4 survey made

by McLintock in 194) also reported Aedes vexans to be the most abundant

specles.

Additional knowledge of the life history of Aedes vexans in Mani-

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

Laboratory experiments were performed on the egg and adult stages of

Aedes vexans, providing information about the physiology and ecology
of this species.

In recent years there has been an increased incidence of western
encephalitis in horses in Manitoba, A W,B, investigation program was
initiated on a preliminary basis in 1965 and expanded inwl%é. The primary

objective is to discover the virus in mosquitoes before horses and humans



are affected, so preventive measures can be taken,

Fsll and winter application of insecticides has been carried
out in the Winnipeg area since 1956, Periodic evaluations are neces-
sary to assay the continued effectiveness of this type of control.
Evaluatién‘may'be carried out by bicassays of the treated areas, by
experiments which simulate natural conditions, and by tests to deber-
mine whether resistance has developed.

The Objectives of the Study

The objectives of this study were threefold: (1) to investi-
gate the ecology of mosduito species occurring in the Winnipeg ares,

especially Aedes vexans leigen; (2) to study some physiological as-

pects of Aedes vexans in order'to gain more knowledge of the biology

of this species and to improve culture techniques; (3) to examine
the short and long term effectiveness of control measures in the
Winnipeg area.

Organization of the Thesis

The thesis is made up of ten chapters, in which three main
aspects are covered. Chapter IV, V, and VI cover laboratory studies

of Aedes vexans. In chapters VII, VIII, eand IX, field studies of

mosquitoes are described. Chapter X outlines investigations made on

chemical s now in use for mosquito control, and on chemicals under con-

sideration for future use.




CHAPTER IX
REVIEW OF LITERATURE

Borg and Horsfall (1953) demonstrated that the basic hatching
stimulus for mosquito eggs is a decrease in the oxygen content of the
hatching medium, Horsfall (1956) showed that the hatching of eggs in

a sultable medium was influenced by the "conditioming" factors of tem—

perature and relative humidity. Beckel (1958) studying Aedes hexodontus
Dyar, found that the permeability of the egg cuticle. %o both loss and
uptake of water became less as the egg aged. Meola (196L) found that
& reduced rate of transpiration, best achieved at low temperatures and
high humidities, was necessary to Hhintain viability of eggs of Aedes
aegypti L. during prolonged storage.

Clarke (1943), using aniline dyes to label mosquitoes for flight
and longevity studies, reported recapturing a female Aedes vexang 37
days after staining and release. The longevity of adult Aedes aegypti

is influenced by mating and association of the sexes, according to

Liles (1965). Working with Qulez_c Larsalis Coquillett, Anderson and
Harwood (1966) found the survival of this species at temperatures around
0°C was increased by cold preconditioning. Clements (1963) reported
that at moderate temperatures there does not appear to be any direct re-
lationship between longevity and relative humidity., -~

Smith (1959), Brust (1960), and Brandt(1964), found that the mos-

quito populations, as measured by light traps, are greater outside the




Metro. Winnipeg abatement district than inside. Collett st al (1964)
state that both light trap collections and larval sampling are valid
methods of estimating population changes and differences.

McLintock (1944), Smith (1959), Brust (1960), and Brandt (1964),
found Aedes vezans the most abundant species in the Winnipeg area. 4
number of studies have been made on the ecology of this species. Hors-
fall- (195)) reported on Aedes vexans as a migratory species, Horsfall

(1962) studied the vertical distribution of eggs of floodwater mosquitoes,

particularly Aedes vexans. Gunstream and Chew (1963), found that Aedes
vexans adults remain relatively inactive for two days after emergence.
The relationship between precipitation and abundance of Aedes vexans was
emphésized by Price (1964},

The first investigation of western encephalitis in mosguitoes of
Manitoba was made from 1942 to 1945 by McLintock (1946). No further
W.E. studies on mosquitoes were made in this province until 1965, but
the occurence of W.E, in horses and humans was recorded by the Manitoba
Department of Health. Investigations by Burton (1965) in Saskatchewan
revealed that many aedine species may harbour the virus, but Culex tar-
salis is still regarded as the principal transmitter of W,E, in Saskatche-
wan.,

MacCreary (1941) compared the density of mosquitoes at ground level
and at 100 feet, and found that greater numbers of mosquitoes occurred
at the lower level, Burgess and Haufe (1960), and Main et al (1966),
independently found that greater numbers of mosquitoes occur et ground
level than at 25 feet above ground level in prairie locatn;:ﬁns, but in

forest locations equal or greater numbers of adults occur at 25 feet



as compared with grouhd level, Brandt(l964) caught large numbers of

Aedes vexans males on several occasions in a trap with an entrance 40

feet above ground level,

Sutherland and Mazurkewicz (1963) found that the solvent used in
DDT impregpdtion of granules, and the type and size of the granules im-
pregnated, had a great influence on the release of DDT from these granules,
Chapman-(l966) evaluated different chemicals as larvicides in the labora-
tory by use of a modification of World Health Organization resistence test
technigues.

The use of radiocisotope tracers for insecticide studies is a rela-
tively new and highly promising technique. Casida (1962) studied the
metabolism of organophosphate insecticides in plants using P32 as a
label, Plapp and Lindquist (1963) used radiosotopes to study the fate
of insecticides applied to animals and plants, Heath (1963) described
the use of radioisotopes to study insecticide residues when chemical or
biochemical methods are not adequate.

Smith (1959), Brust (1960), and Brendt(196L) found that no resis-—

tance to DDT had developed in the mosquitoes of the Winnipeg afea.




CHAPTER III

LIFE HISTORY STUDIES

The thirty-nine species of mosquitoes known to occur in Manitoba

are distributed among six genera (Table I).

TABLE I

MOSQUITC SPECIES IN MANTITOBA

edes abserratus Anopheles earlei
aurifer A, punctipennis

barri . A, walkeri
campestris

canadensis
decticus
cinereus
commmnis
diantaeus

dorsalis Culiseta alaskaensis
excruclans C, impatiens
fitchii C. inornata

flavescens C. morsitans
hexodontus

impiger
implicatus
intrudens

nigripes Culex restuans
n}grgmaculls c. tarsalis
pionips
punctor
riparius
spenceril
sticticus
stimulans
trichuris
triseriatus
vexans

L]

L]

-

&

Lol ???P?bb?bbﬁbbbbp

e e S S =

Mansonia perturbans

-

Wyeomyia smithii




Anovheles, Culex, and Culiseta species over winter as adilts, The
inseminated females sperid the winter in cellars, caves, outbuildings, rab-

bit burrows, hollow trees, and other well protected locations. The females

leave these areas in the spring, obtain a blood meal and oviposit in per-

manent pools. The eggs hatch within 4-7 days after oviposition. In south-

ern Manitoba larvae of Culiseta and Culex species are first observed in

early June. Larvae are found throughout the surmer s, often until the middle

of September., i

Mansonia perturbans and Wyeomyia smithii overwinter as larvae in

mud at the bottom of permanent pools. They pupate in spring or early sum-
mer and the adults emerge almost a week later, Little work has been done ;
on the biclogy of these two species in Manitoba due to their rare occurence,

Mansonia larvae obtain oxygen from submerged plant stems and roots by si-

phonal penetration. In larvae of Byeomyia, respiration is largely cutaneous ;
and they are rarely found at the surface. |
Mosquitoes of the genus Aedes are the most important species in

Manitoba, in terms of numbers and human annoyance. In contrast to Culex,

Culiseta, and Anopheles, aedine species overwinter in the egg stage. The
eggs are insulated from extreme sub-zero temperatures by snow,

Classification of Manitoba Aedine Species

Aedine mosquitoes can be divided into three classes: univoltine,
multi-voltine, and a mixture of the two (Table II). Univoltine species

have an obligatory embryonic diapause; multivoltine species have faculta-

tive diapause which can be arrested at will; still other species consist

%

|

§

of a multivoltine and univoltine strain, but not much is known to date about i
§

I




the species involved in the last group.

TABLE II

CLASSIFICATION OF MANITOBA AEDINE SPECIES

Univoltine

Aedes abserratus A, diantaeus A, impiger A, punctor
A, aurifer A, excrucians A, intrudens A, riparius
A, barri A, fitchii A, implicatus A, stimulans
A, communis A, flavescens A, nigripes A, trichurus
A, decticus A, hexodontus A, pionips

Multivoltine

Aedes campestris A. sticticus f
A, dorsalis A, triseriatus gf

A, nigromaculis A, vexans

Univoltine and Multivoltine
Aedes cinereus
A, canadensis
A, spencerii

Univoltine species can have only one generation a year since the
eggs must go thf'ough several months of cold conditioning before they
hatch. The eggs of univoltine species usually hatch in pools formed by

melting snow. Following development, the adults lay their eggs in early !

sumier and the eggs remain in diapause until the following spring.,

Multivoltine species have as many generations a year as climatic con- i
ditions (primerily precipitation and tempersture) will allow. The eggs of !




multivoltine species do not enter diapause and therefore do not require
chilling prior to hatching,

Aedes spencerii, A. cinereus and A, canadensis in Manitoba each

consist of multivoltine and univoltine fractions (Table II). These three
species have previously been considered as univoltine, but a portion of
the egg population of each species, which oviposited in the laboratory,

hatched without cold treatment. In A. spencerii, the fraction hatching

without cold treatment out of three replicates of 30 eggs each was 69%.

In A, cinereus and A. canadensis, only one test was conducted, and of
319 eggs of A. cinereus, 156 hatched without cold treatment (L8%).

Of 162 eggs of A. canadensis, 51 hatched without cold treatment (32%).
In all three of these species further investigation needs to be done,
firstl:,r,to determine if an individual female lays both univoltine and
multivoltine eggs or only one type. Secondly, adults of each species
could be. collected throughout the spring and summer to determine whebher
there is any change in the proportion of multi.voltine and univoltine
eggs lald with successive broods. Thirdly, the multivoltine fraction could
be selected for several generations to determine whether multivoltinism
is a genetic character that can be isolated from univoltism in the same
species.

Spring mosquito populations are made up largely of univoltine spec~
ies in the Winnipeg area (Fig, i). By early summer, multivoltine species
appear in increasing numbers and by July these species are predominant, By
the end of August few univoltine adults remain as they lay their eggs and
die generally before the middle of the month.

£gg_and Larval Sites of Aedes vexans

Aedes vexans in Manitoba is a floodwater species primaril found
. P




11

in gfassy ditches, pastures, and aspen forests, where small pools form
after a heavy rain. Unlike univoltine aedine species, A. vexans does
not select muskeg or a coniferous forest habitat where pools are lined with
moss.

4 province-wide adult biting survey has‘ revealed that the percen-
tage of A. vexens decreases from south to north in the province (Fig. 2),
Climatic conditions, while very important, are not the only factors af-
'fecting the distribution of this species. In some cases lack of suitable
oviposition sites may limit its occurrence,

Around Winnipeg, where the A, vexans population is high, farmland
and grassy ditches are abundant. Some farmland &lso occurs near The
Pas where A, vexans mskes up about 50% of the biting population. In
the flin Flon area, only 100 miles from The Pas and on the edge of the
Canadian shield, the terrain consists of precambrian rock outcrops (Weir,
T, R., 1960 Economic #tlas of Manitoba) and bog. This type of surface
deposit does not provide suitable oviposition sites for A, vexans, and at
Flin Flon this species makes up only about 3% of the mosquito population.
West and north-west of Flin Flon, where clay and silt occur as well as
bog and rock outcrops, 4. vexans again becomes numerous. Aspen stands
are associlated usually with clay and silt deposits in the area, and where
aspen stands were abundant 4, vexans was also numerous. In the Churchill
area A. vexans is extremely rare. The climate at Churchill is certainly
more severe than in the central parts of the vrovince, but it is unlikely
that this has much effect on A, vexans. The winter soil temperatures at

Churchill are not very different from those at Wimnipeg and are not low




FIGURE 1: Relative Abundance of Adults
of Univoltine and Multivoltine Aedine

Mosguitoes in the Winnipeg Area, 1965

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

small number of A, Vexans, 0.1% of the adult biting population in July,

is the lack of clay or silt depoéits. The ared is historically marine

with extensive bogs and coarse alluvial deposits (Weir, T. R., 1960).




FIGURE 2: Percentage of Aedes vexans

in the Adult Mosquito Biting
. , Population in the Winnipeg,

§ : The Pas, Flin Flon and

Churchill areas, 1965 survey.
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CHAPTER IV

THE INFLUENCE OF TEMPERATURE AND HUMIDITY ON

VIABILITY AND HATCHING OF AEDES VEXANS EGGS

A nunber of experiments were carried out on eggs of A. vexans.
The influence of temperature and humidity on egg viability and hatch-
ing was studied (1) to obtain information on laboratory techniques for
storage, conditioning, and hatching, (2) to gain information useful in
ecological studies, and (3) to better understand the physiology of the
egg stage of A, vexans.,

Method and Egquipment

All eggs used were obbained from field collected females. A
test for viability was made by placing the eggs in a saturated solu~
tion of Na Cl and water. The non-viable eggs shrivel and sink to
the bottom, whereas the viable eggs remain firm and float., The viable
eggs were then collected and washed.

The relative humidites used were obtalned by various concentra-
tions of potassium hydroxide solutions. The humidity chambers were
desiccators with a 10 inch inside diameter. B.0.D. incubators, ac-
curate to 1,8, were used to get the experimental temperatures. The
hatching solution consisted of aporoximately 300 mg. of nutrient broth

(Bacto-Beef Extract and Bacto-Peptone) in 250 mls of tap water,
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Effect of Different Temperatures and Relative Humidities
on Viability and Hatching of Bges

The influence of temperature and relative humidity on egg viabil-
ity and hatchability was studied by subjecting eggs to different pre-
hatch temperatures and hupidities and different hatching temperatures.
Method

The eggs were divided into two groups, one stored at 35OF, the
other at 70°F, After five months storage the eggs were placed at 7OOF
at one of four relative humidities, 20, 50, 80, or 100%., After two
weeks the eggs were placed in hatching solutions at 400, 500, 600, 700,
or 80°F, v
Results

The percentage of eggs hatching after different treatments is giveh
in Table III,

The statistical analysis of this data is given in Table IV, & ang
B. The analysis of variance (Table IV-A) indicated significant differ-
ences in all treatments. To find more precisely where these differences
occurred, the method of finding the least significant differences was an—
ployed (Table IV-B), With this method, for two treatments to be signifi-
cantly different, the difference between their meéns must exceed the col-
culated least significant difference (Steel and Torrie, 1960).

The percentage of eggs hatching at AOOF at all treatments was signi-
ficantly lower than the percentage hatching at the other temperatures., There
was no significant difference between the mean number of eggs that hatched

at the other four temperatures, 50°, 60°, 70°, and 80°F, slthough the time




TABLE IIT

THE PERCENTAGE OF EGGS HATCHING AFTER

DIFFERENT TREATMENIS

0
Eggs stored at 35OF or 70 F for 5 months were pre-conditioned for
hatching by placing them at 70°F and 20, 50, 806 or 100 per cent

R.H, for 2 weeks,
or 80°F,

Eggs were then hatched at 40°, 50°, 60°, 70°,

Pre-Hatch Conditioning % Hatcht
2 weeks at 70°F and Hatching 5 3
the following RH levels Temperature A B
.20 1O°F 0 0
50 L 1
80 P 8
100 Ll 4
20 50°F 0 0
50 50 22
80 79 11
100 88 50
20 60°F 0 0
50 36 20
80 77 23
100 98 68
20 70°F 0 0
50 L7 13
80 87 30
100 9L L6
20 80°F 0 0
50 58 59
80 67 67
100 81 62

1 mean of 3 reps, of 30 eggs each
2 A-eggs stored at 35°F
3 B-eggs stored at TOOF

19




TABLE IV-A

ANALYSIS OF VARIANCE OF TABLE ITI

Source of Variation D.F, 5.5, 1,3, F

Hatching Tenper ature L 6614.19 1653.5L 6,13 %
Pre-Hatch Humidity 3 22133.30 TIVT.TT 2,78 ¥
Storing Temperature 1. 5152.90 5152,90 19,10 *
Residual 3 8363.55 259,79 |
TOT AL 39 4,2263.90

* significant at 5% level

20

TABLE IV-B
TEST SIGNIFICANT DIFFERENCE AVALYSIS OF ME AN
PERCENTAGE HATCH

Hatching Temperatures

LO°F 50°F 60°F 70°F 80°F
Mean 11,13 37.50  40.25  39.63  49.25
LD = 28 x t (54, 3L af)
r

= 2 x 269,79 x 2,04 = 16,75
8
Pre-Hatch Humidity

20% RH 50% RH 80% RH  100% RH
Hean ' 0 31,00 47.70 63.50
1SD = 2 x 269.79 x 2.0, = 14.97
Storing Temperature 0
35°F 70°F
Mean 49.90 214420

1SD

2 X 269,79 x 2.0, = 10.59
20




taken for the eggs to hatch at‘the lower temperatures was much greater
then at higher temperatures.

Each pre-hatch relative humidity tested was significantly more
favourable to those below it. The largest number of larvae obtained at
all hatching temperatures were from eggs kept at 100% R.H. during pre-
hatch conditioning, while no larvae were obtained from eggs kept at 20%
K.H, pre-hatch conditioning (Table III),

At all treatments, sighificantly greater numbers of eggs hatched
out of those stored for 5 months at BSOF than those stored for 5 months

o 1=~
at 70 F (Table III).

Discussion

The difference in hatchability of eggs subjected to dif ferent
temperatures and relative humidities indicates a relationship between
transpiration and embryonic longevity. The increase in hatchability at
low temperatures and high humidities illustrates that reduction of
transpiration is a prerequisite to prolonged egg stofage.

1t has been the practice to place A. vexans eggs at 35°F vhen
they are stored for a muber of months. This experinment confirmed that
this_temperature is advantageous in maintaining viability during stor-
age, as reported by Meola (1964) for 4, aegypti.

The rate of. transpiration increases with a decrease in relative

humidity. Meola (1%4) found that the decline in hatchability of _f}.

aegypbi eggs at lower relative humidities was nearly directly proportional

to water loss. Reduced transpiration is necessary for erbryonic survival,
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so high relative humidities are required for storage., High relative
humidities result in occasional hatching and encourage fungal growth

which can be harmful, so there is a limit as to how long eggs can

be stored even at reduced temperatures. Low R.H. levels cause desic-
catlon and death of the embryos, so some fungal growth must be tolerated
if eggs are to be stored over an extended period,

o
The low hatching percentage occurring at 40 F coincides with

what is known of the ecology of A. vexans. The eggs of many aedine
species hatch in early spring in waterfrom melted snow, but 4,

vexans does not. Larvae of thiw:species are seldom found until after

the first heavy spring rainfall, when the pool temperatures are

higher. This experiment indicates that to hatch more than half of

¢}
A, vexans eggs a temperature of at least 50 F is required. The condi~

: o
tioning tewperature of 70 F used in this experiment is higher than

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

conditioning which subsequent generations would undergo. {

Influence of Temperature on the Desiccating
Effect of Low Humidities

Method
Different lots of A. vexans eggs were conditioned at 20% R.H.
. o o o
for 16 days at a constant temperature at A0 s 50 , 60 , or 70°F. They

(8]
were then transferred to 100% R.H. and 70 F for 2/, hours and hatched

. at 70°F,




Results:

TABLE V
PER CENT HATCH OF A, VEXANS EGGS AFTER

DIFFERENT TREATMENTS

Pre-hatch treatment

% BH Temp., (OF) % Hatch
20 LO Ll
20 50 37
20 60 2
20 70 0

* means of 3 reps. of 30 eggs each

About LO% of the eggs kept at the lower temperature of AOOF and
o ,
50 ¥ were viable, whereas at 60°F only 2% of the eggs were viable, and
none at 70°F. ‘he higher rate of transpiration at 60°F and 70OF resulted
O,

in the mortality of almost all the eggs, while at L0 F and SOOF, the water

lost through transpiration killed only 60% of the eges.

Discussion
The results show that low relative humidities may be used in com-
bination with low temperatures for egg storage. Also if fungal growth in

stored eggs becomes a serious problem, the eggs could be placed in a less

than saturated atmosphere at a low temperature for a short time to reducse
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fungal growth and still maintain egg viability. ZLow temperature lessens

the desiccating effect on the eggs.

The results of the above laboratory exveriment also apply to
conditions which occur in nature. In winter the soil near the ground
surface where mosquito eggs occur is frozen, making its moisture un-
available to the eggs. Also, the moisture in the snow above the eggs
is in the form of ice crystals. It appears probable that mosquito eggs
overwinter in an atmosphere of less than 100% relative humidity, bub
are able to survive because of the low temperature resulting in decreased
transpiration,

Influence of Conditioning and Hatching
Temperature on Hatchability of iggs

Eggs were taken from storage at 35OF and divided into two groups:
one at ADOF, the other at 7OOF. After two weeks they were transferred
directly into hatching solutions at one of LLOO, SOO, 60° or ’700 F.
Results:

TABLE VI
THE PERCENTAGE OF A. VEXANS EGGS HATCHING AFTER
DIFFERENT TREATMENTS

. o
One group of A, vexans eggs was c8ndit%onedoat L,DOF, the other at 70 F,
for 2 weeks before hatching at 40 , 50 , 60, and 70°F.

% Hatch 3
Hatching °
’ temp, (OF) : IO F 70°F
L0 0 Ll
50 2 ag
60 8 98
70 56 9L

* mean of 3 reps. of 30 eggs each
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The eggs conditioned at 70°F hatched better at all temoeratures
tested. Of the eggs conditioned at LPOOF, only half hatched at the re-
latively high temperature of 70°F, 8% hatched at 60°F, 2% hatched at
50°F, and none hatched at l;OOF . However, of the eggs conditioned
at ’7OOF, about half hatched at the low temperature of L0°F, and ap-

Q (s}
proximately 90% hatched at 50 , 60 , and 70°F.

Discussion

Horsfell (1956) found that the percentage of A. vexans eggs
hatching at 77'OF, after being maintained at L;OOF, increased as the
number of days they were exposed to 77OF increased. The present
study confirms these results and e:cbendé it to apply at different
hatching tewperatures.

The temperature at which eggs are conditioned can have a
great effect on the number of eggs hatching at a particular tem-
perature, and hence laboratory experiments designed to simulate

hatching of eggs in nature must take conditioning into consideration.

Hatching of Aedes vexans and Aedes sbserratus at Dif ferent Temperatures

Method
Eggs of A, vexans and A, abserratus (F. £ Y) were taken from
storage at 35°F and immediately placed in hatching solutions at 35°,

o o}
40 , 50 ,

O
60°, or 70 F.
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Results:
TABLE VII. Percentage hatch of &, vexans and
A, abserratus. ZEggs teken from storage
at 35°F and placed in hatching solutions
at 35°, 40O, 509, 600 and 70°F,
Hatching % Hatch *
temp, (OF) A, abserratus A, vexans
35 1 0
4O 27 ' 0
50 L7 2
60 53 8
70 L 56

* mean of 3 reps.of 30 eggs.

A greater percentage of A, abserrabtus eggs hatched at low t empera-
tures than A. vexans eggs. At 350F, 1% of the A, abserratus eggs hatched,
and no A, vexans eggs hatched. At L;OOF, a 27% hateh of the A. abserratus
eggs occurred, compared with none for A, vexans. About half the 4.
abserratus eggs hatched at 400 and SOOF, while less than 10% hatching
of the A. vexans eggs occurred. At 7OOF, the percentage hatching of 4.
abserratus eggs dropped to 4%, and of A, vexans eggs rose to 56%.
Discussion

The conditioning which the eggs received in this experiment was
similar to the conditioning they would receive in early spring as the snow
ﬁelted. The hatching of A. abserratus at a temperature as low as LO°F indi-

cates that hatching could occur in pools resulting from melted snow. This

is indeed the case in Manitoba, as A, abserratus larvae are found as early

as April,
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The higher temperatures required to hatch A, vexans eggs explains

why A. vexans larvae are not found in melted snow pools. Such pools us-
ually dry up before becoming sufficiently warm to hatch A, vexans eggs,

and these eggs remain unhatched until a heavy late spring or early sum-

mer rainfall occurs,

Influence of Temperature and Relative Humidity on Conditioning
and Rate of Hateching

Method
o
A, vexans eggs were taken out of storage at 35°F and placed abt 40,

o 0 o N .
50, 60 , and 70 F, Within each temperature the eggs were kept at 20%,

50%, 80% and 100% relative humidity. After two weeks the eggs were placed
in hatching solutions at the same temperature at which they had been con-
ditioned. Counts on the number hatching were taken at half hourly inter-
vals.
Results
Table VIII. Percentage and rate of hatching of A. vexans
at different temperatures,
Bggs of A. vexans taken from storage at 35°F
were conditioned at 40°, 50°, 60°, or TOOF at
0%, 50%, 80%, or 100% R.H. for 2 weeks, then
hatched at the conditioning temperature,
Conditioning
and Hatching : Conditioning Relative Humidity
Temp (°F) DF__50% 80% 100% 208 50% 80%  100%
‘ % Hateh et Hrs, Tor 50% of Hateh to
Occur*
10 - - - -1 - 7= - -
50 50 52 68 67 78 60 5L 30
60 1 3L 92 70 - 35 32 20
70 - L7 87 9L - 10 9 9
* Mean of 3 reps. of 30 eggs
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The highest hatching percentages occurred at the highest condi-
tioning relative humidity (80% and 100%) and at the highest condition-
ing and hatching temperatures (6OOF and 7OOF). No hatching occurred at
the AOOF treatment. At EOOF, half the eggs subjected to 20% and 50% R.H,
hatched, and two-thirds of the eggs kept at 80% and 100% R.H. hatched.
The desiccating effect of the 20% R.H. was greatest at 60°F and 7OOF,
as shown by the almost negligible hatch at these conditions (Table VIII).
The eggs subjected to low humidities survived fairly well when also sub-
jected to low temperatures., No eggs hatched at 20% RH and 70°F, while 50%
natched at 20% RH and 50 F.

Within the same temperature, the percentage of eggs hatching in-
creased as the relative humidity was increased. At 7OOF, no hatching
occurred in eggs subjected to 20% RH, L47% hatching occurred from the 50%
RH treatment, and 87% and 94% hatching occurred after the 80% and 100%
RH treatments.

The eggs, after different conditioning and hatchingtreatments,
hatched at noticeably dif ferent rates., Hatching occurred sooner at the
higher temperatures. At 7OOF, 50% of the eggs had hatched within 10
hours, while at 6OOF, it took 2 to 3 times as long for 50% of the hatch-
ing to occuf, and at SOOF hatching took as much as 5 to 6 times as long.

Within each temperature treatment, eggs conditioned at high rela-
tive humidities hatched more rapidly than eggs conditioned at low relative
humidities., This was especially noticeable at the SOOF temperature, as
the time for 50% of the hatch to occur dropped from 78 hours afs 20% RH to

30 hours at 100% R.H.




Discussion

The conditioning and hatching temperatures tested in this experi-
ment simulated the conditions eggs are exposed to in nature., The condi-
tioning and hatching temperature of AOOF, at which no hatching occurred,
aprroximates the conditions the eggs are exposed to in early Smring.
Temperatures of 5OOF and 6OOF, where two-thirds of the eggs kept at 1003
RH hatched, closely simulate natural conditioning occurring in late
spring, when 4, vexans larvae are first observed. Over 90% hatching
occurred at the conditioning and hatching temperature of 7OOF, wnich
are the conditions most similar to summer conditions in pools when the
second generation of A. vexans occurs. .

The higher rate of hatching at the higher temperature was due
to the condition of the hatching medium. The basic hatching stimulus
for conditioned eggs is provided by a decrease in the dissolved oxygen
content of a medium (Horsfall, 1956), and the rate of bacterial action
vhich results in decreased oxygen content increases with tempersture.

The reduced rate of hatching of eggs conditioned at lower humidi-
ties may be due to the more desiccated embryos having to replace some
of their lost water before they could hatch. 4lso the porous egg micro-

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

Sunmary

Viability of eggs during prolonged storage is -best maintained at hig
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relative humidities and low temperatures, as thesé,cond.}tions result
in a low rate of transpiration and hence low water loss. Pre-hatch
conditioning temperatures influence the ability of eggs to hatch., In
nature, hatching of A, vexans eggs occur at temperatures above SOOF,
while A, abserrstus eggs hatch readily at temperatures as low as AOOF.

Pre-hatch relative humidity as well as temperature can affect the rate

of hatching of eggs.




GHAPTER V

ABSCHPTION MND LOSS OF WATSR BY 4, VELANS ¥00S

Water sbsorption and loss by 4, yetans eggs at different treat.
ments was studied,

males. A test for viability wss made by placing the eggs in 2 solution
of Ka Ol and water,

The relative huwnddities used were obbtained by various concentrae
tions of pobassium hydroxide solutions, The humidiby chambers were desic-
catora with & 25 cm inside diameter, B,0.D, incubators, asscurate %o
1.8°F were used to get the sxperimental teperatures,

In sxporisents whore welght change of eggs was: determined, &
Cabn Electrobslance, Nodel 110, was used, To facllitabe hamdling and
welghing the egss wers "’msea in smell alwsinum foil trays.

The hatehinz medium . consisbed of approximately 300 ng. of mubrient
breth in 250 sle., of tap water,

Bgas of known welght were divided into two groups, helf ab 808 BH,

for 3 days and half at 509 for one day. DBoth were kept at ?C?"F. The weight
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loss was first determined and then they were transferred to 100% R.H,

for three days. After 3 days at 100% R.H. the eggs were weighed

again.,
Regults
TABLE IX. Welgnt change in eggs of A, vexans
at different relative humidities,
Eggs were transferred from 50% or 80%
R,H, at 70°F to 100% RH at 70°F.
A ~ Bggs placed at 50% RH, 70°F, for 1 day.
B - Eggs placed at 80% RH, 7OOF, for 3 days.
(all weights in milligrams)
Welght Weight
After After
Original Low R.H, Weight 3 Days At Weight
Weight Treatment Change 100% R.H., Chance
A 0,36% 0.15 -0.21 0.22 #0.07
B 0.32% 0.21 -0.11  0.31 #0.10

% Mean of 3 Reps. of 10 Eggs Each
Some of the moisture lost by the eggs at the low humidities was
regained in the saturated atmosphere (Table IX),

. The eggs placed at 50% RH lost a greater amount (58%) of their
moisture than the eggs placed at 80% RH (35&‘2). The eggs that had lost
moisture at 80% RH regained almost all the lost moisture when placed at
100% R,H., but the eggs that had lost moisture at 50% RH regained only a

third of the lost moisture,

Subsequent weighings showed no further weight gain,
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Diécussion

The greater loss in weight at 50% RH than at 80% RH indicates the
rate of transpiration was higher at the lower relative humidity.

The ability of the eggs subjected to 80% R.H. to replace more of
the lost moisture than the eggs subjected to 50% R.H. may be due to more
of the embryos dying due to desiccation at the lower humidity, and hence
being unable to assimilate moisture.

The process of moisture assimilation by eggs is not knouwn but the

results suggest it is an active biological process.

Water Loss and Viability in A, vexans Lges

Method

Aedes vexans eggs were divided into 2 groups: one groun for weigh-

ing and one group for hatching.

The eggs were placed at 50% R.H. and 8@% R,H, at 50°F and 70°F.
Small aluminum foil discs were used to hold the eggs. At twelve hour
intervals, three discs of 10 eggs were weighed and three discs of 10 eggs
were hatched from each treatment combination,
Results

The eggs subjeéted to different temperatures and relative humidities
lost different amounts éf moisture and showed different rates of water loss
(Table X).

Most of the weight loss occurred in the first six hours. The eggs
subjected to 80% RH showed no further weight loss after the first 2L hours.

At 50% RH the eggs continued to lose weight up to 72 hours, but at a de-

creasing rate,
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The greatest loss in weight occurred at TOF and 507 R.H.,
the treatment with the highest temperature and lowest relative humid-
ity. This is the condition resulting in the highest rate of trans—
piration.

There was no apparent regularity in the change of viability of
the eggs kept at the different treatments. However, a comparison of the
mean per cent hatch occurring at the various treatments indicates that
eggs remained viable lorger at 50°F than at 70 F and ab 80% R.E. than
at 50% R.H. (Table X), This is presumed to be due to the greater
transpiration occurring at high temperature and low humidities.
Discussion

The attempt to correlste water loss and viability was unsuccess—
ful due to the irregularity of hatching. Other investigators have been
successful in doing this. Meola (19%4) found a nearly directly propor-
tional relationship between water loss and embryonic viability in 4,
aegypti. However, he worked with greater numﬁers of eggs. and his
hatching and weighing intervals were greater.

The declining rate of water loss indicates that after the initial
water loss, the remaining moisture is less likely to be given up by the
egg.

The greatest moisture losses occurred under the conditions which

would result in the highest rate of transpiration. The lowest hatching

rates were also associated with these conditions.
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Influence of Age on the Ability of Dggs
to Rgsist Degiccation

Hethod

A, vexans eggs were obtained from field collected adults. Ovi-
vosition was obtained by placing the oviposition cages on moist cheese-
cloth pads. The cages were moved each day and the date of oviposition
recorded. Two and four week old eggs were used for the experiments. The
eggs were placed at 50% or 80% relative humidities and 50° or 70°F for

three days. They were weighed every 12 hours.

Results

The four-week-old egcs lost weight less rapidly than the two-week-

old eggs (Table XI),

Table XI. Percent weight loss of eggs of different
ages kept at different relative humidities
and different temperstures., 2 and L week
0ld eggs were kept at 50% or 80% RH and 50°

or TOCF,
Hrs, after being placed in treatment

Temp, _ R.H. __ Age 12 2, 36 48 60 T2
Per Cent Weight Loss *
50°F 50% 2 weeks 26 29 39 39 39 39
I, weeks 5 5 5 25 28 28
50°F 80% 2 weeks 0 7 20 2 2 2
I, weeks 2 5 5 5 5 5
70°F  50% 2 weeks W7 53 67 &1 &1 67
L weeks 12 12 12 12 12 12
70°F  80% 2 weeks 8 56 67 67 61 67
), weeks 3 8 8 8 g 13

* Mean of 3 replicates of 10 eggs each,
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Under all temperature-relative humidity treatments, the older
eggs had both a lower rate of weight loss and a smaller vercentage
weight loss.

The younger eggs apueared to be particularly susceptible to
molsture loss at 7OOF, as they lost 67% of their weight while the older
eggs lost only 12 and 13 per cent of thelir weight at 7OOF after 72 hours.

At SOOF the difference in percentage weight lost after 72 hours

by old and young eggs was not as great, 11% at 50% RH and 15% at 80% RH,

Discussion
The ability of the older eggs to resist desiccation may have been
due to a more impermeable shell, a more mature embryo, or a combination

of these, Further investigation is required to determine this,

Summary

A. vexans eggs are able to absorb moisture, apparently by an ac-
tive biological process, under certain conditions, After an initial loss
in moistures by eggs, the remaining moisture is lost at a declining rate,
The amount and rate of water loss by eggs is highest at high temperatures
and low humidities, lowest at low temperatures and high humidities. Age

is a factor in the ability of eggs to withstand desiccation.




CHAPTER VI

LONGEVITY OF ADULTS OF A, VEXANS UNDER

CONTRCLLED CONDITTONS

The survival of mosquitoes under laboratory conditions was inves-
tigated under different temperatures, humidities, and adult nutrition.

The effect of these conditions on males and females was investigated,

Method and Bguipment

| The adults used were 12 to 2L hours old when placed in each
treatment. Three replicates were carried out at each of the 27 dif-
ferent conditions. IEach replicate consisted of 20 adults, 10 females
and 10 males,

The cages used were 6 inches by 1 inch by 1 inch. Two opposing
sides were of nylon mesh, the other two sides and ends were of clear
1/8 inch perspex. One end had a corked opening.

The desired humidities were obtained by using different concen-
trations of potassium hydroxide solutions (Solomon, 1951). Three rela-
tive humidities were tested, 20%, 50% and 80%, in combination with three
selected temperatures, AOOF, 550F, and 7OOF.

#long with each temperature and humidity combination, there were
three nutritional treatments., Some adults were fed on honey, some on

water and others were not fed. The honey and water was provided by plac-

ing strips of cotton batten on the mesh side of the cages (Fig. 3).




T

39

The cages containing the mosquitoes were placed in the humidity
chamber (desiccators of 10 inch inside diameter) on vlastic trays (Fig.
3). The mosquitoes were kept in total darkness throughout the experi-

ment, Mortality counts were taken every twelve hours,

Results

The results of this experiment are given in Table XII,




FIGURE 3, Desicator With Caged
Vosquitoes, 2 With Honey

and Water, 2 With Water

Only, and 2 Unfed.
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Figure 3 : |
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TABLE XII. ZLongevity of Caged A, vexans Adults At
Different Temperatures, helative Humidites %
And On Different Foods 1

Food
Tenp., Source 20% RH 50% BRH 30% RH
? . E P
LO°F  Honey 1 1 1 1 1
Water 1 1 1 1 1
Nothing 1 1 1 1 1 1

55°F  Honey 17.21(u9)2 13.0(33) 25.5(68) 11.4(29) 18.8(49) 10.2(30)
Water  19.3 (45) 10.9(39) 27.9(82) 13.0(45) 13.9(58) 7.4(23)
Nothing 4.6 (14)  1.9(25) 4.0(17) 1.9(9) 11.6(42)  4.6(19) %

R s

70°F  Honey  16.7 (49) 11.7(30) 12.3(41)  7.0(15) 16.9(40) 25.3(62)
Water  37.4 (76)  5.7(13) 19.5(49) 8.1(24) 12.1(68) 8.h(23)
Nothing 1.4 ( 3)  0.8( 1) 2.1( 6) 0.8( 4) 1.9C9) 0.9 6) §

1. av. of 3 reps.

|
2. maximum no. of days an individual survived. !
|
I

At AOOF death occurred within one day at all treatments. At EEOF and
7OOF, adults survived for various lengths of time depending on the treat-
ment conditions. ‘
Adult survival was greater when nourishment, either honey or water,
was provided than when no food was provided.

There appeared to be little difference in longevity at the different

humidities.
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Females lived longer than males at all treatments, and the
maximum number of days an individual survived was greater for females
than for males at all treatments.

An analysis of variance was performed of this data. (Table

XITI),
TABLE XIIT, Analysis of Variance of Data in Table XII.

Source of
Variation D,F. S9 1,5, F
Temperature 2 21,94 10.97 .33

~ Relative Humidity 2 3.52 1.76 49
Food Source 2 1222,07 611,04 16,97 ¢
Sex 1 500,67 500,67 11,13 ¢
Residual 28 1008,00 36.00

Total ' 35 2696 .00
| @t significent at 5¢ level.

Exposure to AOOF for 2/ hours was lethal, and therefore the LO°F
data was not used in the analysis.

The analysis of variance indicated no sigﬁificant difference in
longevity of adults at 559 and 7OOF, or at the different relatiﬁe»humidi—
ties. OSignificaence was indicated in nutrition and between males and fe-
males,

Least significant difference techniques (Steel and Torrie, 1960)

were used to locate more precisely where the differences odéurred (Table

XIV).




TABLE XIV, Least Significant Difference Analysis

Food Source '
Honey Water Nothing

Mean 15.5 15.3 3.0
Différence 0.2 12.3
LSD = 2 se2 x t (5%, 28 d.f.) = 2 x 36 x 2.048 = 5.02
r _ 2
Sex Female Male
Mean ' 14.6 7.9 LSD = .10
Difference 6.7
Temperature 550F 70°F
Mean 12,1 10.5 LSD = 4,10
Difference 1.6
Relative Humidity
20% 50% 80%
Mean 11.7 11.1 11.0
Difference 0.6 0.1
| IsD = 5.02

The L.S5.,D. analysis indicates, as did the analysis of variance,
that there is no significant difference in longevity at 55OF and 70°F or
at the different humidities, and that there is a significant difference
in the longevity of males and females. This analysis also revealed that

adults lived as long on water as on honey, but lived a significantly

shorter time when unfed,
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Discussion

At AOOF death occurred within one day. Different conditioning
or use of older adults may have resulted in greater longevity, but un-
der the conditions of this experiment, AOOF for 24 hours was lethal.
This in itself is worth noting, as the disappearance of A. vexans adults
could be anticipated if the air and ground surface temperature dropped
to AOOF for 24 hours. Adults of this species seldom occur before June
in Manitoba (Chapter VII, Fig. L), and usually are not abundant until
later in this month, so in nature the adults are seldom exposed to AOOF.
If the eir temperature drops to AOOF, but the grcund temperatures do
not drop, the mosquitoes find shelter in the surface vegetabion.

There was no significant difference in longevity between mosgui-
toes kept at 55°F and those kept at 7OOF. Both these temperatures occur
frequently at the time of year when A. vexans is dundant in nature,

The ability of the mosqguitoes to sur&ive as long on water alone
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 allowed,
the mosquitoes given hbney may have shown greater longevity, but under
conditions of restricted activity water alone appeared to be adequate.
The significant diiference in the longevity of those mosquitoes given
water and those given none was to be expected, as water is lost in res-
piration and must be replaced.

The females showed significantly greater longevity than the

males, In this case laboratory results can probably be applied to

nature, 4t present the reason for the shorter longevity of the adult
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male mosquito is not known.

There were no significant differences in survival at the three
relative humidities tested. It appears that mosquiﬁoes can survive
relative humidities as low as 20% if they have a moisture source avall-
able to replenish water loss due to respiration and transpiration. Re-
lative humidities as low as 20% are uncommon in the Winnipeg area, but
do occur occasionally for short periods of time. This experiment indi-
cates that A. vexans could survive such conditions with no difficulty.

It is not suggested that the results of these experiments indi-
cate that longevity of mosquitoes in the laboratory can be translated
directly to survival in the field, but the data may prove useful in the

interpretation of survey data as well as provide useful information on

culture techniques.




CHAPTER VII

SURVEY CF MOSQUITO POPULATIONS IN THE WINNIPEG AREA

Adult Survey

A number of New Jersey light traps were operated iﬁ and around
Winnipeg during the spring and summer months of 1965 and 1966, They
were controlled by electric timing devices and operated from 7 pm to
7 am., The catches were collected twice weekly and the adults sorted
to sex and’counted. In 1965, eight traps were operated inside Metro
Winnipeg. These were located at the Legislative greenhouse, Kildonan
Park, Assiniboine Park, Brookside Cemetary, Charleswood Sewage Lagoon,
" University of Manitoba, Windsor Golf Course, and Lot 62, St., Vital.
As a comparison, four traps were operated outside of the area treated
and fogged by the abatement district. These were located at the Glen-
lea Research Station, Oak Bluff, Lilyfield, and La Barrier Park. In
1966 an additional trap was operated at Transcona, inside the control

ared.

(a) Species Classification and Relative Abundance

Twenty-five species were identified from survey operations in

the Winnipeg area in 1965 and 1966. Table XV gives the species identi-

fied, and their relative abundance.

e




TABLE XV. Relative Abundance of Adult
Hosquito Species in Light Traps.
1965 1966
Charles- Charles-

Outside Inside wood Outside Inside wood

City City Lagoon City City Lagoon
Aedes vexans 5he28  55.6%  36.6% 39.3%  37.0% 18.2%
Culisets inornata 30.3 Bl 30.1 2.3 23.3 23.8
Culex restuans 0.2 0.35 - 5.8 5.2 3.3
Culex tarsalig 1.8 3.5 22.44 2.1 3.9 8.1
dedes flavescens 1.3 1.6 2.9 7.3 7.9 9.1
Aedes stimulans 3.3 0.8 0.7 6.2 Le8 Leb
Aedes riparius 1.5 1.0 - L.8 3.7 1.6
Aedes spencerii 2,0 2.2 3.6 3y Lo O 19.2
Aedes fitechii 0.7 0.05 0.4 3.0 3.1 1.6
Aedes excryusians 0.2 Ouky - 2.5 1.3 0.3
Aedes nigromaculis 0.2 - 0.4 2.0 0.7 2.6
dedes dorsalis 0.6 0.8 1.8 1.2 1.3 L6
Aedes implicatus 0.2 0.1 - 0.9 0.8 1.0
dedes cinereus 0.6 0.9 Osly O.h 0.8 0.3
Aedes intrudens - 0.1 - 0.2 0.5 0.3
Aedes sticticus - 0.2 - 0.1 0.1 0.3
Aedes campestris - 0.005 - 0,1 0.1 -
Aedes canadensis - 0.05 - - 0.1 -
Aedes communis 0.9 1.1 - - O.l”‘ -
Anovheles spp. 0.2 0.7 - 0.3 0.5 -
Culiseta morsitans - 0.05 - 0.1 0.6 -
Mansonia perturbans - - - 0.1 0.1 -
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The species of adults and the proportion of each species occur-
ring inside the control area was similar to the species and proportion
of each occurring oubtside this area. This suggests a possible infiltra-
tion into the control érea from the outside,

With regard to location, the Charleswood Sewage Lagoon trap was
considered separately as it was subjected to a different environment than
the other traps. This will be discussed later in the chapter.

Aedes vexans was found to be the most abundant species in the Win-

nipeg area. At times A, vexans comprised a greater percentage of the mos-
quito population than is indicated in Table XV. 1In Table XV the figures
given are average figures for the entire period of operation, May to
September. Figure ) shows more clearly the seasonal abundance of A4,
vexans,  During the summer months of 1965 this species comprised up to

85% of the mosguito population. The importance of 4. vexans in terms

of human annoyance is emphasized by the fact that Culiseta inornata,

the second most common species, 1s primarily a bird feeder and seldonm
attacks man.

(b) Adult Population Levels Inside and Outside the Control Area

Figure 5 and Figure 6 illustrate the adult mosquite population
levels occurring inside and outside the city in 1965 and 1966, as
measured by light traps. As expected, the greatest numbers of mos—
quitoes were trapped in locations outside the control area. (See
Appendix I and II for individual trap data.)

Two population peaks occurred inside and outside the control

area in both 1965 and 1966. The first occurred near the end of June and

the second four to six weeks later. The June population was first observed




FIGURE L., Numbers of Aedes vexans,

Culiseta inornata, and Other

Species Trapped in 1965 Survey.




51

20000 D‘Total no. of mosquitoes
No. of Aedes vexans -
-No. of Culiseta inornata
18000
16Q00
0.
F P
14000 L]
0 [ -
S 12000 -
Q -
U ]
I 10000
T 0ogf ]
//
0 L~
E  80@0 —1 Z7
s "% =Zh ZZ
% =
= //
// //rr
//7 P
// /
A4 L~
//;""" L
2 o o I s e
S Z
2000 L] ]
] ::
O‘ 3 ry " »
1 7142128 § 1219 26 2 16 23 6
JUNE JULY AUGUST

Figure 4




in the traps outside of Metro Winnipeg, then in the traps inside Yetro,
L or 5 days later. This has been the trend for most years since trap-
ping was begun in 1957. This indicated that mosquitoes produced outside
of Metro Winnipeg move in some days later.

In 1965, the first population peak inside Hetro Winnipeg was la-
ter but larger than the first peak occurring outside the city (Fig. 5).

in 1966, the population peak occurring about July 15th was larger inside

the control district than outside it (Fig., 6). This suggests that infil-
tration of mosquitoes into Winnipeg was not only from the area immediately
outside it, but that a migration and convergence on the city from farther
off occurred. Migration and convergence of other populations later in the
summer are not apparent from the graphs (Figs, 5 and 6), but they may have
occurred over an extended period so that the effect was not shown in the

light trap catches,

(¢) Daily Catches of Male and Female Aedes vexans Adulbs

Three traps outside the control area were serviced daily from

June 17th to July 30th, 1965. These traps were locabed at Oak Bluff,
La Barriere Park, and the Glenlea Research Station. The daily catches
are recorded in Appendix I1II,
As shown in Figure 5, a population peak occurred during the last
2 weeks of June, 1965. ' The daily catches of males and females from three

" traps during this period are shown in Table XTI,




FIGURE 5, Numbers of Adults

Trapped Inside and Outside

Winnipeg in 1965 Survey,
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TABLE XVI, No. of Adult Aedes vexans Trapped
at 3 Locations Outside the Control

Area, 1965,
La

Date Qak Bluff Barriere Glenlea Total
¥ g & o 2 & 9 g
June 17 160 0 7 0 L 20 171 24
18 _ 80 1.0 0 7 54 21 135 161
19 v 150 110 7 20 KO 30 197 160
- 20 50 70 132 132 70 70 252 272
22 _ 100 80 20 60 8 L 128 1u,
23 80 280 6 9 9 L 95 293
2L 75 50 0 O 45 40 120 90
25 1000 100 170 30 270 90 1340 220
26 0 0 1 2 15 6 16 8
27 60 15 0 0 30 0 90 15
28 L5 30 2 0 L 0 51 130
29 66 33 L4l 22 120 0 230 55
30 110 30 L o 11 2 125 32

During the early stages of the increase in population, from June
18th to June 23rd, more male than female mosquitoes were trapped (Table
XVI). From June 23rd on, greater numbers of females were trapped. The
predominance of males at the start of a population rise is due to the shorter
developmental period of males.

In rearing Aedes vexans in the laboratory, it has been found that

males have a shorter developmental time, from lst instar to adult, than
femal es. Females usually do not emerge until 2-3 days after male emer-
gence, depending upon the rearing temperature. Also, female mosquitoes

live longer than males and progressively meke up more of the subsequent

population,




The appearance of large numbers of males in survey traps may
possibly be used as a1 indicator of population increases. No work has
been published to date on sex ratios in field populations of mosquitoes
and trap catches,

(a) Number and Ratio of Females and Males of All Species
"Inside" and "Outside" During Population Peak, 1965

The ratio and averasge number per trap of female and male adult
mosquitoes trapped'inside and outside the control area during the first
population peak of 1965 (Fig. 5) is given in Table XVII.

TASLE XVII. Number of Adults Per Trap and Ratio of

Females to. Males of all Species Trapped
Inside and Outside the Control Area, 1965.

Inside Control Area. Outside Control Ares
Collection FalM Fsl
Pericd Ngé Caught Per ﬁrap Ratio No.FCaught Peﬁ_gfép Ratio
June. l-June 3 7 ‘i 7s1 10 2 5:1
o=t 79 , 1 9:1 20 5 Lil
o8-t 10 2 1 2:1 1L 1 1421
Bol1-m 13 66 28 2.36:1 92 99 1:1,08
v 1lp-" 16 98 NN 2,39:1 695 647 1.07:1
"o17-n 20 727 331 2,20:1 273 27 l.11:1
Ho21- M 2) 422 46 9.17:1 351 296 1,19:1
o2L-" 28 394 34 11.59:1 942 498 1.89:1
[ 28-July 2 357 31 11.52:1 360 117 3.08:1

July 3-" 5 187 17 11.00:1 4oL 70 7.06:1
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The mosquitoes trapped in the first three collection periods were

mostly Culiseta inornata females which had left their overwintering sites,

This accourts for the large female to male ratio occurring up to June 10
(Table‘XViI).

The female to male ratios outside the control areas stayed rela-
tively constant at about 1:1 from June 11 to June 2 (Table XVII). After
this, the F:M ratio gradually changed to favof females, and by July 3 it
was 7:1 females to males. This was due mosﬁ likely to the greater longe-
vity of females (dedes females normally live about twice as long as males
in the laboratory). Inside the control aréa, the F:lM ratio was about 2:1
at the beginning of the population peak (June 14-16). During the next
three days, June 21-24, the inside trap caught 9 times as many females as
males and this ratio went up to 1l:1 (F:M) on June 2,-28. During the
same period, June 17-2L4, the F:M ratio in the outside traps stayed at
1:1 (Table XVII) and only climbed to 2:1 by June 2,-28,

The sudden change in the F':lM ratio (2:1 to 11:1) occurring around
June 20 inside the city was due to three possible factors: (1) more fe-
males then males migrated intd the city, (2) males may have been more
adversely affected by DDT fogging being carried on in the city, and (3)
males migrating into the city may not find a proper food source and may
die within a few days, never reaching the traps. All of these factors
should be studied in much more détail in the future,

(e) Bffect of Precipitation On Adult Population Levels

Precipitation is the most important environmental variable affect-

ing mosquito populations., This is shown in Figure 7 and Figure 8, which

relate adult population levels to precipitation in the years 196) and 1965,




FIGURE 7. Relation of Adult Mosquibo

’ Population to Precipitation, 1965,
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FIGURE 8. Relation of Adult
Mosquito Population to

Precipitation, 1966.
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The ground water resulting from melting snow in early spring did not re-
sult in any apureciable numbers of adult mosquitoes, as can be seen in
the graphs. The first rise in the adult population occurred in the first
vart of June of both years., This was three to four weeks after the first
heavy spring rain, the time required for mosquito eggs to hatch and the
life cycle to be completed., Similarly, the second population peak occurred
after heavy rains in late June and July. The interval between a heavy
raihfall and a population increase was shorter for the second population
because of higher temperatures. The two population peaks were made up
mainly of A, vexens, a multi-generation species whose over-wintering eggs
do not hatch during the spring run-off, but hatch later when the water

temperature rises to an appropriate level.

Larval Survey

Mosquito larval surveys were conducted throughout the Spring and
Summer of 1965 and 1966, usually prompted by heavy rainfall. The species
collected and their date of collection are given in Appendix IV and V.
Table XVITI shows the nunber of developmental sites of each specles sampled,
and the month in which the collections were made. The univoltine aedine
species occurred primarily in the spring, whereas the multivoltine aedine
species were found throughout the sumuer. The larvae resulting from ovi-
position by overwintering females of Culex and Culiseta species Wére not
found in appreciable numbers until July. A.vexans was found more frequently
than any other species{Table XVIII),

The lawal surveys of 1965 and 1966 revealed 92 developmental sites

outside the conbrol area and 33 within it. The survey was largely restricted

to areas easily accessible'by road, so many developmental sites outside the
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Gty were possibly‘overlooked. Usually developmental sites in the City
were small and contained relatively small larval populations, whereas
the outside sites were large and hence supported greater numbers of
larvae. The large number of larvae found oubtside the city combined with
the few larvae found inside the city again indicates that many of the

adult mosquitoes found within the control area were produced outside.

Survey of Charleswood Sewage Lagoon

Sewage lagoons may be considered possible health hazards due tq
bobh their function as purification units of human wastes and their poten-
tial as mosquito production sites. Because of this a light trap was
operated and an extensive larval survey was made at the Charleswood Lagoon,
on the outskirts of Metro Winnipeg.

In both 1965 and:1966 greater percentages of Culex tarsalis, con-

sidered the primary encephalitis vector (Horsfall, 1962), were trapped in

the lagoon area than at the other trap locations (Table XIX).
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[GURE 9.,

(1) Shore of Charleswood Sewage
Lagoon Cell Free of Vegetation.

(2) Shore of Charleswood Sewage
Lagoon With Vegetation, Making
it More Suitable For Mosguito
Oviposition.
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TABLE XIX, vRelative Abundence of Hajor
Hosquito Species.

1965 1966
Charles- Charleg-

Outside Inside wood Outside Inside wood

City City Lagoon City City Lagoon
Aedes vexans  54.2% 55.68  36.6% 39.3% 37.0% 18,2%
Culiseta inornata

30.3 2.4 V.1 20,3 23,2 23.8
Culex tarsalis

1.8 3.5 22.4, 2.1 3.9 8.1

It is known that Culex species can develop in permanent pools and
lagoons, and hence g weekly larval survey was conducted from Hay to Septem—
ber in 1965 and 1966. Three of the five cells meking up the lagoon were
examined each week. Samples of the water at the edge of the cells were taken
every 10 yards with dippers, and the cells were also given close visual
examination. No mosquito larvae were observed, but it is possible that in
the vast expanse of water making up the lagoon, several hundred larvae could
have gone unnoticed,

In 1965, fewer adults were caught in the lagoon trap than at any
of the other traps (Appendix I). This may have been due to the grass in the
area being kept short and the lagoon edges being kept clear of debris (Figure
9-1). In 1966, the trap at the lagoon rated fourth in the number of mosqui~
toes caught of the thirteen traps operated. In 1%6, vegetation was allowed
to grow around the edges of some of the cells (Figures 9-2) and this vege-
tation may have contributed to the large adult population in the ares by

providing shelter for adults and suitable oviposition sites for aedine

species as well as Culex and Culiseta species. In spite of the large




adult population, no larvae or egg masses were observed in the lagoon

cells,




CHAPTER VIXI
WESTERN ENCEPHALITIS INVESTIGATIONS IN MANITOBA
The western equine encephalitis virus causes inflammation of
.cells found in the central nervous system of horses, primates and

numerous birds. In men its effect is usually mild and short lived, &a“h

but occasionally permanent damage may be done to areas of the central

nervous systen and death, although uncomron, may occur. In 1941 an
epldemic struck man in Southern Manitoba and neighbouring parts of

North Dakota and Mimnesota, and over 3,000 cases were reported with a
mortality'of 8 - 15 per cent (Horsfall, 1962). No epidemics have been
reported in recent years, bult isolated outbreaks among horses and oc-
casional human cases have occurred. The cccurrence of western encephali-
tis in Manitoba in the past 25 years is shown in Table XX.

The first investigations on western encephalitis in Manitoba were
done by Dr. J. McLintock from 1942 to 1945. The methods of collecting
and handling mosquitoes used by McLintock (1946), together with his later
developments in Saskatchewan, provided the basis for the present program
in Manitoba,

The present program began in 1965 on a preliminary basis, Lack
of funds and personnel limited the number of mosquitoes which could be
éfoperly‘handled, and dictated the use of sub-opbimal techniques. In

1966, increased funds and personnel were available, permitbing more mosquitoes

to be handled and permitting the use of more reliable techniques. The wes-




TBR
1941
1942
1943
1944,
1945

1946
1947
1948
1949
1950
1951
1952
1953
1951,
1955
1956
1957
1958
1959
1960

1961
1962

1963
1964

1965

TABLE XX, Incidence of Western Encephslitis in
Kanitoba Over The Past 25 Years
CASES DEATHS CASES DEATHS
521 79
L1
13
8
6 5
81 1
I 7
37 6
2 2
L 1
6
11 k4
5 3 32
1 1 3
8 1 3
8 1
8 1 5
. 5 2 6
3 1
L 2
9 95
18
9 75
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tern encephalitis project in Manitoba is expected to expand in 1967
due to increased financial support and knowledge gained from past
experience,

The investigation is being carried out with the assistance and
cooperation of the Manitoba Department of Health, and the Winnipeg General
Hospital Virus Laboratory.

Design and Operation of “Western Enceochalitis Survey Trap

The trap used at present in Manitoba is a modified New Jersey
trap (Fig. 10).

The trap consists of three units:
(1) a cylinder containing an electric motor and fan, (2) a canopy carry-
ing a light, and (3) a screen cage that fits into the cylinder to hold
the insects. The fan is located at the base of the cylinder below the
level of the screen cage, This draws the mosquitces down into the cage
without having them pass through the fan blades. The canouy has an
attached fixture for a black ultraviolet light. Ultraviolet light was
found to be more attractive to mosquitoes than white incandescent light (MSc
thesis, Brust, 1960).. This is the major difference from the trap used by
HcLintock (1946). The cage consists ef a screenéd fumnel leading to a
cylinder, both of 16 mesh screening. The base of the cylinder is a re-
movable metal cap by which the insects are removed. The cage is supported
by three metal tabs which attach at the top of the trap cylinder (Fig.
10-1).

The trap was started and stopred by an electric timer. It was
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started at 8 pm and stopped at 10 am daily. The trap was emptied as
soon as possible after daybreak to évoid the heat of the sun and its

7,5
2
]

subsequent desiccating effect on the mosquitoes. While the fan wes
running, a sponge stopper was inserted into the mouth of the funnel

to prevent any of the insects from escaping. The screen cylinder was
replaced.with an enpty one. The catch was placed in a styrifoam picnic

cocler together with a refreezable ice pack and a moisture plug, and taken

to the Winnipeg laboratory.

1965 Investigation

Four traps were operated in 1965. Two were operated at the Delta
Wildfowl Research station, ancther on a farm near Gladstone, and a fourth
on a farm at Osk Bluff, near Winnipeg.

The traps were serviced daily and the cages with the insects were
immediately placed in a freezer at —ZOOC. This immobilized the insects
sufficiently to transfer them to another container in the freezer., Due
to lack of personnel, the mosquitoes were not separated from other insects.
The daily catches of all insects caught for a three week period at Osak
Bluff were pooled in a single container, and the same procedure was used
for the Gladstone catches. Bach day's catch from Delta was kept separately.
The insects were kept at —ZOOC until they were transported to the virus
laboratory for analysis. The anélysis tedhnique consisted basically of
grinding up samples of the insects and forming a suspension to use as an

inoculum for mpuse and tissue culture tests,

A1 attempts to isolate the virus were negative (Appendix VI). How-




10-1 BEncephalitis Trap, Showing
Collecting Cage.
10-2 Encephalitis Trap in the

Field.
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ever the techniques used in handling the mosquitees, particularly leav-
ing them unseparated from other insects, was unsatisfactory and may
possibly have contributed to the negative results.

1966 Investigation

The encephalitis project was operated on a larger budget in
1966. This allowed the purchase of necessary materials and permitted
daily shipment of mosquitoes by bus from rural trap locations. Bqually
important was the operation of collecting and handling of mosquitoes
which became the full responsibility of Mpr. J. HacKay.

Four traps were operated in 1966, and these were located at
Delta, Brandon, Assiniboine Park, and the Charleswood Sewage lagoon,
Several factors were considered in choosing a trap location. (1) Per-
sonnel must be available to service the trap and send the catch to
Winnipeg., (2) The trep must be located nesr a bus route to have the
catch reach Winnipeg rapidly. (3) Electrical power must be available.
(L) The trap should be located in areas with large concentrationsg of
waterfowl or domestic animals, Charleswood and Delta were chosen be- .
cause of the large concentration of migrating waterfowl which serve as
hosts to mosquito species commonly found to transmit WE ', Brandon was
selected because of the high incidence of WE in horses over the past
years. Assiniboine FPark in Winnipeg was convenient as'a trap location
and the zoc animals attracted a large nunber of mosquitoes to the ared,

Tmmediately upon rémoﬁal from the trap, the cage containing the

insects was placed in a styrifoam cooler containing an icepack and wet

rags to avoid desiccation in transport. From the Brandon and Delta loca-
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tions, the cooler was sent by bus to Winnipeg. T@e time between servic-
ing of the trap and the time the insects reached the laboratory was sel;
dom more than four hours. The traps at Charleswood and Assiniboine Park
were emptied in the morning and the catch brought directly to the labora-
tory.

In the laboratory the contents of the gpresn cages were transferred
to separate perspex cages. To do this the base of the screen cage was in-
serted through a sleeved opening and the metal cap removed. The female
mosquitoes were then taken individually from the perspex cage with an aspira-

tor and identified to genus (Aedes, Culex, Culiseba, Anovheles). Mosquitoes

of the same genus and location were placed in World Health Organization adult
testing tubes. These tubes were shaken vigorously to stun the mosquitoes.,
the mosquitoes were then placed in 10 c¢ ampoules and the ampoules labelled
as to date,location, genus of the specimens, and number of mosquitoes. The
ampoules were heat sealed and immediately placed at -55°C on dry ice. They
were subseqguently stored and transported on dry ice until analysis for the
virus was carried out.

The technique for enalysis consisted of grinding the samples with either
a glass rod for small samples, or with a Tenbroek tissue grinder for the larger
samples. Suspensions made in the diluent consisted of 199 with 30% foebal
calf serum. Antiblotics used in the diluent consisted of 100 units Bactracin,
200 units Polymysin B Sulphate, and 0.2 mgs. of Neomycin Sulphate. Suspensions
were kept frozen at -20°C until ready for testing, at which time they were thawe
and centrifuged at 3000 R.P.M.., All attempted virus isolations were made in

cultures of fibroblast tissue of chick embryos, and were conducted by the virus

laboratories Winnipeg General Hospital,
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The number of mosguitoes caught throughout the sumer at the four
trap locations is given in #ppendix ViI,
ALl attempts to isolate the virus from collected mosquitoes were
m

negative (Appendix VIII), The incidence of WE in 1966, as determined from

the nunber of clinical cases in horses and humans (8 suspect cases in horses,

none in humans), was one of the lowest ever to occur in Manitoba.




CHAFTER IX

COLLECTION CF ADULT MOSQUITOES IN A 40 FOUT VERTICAL

TAYLCR TRAP

Method and Eguipment

A trap was put up by the Department of Entomology, University
of Manitoba, to sample insect populations at 40 feet above ground level,

The trap (Figure 11):consisted of a number of sections of 24 gauge gal-
vanized piping, 10 inches in diameter, with a 4 inch flare at the top,
extending vertically to 4O feet. Suction was applied at the base of this pip-
ing by a 13% inch fan powered by a 3/L horsepower electric motor. The mo-

tor was encased in plywood and was bolted to a cement foundation. No attrac-
tant was used. Insects sucked in at the apex of the trap were funmneled into

a bottle containing potassium cyanide.

The trap was located at the Glenlea Research station, 14 miles south
of Winnipeg. In 1965 the trap was operated 2J hours a day and was serviced
daily from May lst to August 30th. The mosquitoes caught in this trap were
separabed by sex and identified.

Results

The number, sex, and species of mosguitoes caught are given in Appen-
dix X,
Discussion

Aedes vexans and Culiseta inornata were the species trappéd in the

greatest number. They were also the main species caugnt by a light trap




operating in the same area, however the light trap caught greater numoers
due to both the use of light as an attractant and the fact that it was
closer to the ground.

The number 'of females of all species taken throughout the summer
was small, indicating that the mosguito 'po;oulation at 40 feet was small.
This was similar to the results reported by Burgess and Haufe (1960) in

They sampled mosquito

a study of stratification of prairie mosquitoes.
populations at 5 feet, 25 feet, and 50 feet, and found that over the
orairie there was a general decrease in the density of all species as

height above ground increased.

On several occasions relatively large nunbers of Aedes vexans

males were caught. Burgess and Haufe (1960) also reported cepturing
large numbers of A, vexans males at the top level of a vertical series
of traps. Possibly the trap had acted as a swarm marker, Hale mosqui~

toes frequently swam over tall trees, chimneys, church steeples, and

other such objects which conbrast with the background (Downes, 1958).







.
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Figure 11
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insecticide to kill larvae by June.

occurred, did not cantain enoug

With one exception (Semple C), only the

)

ocls resulted in at least 905 mortality in the test larvae. The

4ol

samples taken from temporary vools generally resulted in less than

‘ ~

20% mortelity. This indicates that fall treatment of temporary pools

and ditches does not give control in June. The tests made on the

winter apolication of 30% DDT vermiculite granules also indicates beb-

ter control was obtained in permanent than in temporary pools (Table
XXi-B)., The apparent tendency of the insecticide impregnated gramules
Tto be carried awsy with run-of f water suggests limiting the use of this
material to permanent and semi-permanent pools.

Table XXI-B dlso shows the effect of a heavy rainfall on the
effectiveness of pre-season insecticide application. The 2 inch rain-

]

fall occurring between sempling dates resulted in a decrease in effec—
tiveness of the insecticide in helf of the sample areas, This was DOS~
sibly due to dilution of the insecticide and further loss by run-off.

Additional rainfall throughout the summer would possibly result in a

further decrease in the efiectiveness of the insecticide.
Discussion

Pre-season application of insecticide should be limited to DETEN~
ent or semi~permanent pools. A second treatment with insecticide shéuld

1 J

be considered before the summer is over, Larvae of ALedes vexans, the primary

pest species in the Winmnipeg area, do not oceur until June and are found mainly

in temporary pools. Therefore, it appears that a pre-season insechicide apoli-

£y
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Figure 12
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I : :

The verniculite and bentonite granules lost none of their DDT

content during a year's exposure to natural conditions in

'3
<k
o
431
Q
=
O
D
]

dises, HNeither of the of sranules had a lower DDT content after

exposure to the naturally occurring tespsrature fluctuations and precipi-

ntent

tation than the control samples, The slight difference

of the samples can be attribubed to variation in testing,

The vermiculite which was imersed in a pool for 6 months lost

Discussion

The DDT content of wvermiculite and bentonite granules remained

' -

constant during temperature fluctuations., It aprears that rainfall had

little effect on removal of DDT L

sregnated on the vermiculite and ben-

tonite granules, although in the screen discs the larger rain drops were

fL‘)

broken up before reaching the varticles, and this may have diminished
thelr erosive effect,

“he relatively large loss (30%) in DDT content of the vermiculibe
which was immersed may have been due Lo the zbrasive action of the waber.
However, the conditions which these narticles were subjected to are un-
like those which particles used in normal control procedures would re-
calve, as vermiculite particles floal and heace would not be exposed to
the abrasive action of water to such an exbent.

B

Ihe fact that there was no loss of DOT content of the vermiculite

(original test Jan. 1965 - 29.3%) after almost 2 2 years storage in paper

bags at oubdoor temperatures (Nov. 1966 ~ 30,02%) indicates that DDT ime
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Zcology

Jalley, Uelifornia, Ann,

Heath, D, ¥, 1963. Some Protlems in

dntomology, #rthrovods and Human Disease.
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Ka K., 1966, Aedine mitobas
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Appendix IX

Report Form

WO TEST FOR INSECHUIDE-RESISTANCE IN ADULE 4\l()Sl)l 1tos

Date d‘u{aﬁ/v\\hw%/bé N Record No.

Insecticide - DOT/di mm-&hu‘ [*B Species

3. Investigatar - ¢ 2. Covntry : (B O @O~

3. Province: o o |4 Localty: A AARD .

5. History of insecticide treatment (inclpding agricutiure) : ;:&g,\b,.g g %M J@.uwv‘g N

6. Condition o mosquitos: blood-fed gray nfe hid mates b 7. wWhere colleciod  shelters sprayadiunsprajed Qutdoorstingibred out’

8. Type of test on jon 1 Brst time FQutin hocé;complelu retistt 9. Exposure period (minutes) D40 .
i i

Tests Preluminary i Repticate 1 Rephicate 2 Rephcate 3 i

‘25.._,;:&,0.

Date of test

Temperature during

exposure petiod ¢ i (or comparable
- Y] C, . . ¢ tests oniy)
Humidity during
exposure period (%) L0
Temperature during Max. o | Max. !
24-hr holding period ("C) | Min. 10 i Min. H
- ; =T o, | ; ; Hort. | - WMot 1 ;
Insecticido | Mar | | | Mo : ort.
cor\cn:\!mhch §oUs) | Dead ) { Dead : Total | (2 | Totat & 92 | Dead |
. R icorr.’ o« I i i corr. c H
: =
‘ i
0.0 \002 '; !
19 345 . |
o " 5 | 746 Poorr ]
- i i
O 29 1 73.( I | : 1
Control | ‘o e | I [
foit alone) l o PO 1O |15 | | | i !
¢ Cross out what does not apply + Corroct by applying Abbott’s formula if control mortalily is between 5% and 20% (see instructions)
Remarks : .
laturpret of results

-
Signatore of mestigntor: AR - C¥ M»&fg—

One copy of this form fo be senl on complelion to World Health Organization, Vector Contral Unit, Division of Envitonmental Health, Geneva, Swnteeriand.
A econtt copy to be sent on completion to the appropriste WHO Regional Office.

LS

Report Form
WHO TEST FOR INSECTICIDE-RESISTANCE IN ADULT MOSQUITOS
Dateyame 16 /(r(p Record No.

Insecticide : DDT[digtdrin/other * oD T Spec’ﬁ-‘ [Ryeyy-vv
1. lavestigator ; . . 2. Country:

MR S
3. Province : . 4, Locality : (2 MMM&L@
5. History of insgcticide treatment (including agriculture) : [UNTWS 7 8 ‘fmw.. GAre e beade L
B patigy ‘&, o> _3 o‘& . w&/y-% 5p.¢wn-? & AasAmnRAS
6. Candition~of itos boo&- g %sugar' dImales ? Where collected : shefters spray & sibitingBIEL 00T
ref

8. Type of test on population : ficst tim test ! 3. period (minutes) : [
il Tests ! Preliminary ! Replicate 1 ! Roplicate 2 ; Replicate 3 |
] . |
Date of test I i
- c‘.u.n\.u 9 (JJ.M\L, (] ! ,1_,
- : Totals
Temperature during o R ! ! dor o34
! | parable
‘exposure period a0° G a0 a J | tests only)
Humidity during i
exposure period (% o0 % 50 2 |
Temperature during Max. Maz. Max. | Max. |
24-hr holding peried (C) | Min. 9} O °C (Mo 20°G Min. | Min. !
Insocticide Mort. l Total Mort. Total Mort. | o Total Mort. o T Mort.
. 2 % L d 13 29 d 1. % %
socticide on (20 Dona | Totat | ) | Dead | Total | 60 Deaa | Total | €0 | oad | Totat | 04}, | Ooad otal | D)

1+ 0 1o | 15 R24 8 115 100
0.5 pk 5 Q44 a0 |15 |9as

a0 ECARES - 30E) 15 lico] \

0. a3 OIS SN 72.6] . l
. (o lislololslol | L [ | |

' Cross out what does aot apply + Correct by applying Abbott’s formula if control martality is between 5% and 20% (see instruclions)
Remarks : e s B

tatarpretation of results

~
Signature of investigator : ,Q,(’L - (iaﬂM

O‘nc copy of this form to be sent on completion lo ! World Health Organization, Yector Conteol Umt, Division of Enviconmental Health, Geneva, Swilzerland.

A second copy to be sent on complelion lo the appropriste WHO Regiorial Office.




oawaMgM &l /b&

Insecticide : DDT [dietdrin/BHC/other ! 00 T

. tuvestigator <

w e

o

.
L Counry: (@ ANAAQA \ i ’? .
. History of iqsecticida treatment (including agricuiture) : el povw e

amen (i e T

. Condition of tarvae : instar 1% % reared/cotiectedfother ' .
" Results of test (abbreviations : "M'* = moribund ; *'D*" — dead)

Appendix IX

Report Form

STANCE IN MOSQUITO LARVAE

Species: ww [ Y- WY WYw

o Localy: WS IRA { PEG

WHO TEST FOR INSECTICIDE-RES

&,\M R et
. Province ; mAn‘-’ [ 2 414

Tests

‘ Replicate 1 Repticate 2 Replicate 3 Repticate 4

Date of test

Totals
{for comparable

M . 8k % A5 tests only)

Temperature during tost . ‘ ¢
ot a0°C
ort. Mort. Mort. tdort. Mort.
A M&D ! Totat (%) Mabi Total (%) M&D Total (%3} M&D| Total %)
orr.’ cormr.? corr.’ corr.? corr.’

s . M
ns2clicide concentration .
(0.p.m) M& D Total C(”)

0.1
0.0

o004

Contral t

Qowrrol o

5 |15 oo |15 |15 jtoo
15 Las loo |15 |5 4100
14 L6 B335 | 1300
o
o

-

5o lo 150
g loto lig o

: Cross out what does not apply

Remarks :

s Correct by applying Abbott’s formula it control mortality is between 5% and 20 (see instructions)

Signature of investigator : R.. Cfg-am

One copy of this form lo be sent on completion to: World Health Organization, Veclor Control Unit Division of Environmenlal Health, Geneva, Swilzerland.
‘A second copy lo be sent on completion lo the appropriate WHO Regional Office.

Report Form

WHO TEST FOR INSECTICIDE-RESISTANCE IN MOSQUITO LARVAE

DOate O»&.wd: [Ty .lwa . . -
Insecticide : DT [dieldrin/BHC/other ! onT  species; (bomdraaten DU 95

1. Investigator ¢ .
2. Country : ;

A O IR e~ Aottt Sxad

Qg 3 valn(;i L Magn X See 4. Locatity: %
5. History of Insecticide treatment (including anvi:ultures: p.,\,o_té vas - .,Q% ..uv\.a “+- ,

5

6. Condition of larvae : instar W, 4
7. Results of test (abbreviations : HM*" — moribund ;

rearodjoatiectedfother ¢ Caf LK ol

* - doad)

Tests

e

Date of test

SL% Y Q&% 1K i tests onty}

’ Replicate t Replicate 2 Replicate 3 Replicate 4

Totals
(for comparable

Temperature during test © ©
40° G _230°C
: Mort. Mort. N Mort. Mort, Mort,
‘“;""‘C"Cm‘“ concentration | 4 &b | Towat | (52 |MaD| Total | 2 [ MaD | Towl § 08 MaD | Tol | (%) |M&D| Total | €4
p-p-m. corr.? corr.t corr. corr.? corr.?

©. 1
LD
.0 0M

Control 1

QOMTG-O\:-. X

v 125 lico [45. |15 1100 = I I
S 1€ oo las | asT | beo B
1§ a5 |ioolig 1aa ] oo . .

1 15 lev |0 |48 O | -
a s zalo e @ . I I I

1 Cross out what does not apply

Remarks: ......e....o-

3 Correct by applylng Abbott's formuta if controt morltality is between 5% and 20% (see instructions)

Signature of investigator: /?_Q .

One copy of this form to be sent on completion to : World Health Organization, Veclor Controf Unit Division of Enyironmenlal Health, Geneva, Swilzerland.
A second copy lo be sent on compietion to the appropriate WHO Regional Office.




Appendix IX

Report Form

WHO TEST FOR INSECTICIDE-RESISTANCE IN MOSQUITO LARVA

Date dula& a3 ‘ 1A .
Insecticide : DOT/dieldrin{BHC fother ¢ nonT soecies: Ciadant Aol s

1 nnwana:aé AR oo, Ceadus o .ﬂm Y2 i )

2. Country: e do 3. Province : PN N TN 4 tocality: L danoniygo

5. History of insecticide treatment (inchuding agriculture) 1 OLALBS .A_pm.&f,&. ol ot o 0&_&1‘%
6. Condition of farvadd instar  Facha- ot LL;Q\A- rearedscoticctediomer + CoLdeaTal

7. Resufts of test {abbreviations : "M — moribund ; D' — dead)

Tests Replicate ! Replicate 2 Replicate 3 “ Replicate 4
Date of test tor Tc:t‘als’ it
St safuel Nt a8l i
Temperature during test 0; i ?;
ae 0l
nsecticide concentration | 1y & o | Totat MY Iman ) Tom | S0 [MaD ] Towm M man ]| Tota ’ O I map | Tom e
p-pm) corr.: corr. corr. corr. corr.
Q.5 . 80 |20 |00 20 d0 [+0O
0.3 20 | &o |jo0 i A0 30| 40O
o.1 380 [ a0 |10 40| &0 | 100
0.0 so a0 lioo| i1 | 2097 ;
0.004 12 | 20 | o | 18 | 80| Q0
Control 1 O a_'u O O ao o
Gowtiol o O© laoc [0 0O |20 p

* Cross out what does not apply = Cotrect by applying Abbolt's formuta if control mortality is between 5% and 203 (see instructions)

Remarks: ... . - .
Signature of investigatar: R, CP. ,W%—

One copy of this form (o be sent on completion to : World Health Organization, Vector Control Unil Division of Environmental Health, Geneva, Switzerland.
A second copy to be senl on completion lo the appropriale WHO Regional Office.

Report Form .
WHO TEST FOR INSECTICIDE-RESISTANCE IN MOSQUITO LARVAE
Date W 19 l (A

Insecticide : DDTIdielgrin/BHCIolhciép oov . L Species : Q;.,u._ﬂu‘;, +araolia

. Investigator . B .

. . e . S

. Country : [N 3. Pruvinacj: m ML:T. .4 Localyy: .Ar)

. History of insecticide treatment (incWe): [ ~e.,;.e .Mgé o @% At ﬂ b k’ m 2
S AL AN LA (4808

Condition of larvae : instar sthe rearedfcollectedjother ' B L a ATAA

LS

6.
7. Results of test (abbreviations : *"M*" ~ moribund ; *D" — dead)
Tests Replicate 1 . Replicate 2 Replicate 3 I Replicate 4
Date of " Totals bl
ate of test A lor comparable
Qua iglee | qua - 1%led tests only)
T d test J a
emperature during tes!
A0° 20" G
rics ’ Mort. . Mort. Mort. Mort, Mort.
tasecticide concentration | g s p | Total | (5) |M&D| Total | (5 |M&D| Total | (%) {M&D| Tota! | (%) |M&D| Total | (%)
p-p.m.} corr.? corr.? corr.? corr,? corr.t
O 13 | 1Y (10045 |15 100
0,02 15 Lad Lioo|aF |15 |00
0.004 14 115 R33 | i |15 (933
Conlrot 1
R U - S PRV B W E- O - 35N
- -
Gonrasla | © W L0 1 T L6
* Cross out what does not apply * Cotrec! by applying Abbott's formula if control mortatity Is betwoen 5% and 203 (see Instructions)
Remarks :

Signature of investigator : /«, Q -

One copy of this form to be sent on completion to : World Health Organization, Veclor Conlrol Unil Division of Envirenmental Health, Geneva, Swilrerland.
A second copy to be sent on complelion o the appropriale WHO Regional Office.
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