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A ESTR AC T

by

Norman Robert Brandt

ORIENTATION, DTSPERSAL AND CONTROL OF MOSQUITOES IN THE

GREATER \ru-INNIPEG AREA

Mosquitoes orientated signifícantly in an upwind fashion, In spite

of this however, rnany stíIl flew downwind. Chironornids however,

orientated significantly in a downwind direction. On the contrary, rnany

stil1 flew upwind. Moths orientated neither in an upwínd or downwind

direction" Local air currents including vortices, but also lees influenced

the catches within the insect traps and were misleading when deterrnining

whether insects flew upwind or downwind,

Mosguitoes (Aedes aeåypti)attempted to keep the background

stationary or Trroving frorn -ihe front of the eye backwards during flight.

This phenornena was not exhibited by Aedes vexans, or Aedes irnplicatus.

Mosquito flight (Aedes aegypti and Aedes vexans) was stirnulated by

Íncreased wind ruro"rr[il-tl ""r,'om; or wind. rhis

behavioulwas not characteristic of Aedes irnplicatus. The flight periods

"f &ggj_"ugypd.lÃi'ere longer than those of Aédes vexans.

Dispersal by wind or rnigration frorn an external breeding site,

was found to influence mosquito distribution in the Greater lMinnipeg area.



Certain species of mosquitoes weïe found to be characteristic

of specific areas in and surïounding Metro 'Winnipeg.

The amount of precipitation had a direct effect on the intensity

of the mosquito infestation.

Tests have shown that no resistance to D. D. T., Garnrna BHC or

dieldrin have developed in the rnosquitoes of the 'Winnipeg area.

Saponin indicated that it could have practlcal application for

rnosquito larval control .



CHAPTER I

INTRODUCTION

It is interesting to trace the origin and history of. this word tmosquitor

and why it of all others should have come to be used. Clearly the word

rmosquitor is of Spanish or Portuguese origin and if is probably correct to

say tJrat, it must have come originally frorn Spanish or Portuguese America.

The earliest work dealing with the mosquito in what may perhaps be called

medieval literature is Aldrovando (1602), a rnassive work entitled tDe

Anirnalibus Insectist. During the period comprised in the latter half of the

eighteenth and first half of the nineteenth century, roughly 1750-1850, the

mosquito was mostly written about as a natural history object (Christophers,

i960). From that time onward, rnaxLy scientific publications and. texts have

been written on the biology and the behaviour of the mosquito.

The abundance of the rnosquitoes within an area is determined by

numerous interacting features of the environment. \Mater is essential, and

collections of transient water are especially productive. Broad acïeages

of poorly drained 1and, tidal marshes, flood.plains of rivers, ponded areas

of prairies, plains, and muske g are souïces of great populations. Streams

and pools polluted by anirnal and various other wastes may yield hords of

mosquitoes. Moderate surnrner temperatures favor populations in all

soirrces. LastLy, arnple food for larvae and food for adults near larval sites

go f.ar toward making large populations of mosquitoes (Horsfall, 1955).
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Mosquitoes are the reservoir for a number of agents pathogenic to man

and other animals- Plasrnodia, viruses, and roundworms are particularly

adaptable to life in mosquitoes. In sorne cases, bacteria r:nay also be

associated with mosquitoes (Horsfall, 1955). Mosquitoes are known to

transrnit rnalaria, dengue, yellow fever, filariasis and the viral encephalitis

of man, as well as nurnerous diseases of lower animals (Trernbley, 79551 .

Mosquitoes are long-legged insects, the females having beadlike

antennae and the males having antennae of the plurnose type" The four stages

of the life cycle are: the egg, the larva, the pupa, and the adults. The larvae

are aquatic and are cal1ed wrigglers; they have large heads with fairly long

antennae, a\arge swollen thorax, and a cylindrical abdornen (Ross, 79561"

The pupae aye also aquatic, free living, and active, Both the fernale and

male rnosquitoes feed on nectar and water but unfortunately in most species

the fem¿les seek a blood rneal which under natural conditions is necessary

for the production of fertile eggs,

Since the female takes a b1ood, rneal when the occassion or opportunity
,/

presents itself, it is necessary that mosquito control be practised in most

parts of the world and expecially in'Winnipeg because the climate in this

area is well suited to the life habits of the rnosquito. In ltrinnipeg mosquito

control is carried out by The Mosquito Abaternent Branch, The Metropolitan

Corporation of Greater -W'innipeg" Tlne area treated by sprays, fogs, dusts,



or granu-les has increasedyearly and now blankets

square rniles. This area is worked by Z9 rnen and

with various devices including foggers largely, to e

approximately 276

11 trucks equipped

radicate mosquitoes,



CHAPTER IÏ

MOSQUITO BIOLOGY

The Egg, Oviposition, and Hatching

Mosquito eggs are elongate and bilaterally syrnrnetrical and

bounded by a thick she1l which is pierced at the anterior pole by the

micropyle through which the sperm passes during fertilization

(clements, 1963)" Mosquito eggs are heavier than water; those laid on

water are supported by the surface filrn and usually bear structures which

make thern lie in a particular position {Trensz, 7933'1" At oviposition

and for some hours afterwards, the egg shell is a two layered. structure

but becomes three, when a serosar rayer is secreted by the embryo"

Mosquito eggs also vaTy in resistance to external elernents as rÃ/e go frorn

species to species. Many will survíve the entire winter (td"")'and

hatch in spring; others cs,nbe stored for lengthy periods in a desiccator

ot a iar" The eggs of åed.:j:-gypti.when first laid are translucent and

pure white, but within one or two hours theybecome grey oï even black

(Christophers, 1960).

4

Egg laying is performed in rnany wayso The eggs may be laid

singly on the water surface, as in 4rypþgþq, the fernale hovering oveï

the water or resting on it" They rnay be laid in rafts on

as in C14t!c, Culiseta, and certain Mansonia, Females

Psorophora 1ay their eggs singly either in rnoist soil in a location liable to

floodíng or at the edge of small bodies of water such as those occuïríng in

tree holes" Aedine eggs are offen coated with a sticky secretion which

the water surface

of Aedes and



attaches thern to the substrate {Clernentso 1963}"

In Aedes aegypti the first indícation of hatching is the appearance

of a slowly - wldening transverse crack in the dorsal surface of the egg

she1l towards the anterior end" Pulsations in the head of the ernbryo are

swallowing TrrovefiLents of the pharynx and the distension of the intestine

produces the turgor required to detach the cap frorn the rernainder of the

she11, As the cap breaks frorn the shell, the anterior part of the larva is

rapídly extruded and a quick movernent of the larva, which is norv gxeatly

elongated, finally liberates it from the she1l {Christophers, I960i;

Developernent

In 5-7 days the larvae rnature and transforrn into pupae" The pupal

stage lasts Z-3 days, duríng whích tirre the body form of the adult develops"

At emergence, the pupa surfaces and the outer pupal skin splits, allowing

the ful1y developed rnosquito to escape" Since the whole cycle occurs in

J-72 days, rï.any generations are produced during the summer season.

R gprodr#:tive _Behaviour - lv{ating_

It was not until Roth (1948) investigated the rnating behaviour of

Aedes aegypti in detail that the significance of sound in mating was clearly

demonstrated" A resting fernale might be surrounded by ma1es, sorne

even touching her, but no rnale would attempt to copulate with her rrntil she

took to flight" Employing tuning forks, the yange of frequencíes which

atcracted males of Aedes aegypti was found to be similar to the frrndarnental
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frequency of. tlne flight tone of the fernale. Virgin rnales will respond to

a slightly wider band of frequencies than those which have mated (Roth,

L948)"

MaIes of Culiseta ínornata give a rnating response after accidentally

touching wíth their legs rnales or females of their o'wn oï other species,

l\4echanícaI stirnulation of the legs wiLl also elicit a rnatíng response.

Swarmíng is not found in Culiseta inornata but both sexes rnake repeated

short flights arnolg the grass and mating occurs after a rnale touches a

female or after a fernale fLies v¡íthln about 1 crn. of a rnale without nec-

essarily touching hirn; in the latter caseirnating occurs tn fiight (Rees and

Oniski, 195I; Downes, 1958)"

Swarrning

The assernbly of rnale rnosquitoes in s\Ãrarrns at twiLight is a veïy

farniliar sight" The swarrns freguently develop a few feet above the ground

over s$/arrn rnarkers, light or dark objects which contrast with the back-

ground, 'When a female flie s into or near a s warrn, her {light tone acts

as a social releaser so that rnales are attracted to the souïce of the sound.

and seize the female, one copulating with her. If a swarrn rnarker is

moved, the swarût rnoves with it; if the s'warrrl marker becornes srnaller,

the swarrn becornes more cornpact,

Níelsen and Níelsen {1953) concluded that individual males swarmed

at the same place each evening and that each was present for onLy a fraction



of the totaL duration of the swarrn, the tirne at which any individual

swarmed being deterrnined by its sensitívity to light,

Although any rnarker ffÌay attract two or Trr.cre species, the different

specíes aïe norrrrally found to forrn separate s'warrrrs owing to the differ-

ences in oríentation to the rnarker, for exarnple in height of swarrn, or in

tirne of swarrning (Downes, 1958)"

Downes holds the view that swarming has obvious advantages for

rnating because the insects are not as widely dispersed, Nielsen and Haeger

(1960) point out that in rnany species which swaïrn regularly, rnating is

very rarely seen in swarrns although it is often seen a$/ay frorn thern, and

also that swarming is lirnited to periods of twilight whereas, in many

species which swarrn, mating can take place throughout the day,



CHAPTER III

]NSECT ORIENTATION TO WIND

Introduction

Kennedy (1939) has rnade a detailed investigation in the laboratory

of the responses of fernales of Aedes aegypti during flight to certain visual

stirnuli and to wind. He noticea in t"*t".rrce of wind the mosquitoes 'were

orientated at random. In two experirnents when wind'was províded 82 and

85% of. the active individuals flew against the wind but when the experirnent

was perforrned twice in cornplete darkness only 55 and 63%flew against the

wind. It was concluded that free upwind orientatiorrwas not an orientation

to the wind itself, since it was effectively elirninated in darkness, but it

was related to the apparent rnovement of the backgrorrnd. This was repeated

by Kalrnus and Hocking (1960).

In January (1963) The United States Departrnent of Agriculture stated

ín an article on insect light traps that rnost insects orientate in an upwínd

fashion.

Felt (1938) stated that insects seldorn rnigrate except when the aír

is in rnotion and that locusts depend alrnost who11y upon the wind, sirnply

using their wings to sustain thernselves and generally head into the wind.

He also notes that wínd drift rrray caryy young Gyp"y Moth Caterpillars

over the water f.or 6 and 13 miles respectively, In this case the ínsects

rvould be travelling passively with the wind.
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shernanchuk, Fredeen, and Kristjanson studied flight range and

dispersal habits of Aedes flavescens tagged with radiophosphorous.

The rnajority of. tagged adults collected near the release point, and all

of those collected at a distance had apparently moved with the prevailing

wind.

Atkins in 1958 noticed tlnat a species of Coleoptera walked downwind

and flew with the wind when the wind was present.

Horsfall (1959-6L), employing an insect trap without lights, showed

that the mosquitoes appToached the trap without regard to velocity or

direction of the wínd during flig1rrt.

'Williarns (1930), examined butferfLies and he found no relationship

between the direction of the fliglnt and that of the wind.

Investigations 'were carried out on the relationship existing between

insect flight and wind direction íf any such relationship exists.

SECTION I

Method and Apparatus
%

The investigations were done 72 rniles south of the Fort Garry Campus,

at the Glenlea Research Station. The apparatus employed is shown in

Figure I. It is a sectional plywood device which was constructed. at the

university. It was mounted on a stationary stand 15 inches high. Between

the stand and the revolving apparatus was an autornobíle bearing to provide
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for rotation of the large trap. Within this circular revolving trap were

located four New Jersey Light Traps which were facing different directions

and were separated frorn one another by pl¡nvood partitions. On the upper

surface of the large revolving device was rnounted a large winrl vane so

attached that one of the four New Jersey Traps was always facing into the

wínd" On the opposite side, another New Jersey Trap was located in the

1ee side of the rotating trap.

Experirnent A

The nurnber of insects was counted and the ratio of the catches of

each trap deterrníned" A correlation of catches to wind direction was then

attempted.

Experimenf B

To eLiminate or afternpt to elirninate sorne of the local air currents

around the large revolving apparatus, mesh wire was attached to the cir-

curnference of the large revolving trap, one foot away from the outer edge.

The wires were srneared with a very sticky substance carrying the brand

name ?Tanglefoott. The New Jersey Traps weïe not rernoved when the

wíre rnesh was attached. The nurnber of insects entangled were counted

and respective ratios of all four sides determined. I"igure Z illustrates

how this rnesh wire was attached,

The nurnber of insects was counted at the usual interval of.3-4 days
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unless v¡eather conditions were too unsuitable. Figure 3 illustrates the

rrÌanner in which the New Jersey Traps were nurnbered when located in

the large revolving apparafus for Experirnent A, and Figure 4 illustrates

the labelling for Experiment B.



LZ

Figure 1" Tll,e Large Revolving Apparatus Containing

Four New Jersey Mechanical Líght Traps
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Figure 2. Tlne Large Revolving Apparatus Containing

Four New Jersey Mechanical Light Traps

Circumvented By 'Wire Mesh
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Figure 3, The Labelling Of The New Jersey Light Traps

Located ïn The Large Revolvíng Apparatus tr-or

ExperimentA -TopView



,r1
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I-i.g:ure 4. The Labelling Of The 'Wire Mesh

Surrounding The New Jersey Mechanlcal

Light Traps For Experiment B - Top View
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The finâI totals of all the traps cornbined were as follows:
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z0z1

L84
85

101

z5L

7Z

77
293
327

60
9B

L57
390

z7
37
57

200

1

z
4
3

r63
196
366
743

386
296
701
967

347.
628

109 5
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2,7

The Ratio of. t1ne Cornbined totals of all the traps for all insects was

as follows:

1:7"25:2"42:5"26
#t #z #+ #z

The Ratio of the combined totals of all the traps for rnosquitoes only

was as follows:

I z 1.83 z 3"20 z 8"72
#t #z #4 #3

A chi-square test revealed a significant difference between upwínd

and downwind traps for mosquitoes, midges and moths at both.01 and "05

leve 1s "



TABLE V

Results - Experiment B

No. of Trap
Date Days Number Moths _ Yidges Mosquitoes Total Counl

zz

416163
ililil

il il lt

nilil

il il tr

ililil

il il ll

il tt il

619 163
il il tt

il il tf

ililil

tr il il

illttr

ll fl ll

ililn

1,0 19 163
il il ll

illtil

tr il il

ililil

il il ll

il lr ll

rt il tt

4
ll

il

il

il

ll

ll

ll

z
il

ll

il

il

il

il

4
ll

il

il

il

il

il

il

1a

1b

Za
zb
4a
4b
3a
3b

Ia
1b

?a
zb
4a
4b
3a
3b

1a

1b
1^ad.

zb
4a
4b
3a
3b

z
1
/1

=
3

0

4
5

9

105
105
100
LZ3

r42
205
L66
LB7

/o
7L

115

147
lzl
L40
zLz
250

74
64
71

131

109
L73
203
236

0

z
0

0

1

0

0

1

The final totals of all the traps cornbined

P o sitíon
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were as follows:

Total

510

775

9L5

13 03

113 ?,zL
108

i::, z5r

L43 
388

215

::' 3so

78 
15r

73
116 z60
L44
lzz 263
14r
276 469
253

74 t3B
64

7L zo4
13z
1i0 Zg4
184
z0B L^^
236
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The Ratio of the combined totals for a\I species of insects of all

the wire rneshes v/as as follows:

1:7.427.79t2.55
la&1b Za&.2b 4a&.4b 3a&3b

The ratio of the cornbined totals for rnosquitoes only was not

available because of.t1ne few rnosquitoes due to the lateness of the season.
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Results - Experiment A

The trap #3, located on the leeward side of the large rotating apparatus

collected or caught the largest number of insects, To enter thís trap, one

rnight suppose that the insect had to f1y in an upwínd direction" This is the

simplest and most obvious interpretation of this experirnent. However,

other interpretations will fo11ow in the discussíon" tr-ewer insects were caught

traps #2 and #4 ard stlll less in trap #1.

Results - Experirnent B

The results 'were veïy much the same as Experirnent A" However,

the ratios between the different traps was not as extrerne.

L)1s c11s glon

Frorn lhe above results, can it be assurned that insects fly upwind?

Does the insect possess enough energy to sustain fiíght against the wind?

The insect could :utilíze less energy at a given ground speed by flying with

the wind.

One of the rnost important factors which should be considered before

rnaking any hard and fast conclusions is the direction and velocity of the wind

in various positions close to the large revolving trap. The various wind

currents arorrnd. this large revolving devíce could t o sorne extent control

the distribution of insects in each of these New Jersey Ligttt Traps" This

suggestion is brought forth because of the difference in ratios between

1n
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Experíment A ¿nd Experiment B; the ratios between the light traps in

Experiment B being less extreme than those encountered in Experirnent A.

The dífference in wind currents was not as pronounced a\¡/ay from ihe large

revolving apparatus as they were adjacent to it"

Nurnerous wind readings \Ã7'ere faken at various dÍstances around the

large revolving trap and some of these will fol1ow in table form. These

figures reveal the extent of variation of wind velocities at different loca-

tions around the large revolving trap. The various positions at which the

readings were taken have been desÍgnated by capital letters, and rrurnbers.

The wind readings were taken wíth a cup wind recorder.

TeÞl1k
These wind readings'weïe replicated 6 tirnes and were taken 6 inches

outward frorn the circurnference or external edge of the Targe revolving

apparatus. Figure 5 illustrates the positíons at which the wind readings

'were taken"

Table Two

These wind readings were taken one foot away frorn

of the Large revolving trap and were replicated 5 tirnes.

the positions at which the observations were rnade"

Table Three

the circurnference

Figure 6 indicates

In this table the wind readings'!v'ere taken at various distances to
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determine the distance at which the flow of air is influenced by this large

revolving trap. Four replicates were taken in this instance and the position

of the readings is shown in Figure 7"

The large revolving apparatus was so designed that one New Jersey

Trap was always located in the lee of the wind. Lighter-bodied insects such

as nì.osquitoes and rnidges tend to aggregate within the lee of an object.

These insects would therefore probably fly into New Jersey Trap #3, because

this trap would be the closest and would be easiest to fly into, It would also

form the largest irnage onthe insect eye. From all the wind readings it is

obvious that the wind velocity is far less wíthin the 1ee of the trap than

anywhere else. The 1ee of the Large revolving device extends for a dista.nce

of about three yards, and any insect passing wlthin three yards of the

circumference of the large rewolving trap, on the lee side of the trap,

would be very rnuch rnore likely to enter trap #3 for the reasons given"

The insects would find it rnoïe difficult to enter trap #? and#4

because of the high windvelocitíes passing adjacent to these traps which was

revealed by the wind readíngs taken síx inches from the large revolving

trap and from Figure 9,
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Fígure 5" The Posítions at which the 'Wind Readings

'Were Taken for Table I" The Readings 'Were

Taken 6 Inches frorn the Circumference of

t1:.e Large Revolving Apparatus

(A ) Top View

tB) Side View
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Figure 6. The Positions at which the 'Wind Readíngs

'Were Taken for Table II" These 'Wind

Readings 'W-ere Taken One Foot from the

Circurnference of the Large Revolving

Apparatus.

(A) Top View

(E) Side View
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Figure 7" The Posítion of the 'Wind Readings Taken

for Table III. These Wind Readings 'Were

Taken at Varying Distances frorn the Trap

up to B Yards,

{A) Top View

(B) Side Víew
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TABLE I

WIND READINGS TAKEN 6'' FROM THE LARGE REVOLVING TRAP IN

METERS PER SECOND

Position T otal Means

(A) 1

z

tB) 1

z

{c} 1

z

(D) 1

z

(E) 1

z

(F) 1

z

(c) 1

z

{H) 1

?

836
682

843
614

7253
1 013

650
780

260
273

469
307

953
87?,

975
1104

L39 "3
113" 6

lilindward
L40"5
102"3

ZOB" B

168" B

Síde
108, 3
130.0

+t. t
45"5

Leeward
78" 1

51" 1

158" I
145.3

Side
162,5
184.0
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READINGS TAKEN ONE

MET ERS

TABLE II

T'OOT T'ROM LARGE REVOLVTNG TRAP IN

PER SECOND

Position T otal Means

{A} I
2

3

(") 1

?

3

(B) I
z
3

(b) 1

z
3

(c)

{D}

758
720
609

581

459
510

7Zr
552
5T9

598
486
6LZ

4LZ

zg6
244

rzg
Fr1
I¡¿

r04

392
423
474

586
537
524

151" 6
144" 0

121" I

176"2

91" 8
rc?,5

144.2
770" 4
103" I

L19. 6

97.2
122"4

BZ.4
59 "Z

48" I

25.8
14" 4
20" B

78,4
84" 6
BZ"8

117"2
107"4
104" I

(.)

I
z
3

1

z
3

1

z
3

1

z
3

(d)
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TAELE III

READINGS TAKEN AT VARIOUS DISTANCES T'ROM THE LARGE

REVOLVING TRAP IN METERS PER SECOND

TOTALS

Posítion 1ft, 1yd. Zyd. 3yd. 4yd" 5yd. 6 yd. 7 yd" I yd.

E
F
H
G

306
1063
r054

634

416
869
958
952

745
903

1108

931

786
919

1131

r0z7

901
788
ILI4
967

891
914
L05Z
i0 B6

aal ,a.e.L. I

228.5
?,63. 0
27r.5

978
947

LLZT

I73Z

244" 5
236"7
28r" 7

283" 0

1019 i050
946 844

LLTZ 1001

LZ09 1L34

254"7 26?."5
236.5 Zn.0
293"0 250"2
302"2 283"5

MEANS

r. 265"7 217.2 225.7 ZZg"7
H ?,63"5 239"5 277.O 282"7
G 158.5 238"0 232"7 256"7

Standard Error of the Mean - 47.49

225"2
r97. O

27B" 5
247" 7

OUTR EADINGS

READINGS TAKEN 1F'T. - B YD. A\MAY F'ROM

AS A CONTROL

Replicate 1 318
Replicate Z 3ZL

Replicate 3 256
Replicate 4 295

THE TRAP TO BE USED
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The wind readings on the windward side of t}re large revolving trap

'were found to be less than on the sides of the large revolving trap para11e1

to the New Jersey Traps #Z and#4, This could be due to the shape of the

Large revolving trap or to back pressure created when the air blows directly

against the frarne of the large revolving trap.

The circulation of air around the New Jersey Traps was verifíed

ernploying tíny pieces of ¡kleenexr. These tiny pieces of kleenex were

introduced into the air currents flowing around the trap, The air currents

around the New Jersey Traps nurnbered two and fourwere not as con-

sistent as those encírcling trap nurnber one, and these 1oca1 air currents

weïe almost non-existent around New Jersey Trap #3" These local air

currents could perhaps partly explain why New Jersey Trap #3 collected

so Tnany rnore ínsects than, traps nurnbered one, two and four" The insect

would be confronfed with less wind resistance when entering trap #3.

tr'igure I illustrates the circulation of the air around trap #1 on a windy

day"

There is stíll another reason why the insects may not be flying upwind"

'W-hen the wínd is blowing, rrlar'y different vortices are forrned around thls

large círcular revolving insect trap" These vortices differ in direction and

velocity in comparison to the wind present. One of the rnost irnportant

vortices formed is found on the 1ee side of the large revolving trap. The

directio- of the air currents cornprising this vortex is illustrated in Figure 9"
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Figure 8, The Circulation of Air around New Jersey

Trap #1 on a 'Windy Day

(A) Front View

{B) Top View
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I'ígure 9. The W-ind Directíon in the Vortex Forrned

on the Lee Side of the Large Revolving

Insect Trap
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If insects do fly upwind, why doesntt the insect f1y into the wind on the lee

side of the large revolving trap? If this were the case, the New Jersey

Trap #3 would not co1 1ect rnost or the ínsects as was shown by the results.

If most insects fly upwind, there is stil1 a large nurnber of insects which do

not according to the figures obtained frorn the observations, A1so, if the

velocity of the air currents cornprising the vortex on the Lee side of the

trap were high enough, the insect could remain in this vortex for sorne time,

This would facilitate t1ne insectrs entrance into New Jersey Trap #3"

C onclusion

Frorn the contents of the discussion, it is not quite clearly established

whether the three gïoups of insects fly upwind or downwind. Is the

distribution of insects in the traps actually due to upwind flíght or is it due to

the varíous wind currents encírcling the Large revolving trap? In an effort

to clear up this arnbiguity, different directional traps were designed and

tested the following summer.

{,t untvtnsr¡

LIBRARY
0¡ u,t¡'ttlOB\
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SECTION IT

Method and Apparatus

The following investígations were atternpted in the sarne aïea as

those in Section I" Different directional traps weïe designed for these

experíments and a distant view of one of the traps is shown ín Figure 10.

The entire directional trap was mounted within a tripod on a plywood frame.

These directional traps were customary New Jersey Traps from'which the

canopy had been removed and was replaced by a different rnechanísm.

Close-up víews of the upwind and downwind traps are illustrated in

Figures 11 and 12. The cylindrical rnechanísrn which replaced the canopy

was attached to a wind vane and revolved on a ball bearing race. Each

cylinder was lined with silver paper to enhance the brightness of the 150

watt bulb used. A narrow slit was cut ínto the cylinder allowing light rays to

pass out only in one dírection; either upwind or downwind. 'W-hatever the case,

the direction wlth respect to the wind was controlled by the wind vane

attached to the revolving cylinder. Enough space was allowed below the

revolving cylinder to enable insects to be sucked down into the trap. The

light rays ernanating frorn this space however, \Ã/ere only visíble frorn a

short dístance and would only affect local insects or insects in the

irnrnediate vicínity of the trap. The two traps (upwind and downwind) ,weïe

placed a distance of approximately 100 feet apart"
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A smalI building was located in the vicinity of. the directional traps

which contained wind-recording equiprnent (Figures 13 and 14), Sirnultaneous

wind records were obtained for both velocity and direction when the traps

'weïe operating. An atternpt was rnade to correlate wind direction and

velocity with the catches obtained"

The directional traps were operational frorn 8 p.rn. to 7 a"rn. and

'were emptied after one night of operation in every case. The rnosquitoes,

mídges and rnoths were counted in every replicate.

TABLE VT
Re sults

The results 'were as follows:

ÜP1MÏND DOIMNWIND

Mosq" Mídges Moths Mosq. Midges Moths

June Z9'30
Jun.30-Ju1
IuLy I-Z
ll')?

L-J

rr Ç_10

4002
L 557

764
?,98

7r56

359
585
481

15 01

tz42

592
2579
z5?.2

417
r6r

31

OI
38
85

116

Interchanged

60
lL7
100

z7
39

Trap Positions

zz7 811

tz6 2,408
107 3017
48 497
6 167

3288
4L9
r43

445
473

1t74
464
644

2508
Lïz5

49
38
47
113

110

85
L3Z

69
27

19

July L4 -L5| ?0-zr
t z1-zz
I zz -23Í zB -29

g24
198
z0L

131

11

Totals 10379 LZ7 09

Grand Totals

7 642

18701

680 5 276

18668

683
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Using a Chi - Sguare Test, a significant differerrce'was forrnd for

mosquitoes and rnidges between upwind and downwind directions at both

.05 and .01 levels. There was no significant difference for rnoths between

upwind and downwind directions. The total nurnber of insects for both

upwind and downwind directions were the same int}l.at they showed no

s ignifícant difference.
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Figure 10, A Distant Víew of the Newly Designed

Directional Trap,
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Figure 11" A Close-up View of the Upwind Trap
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Figure 12, A Close-up View of the Downwind Trap
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Figure 13" The'Wind-Recorder and C1nart
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Figure 14. Velocity and Directional Cornponents

Associated with Wind Recorder Shown in

Fi ørrre 13 
"- -b'
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Dis cus sion

By designing different directional traps, it was possible to

drastically reduce the ratios between upwind and downwind catches. The

ratío of downwind to upwind catches in the large revolving trap for

rnosquitoes only was 1 z 8.7?" The same ratio for the newly designed

directional traps was 1 z 7.44. The downwind to upwind ratio for all

species of ínsects was I z 5.26 in the large revo1ving trap and 1 : 1" 01

in the new directional traps. Another ímportant feature is the reversal of

chironornid orientation from significant upwind orientation in the large

revolvíng trap to significant downwind orientation in the new directional

traps" These preceding ratios and facts prove the great influence exerted

by the wínd currents surrounding or encirclíng an insect trap.

The fact that chironomids significantly flew in a downwínd direction

rnay suggest that they are weaker fliers than rnost rnosquitoes and rnay be

involuntarily dispersed by the wind.

Only in one case were rnore rnosquitoes found in the downwind trap.

In this particular night, (July Z-31 and this was the only niglnt, the air was

cornpletely calm for approxirnately 3 hours. Perhaps by chance the down-

wlnd trap collected Tnore rnosquitoes than the upwind trap. A1so, during

this particular night the wind direction ix¡as north before the ca1m. Therefore

this means that the light was shining in a southerly direction frorn the

upwind trap, It is possible thatrstatic Biasnt of the site was ínvolved and
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rrrore mosquitoes were present south of the directional traps at this

particular time"

In 3 replicates, more chironornids were caught in the upwind trap,

although the differences between the upwind and downwind traps were not

as great as the other 7 replicates. IMind velocity did not seern to differ

greatLy in these 3 replicates in cornparison to the remaining 7.

C onclusions

L Mosquitoes tend to orientate significantly in an upwind direction.

In spite of this however, rr.at\y sti1l f1y downwind.

Z" Chironornids tend to oiientate sígnificantly ín a downwínd

direction. On the contra-ry, rr.arLy stí1l fly upwind.

3. Moths orientate neither ín an upwind or downwind fashíon.

4. Local aír currents including vortices, but also lees ínfluence

the catches within insect traps and can be misleading when deterrnining

whether insects fly upwínd or downwind,
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SEC TION III

PLOTTING AN INSECTIS F'LIGHT PATH

By taking insect flight speed, wind velocity and direction into

consideration, it is possible to plot the insectt* flight patln attracted to a

líght source on graph paper. In the following figures, ttAtt represents

th,e attracting light and I'Brr is the original position of the ínsect. The

insect flight path is a solid line cornrnencing at trBtt. The following is a

list of figures illustrated in the ensuing pages.

F igur e s 15 -21

Insect Orientation Directly Towards The Attracting Ligi:t

Fígure 15 - Inse ct fLíght speed equals wind velocity.

Figure 16 - Insect flight speed equals one-half wind velocity.

.Figure 17 - Insect flight speed equals two tirnes wínd velocity.

rnsect orientation at a 90 D_egree Angle Relative to the Directíon of the

Insect Eye frorn the Líght

Fígure 18 - Insect flight speed equals four tirnes the wind velocity.

Insect Orientation at a 45 Degree Angle Relative to the Direction of the

Insect Eye frorn the Light

Figure 19 - Insect flight speed equals wind velocity.
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Insect Orientation to Ligþt Cornrnencing at Various Pgsitions or Angles

Relative to the X-axis

Figure 20 - A 15 degree angle where insect flight speed equals two

tírnes the wind velocity,

Fígure ZI - A 45 degree angle where insect flight speed equals two

tirnes the wind velocity.
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Figure 15" Inse ct Orientation Dire ctly

Light - Insect Flight Speed

Towards Attractíng

Equa1s Wind Velocity
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Figure 16. Insect Orientation Directly Towards Attracting

Light - Insect tr'tight Speed Equals One-HaIf

lMind Velocity
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Figure 17, Insect Orientation DirectLy Towards Attracting

Light - Insect f'light Speed Equals Two Times

Iil.ind Velocity



_+
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Figure 18, Insect Orientation at a 90 Degree Angle Relative'

to the Direction of the Insect Eye frorn the Light -

Insect Flight Speed Equals Four Tirnes the 'Wínd.

Velocity
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Fígure 19. Insect Orientation at a 45 Degree Angle Relative

to the Direction of the Insect Eye frorn the Light

Insect Fllght Speed Equals 'Wínd Velocity
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Figure 20. Insect Orientatíon to Light Comrnencíng at

Varíous Positions or Ang1es Relative to the

X-axis - A 15 Degree Angle qrhere Insect

Flíght Speed Equals Two Tirnes the 'Wínd

Velocity





Various Positíons or Angles Relative to the

X-axis - A 45 Degree Angle where Insect

Flight Speed Equals Two Tirnes the 'WÍnd

Velocíty
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Theoreti calLy an insect can: orientate to an attracting 1íght frorn

various angles and directions. Figures 15 to 21 illustrate sorne of these

alte rnative s "

In Figures 15 -L7, ínsect oríentation is directly towards the 1ight.

In Figure 15, insect flight speed is egual to the wind velocity. The insect

however, does not reach t1ne attractant designated as lA¡ but attains a

statíonary point a considerable distance frorn the light source, The insect

is not able to fly directly to tlne attractan,:rt because of pressure exerted by

the wind which has been represented by an arrow. Sínce the insect fLig}i,t

speed is equal to the wind velocity, the insect is unable to advance inthe

direction of the attractant. In Figure 16 the insect flight speed is equal

to one-haIf. tine wind velocify. The insect in this case is swept diagonally

away frorn tlrre attractant, The insecds flight speed is unable to cope with

the increased wind velocity. In Figure 17, the insect flight speed is equal

to twice the wind velocity, In this instance, the insect is able to overcorne

the wlnd and reaches the attractinø light aftev its fiight path has aknost

formed a serni-circle,

In Figure 18, insect oríentation is at a 90 degree angle relative to

the dir^ctíon of the insect eye frorn the light and the insectts flight speed

is equal to four times the wind velocity. In this case, the insect never

reaches the attractartt ¡At but forrns a spíral with its ÍIight path, In I'igure

19, t]ne insect flight speed ís equal to the wind velocítybut orientation is
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at a 45 degree angle relative to the direction of the insect eye frorn the

1ight, The insect however, never reaches its destínation,

In Figures Z0-21 insect orientation to light cornfirences at various

positions or angles relative to the X-axis" In both cases, insect flight

speed is two tirnes the wind velocíty, but in Figure Z0 tlne angle of

orientation is 15 degrees and in Figure ZItlne angle ís 45 degrees, In

both cases the insect reaches the desired area.
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CHAPTER IV

MOSQUITO F'LIGHT RESPONSES TO VISUAL INPUTS AND 'WIND CURRENTS

IN A 1ATIND TUNNEL

Kennedy (1939) confirrned the irnportance of the background in

mosquito oríentation. 'When caged rnosquitoes were stirnulated to fly in

sti1l air over a rnoving, striped substrate, B0% flew in the direction of

firovement of the substrate but faster than the substrate although their

orientation-was randorn when the substrate was stationary. In these

experirnents, the few mosquitoes which fLew downwind or against a

moving substrate appeared to be unstable whereas those flying upwind or

with the substrate were perfectly stable.

Kennedy noted that when substrate movement was too rapid, t1ne

rnosguitoes alighted. This was at a velocity of about 3.3 rn. p.h.

Kennedy discovered that a decrease in wind speed stimulated

mosquitoes to take off so that the nurnber taking off when wind speed

had dropped to a certain level was far greater than the number which had

been taking off while the wind speed was constant at that low level.

A sirnilar set of experirnents was attempted but a different

apparatus'was employed.

Method and Apparatus

The apparatus that was used is shown in Figure 22 and Figwre ?3.
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The entire length of the wind tunnel including plywood and tPerspext

sections was 10r I'r. The height and width of the tunnel were B inches

in both dirnensions and the clear perspex or obervation section was

separated frorn the plywood sections by screens" An oil burner fan was

installed on one side of the tunnel to provide wind or air currents when

necessary, The length of the observation section was 4t 9tt and the

plywood sections were respectively 4 and Z f.eet long, The longer plywood

section was placed on the opposite side of the oi1 burner fan, whích drew

the air, to allow for the air currents to straighten out and be less turbulent,

Smal1 hínged doors'were cut into the plywood sections so that the rnosquitoes

could be stirnulated to fly by abreath of air if need by,

The rnoving background was provided by a canvas belt 4 feet long and

one foot in diarneter. The entire belt fitted directly under the obs-e-rvation

charnber of the wind tunnel. Upon the canvas belt were alternately painted

black and white stripes approxirnately 2 inches in diarneter. The belt

revolved or rotated upon 2 washing rnachine rollers and was driven by a

rRatiotrol Direct Current Motort developinglll? of a horsepo\Mer a+ 1750

r.p"rn. The speed of the belt rotation was controlled by a rnctor speed

control box. The speed of the rotating belt was approxirnately 7.7 to Z rn"p.h.

at a setting of 55 on the control box. The speed of the oi1 burner fan when

in use was controlled by a rheostat.

A fluorescent larnp \Ã/as supported above the observation chamber to
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*lt
F'íg:rre 22. The Entire Lengttt of the 'Wind Tunnel
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I-igure 23. A Close up View of the f'light Charnber





8i

provide for better visíbility for the observer, To reduce image interruptions

from other sources, the tunnel was covered with white paper allowing space

for observation and for irnage input.

Experirnent A

The test rnosquitoes were Aedes aegypti, Aedes knplicatus and

Aedes vexans. The effect of irnage input on f1yíng individual rnosquitoes'was

deterrnÍned. I'light was initiatedloy a sharp rap oTl the flight chamber or

by a breath of air" The mosquitoes were allowed Z rninutes in the tunnel

before the experirnent was atternpted for adaption purposes. Belt rota-

tion was set at a speed of about I.7 to 2 m.p.h. and was increased frorn

3"4 to 4 rn. p.h. when necessary. The direction of belt rotatíon was

aJternated frorn left to ríght as the rnosquitoes responded. Sufficient tirne

was allowed for the rnosquitoes to f1y opposite to substrate direction or

rnovernent if they so desired" The insect was allowed.to respond 4 tirnes

within each replicate and 5 replicates were cornpleted.

Experiment B

The test rnosquitoes \Ã7eïe the sarne as in Experiment A (Aed.es

g!j, Aedes irnplicatus "rdj:9-_fg=3r")" The effect of. a high wind

velocity for one minute followed by a cornplete stoppage of wind was

deterrnined. Twenty rnosquitoes were used in.each replicate and these

'were allowed Z rnínutes to adapt to surrounding conditions in the flíglnt
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charnber. The nurni:er of take offs in the rninute preceding the wind

treatment \Ã,'ere counted. This was followed by one rninute of high wind

velocity of about 15 rniles per hour, The nurnber of take-offs were counted

within each of the following rninutes until the, rnosquitoes becarne relatively

inactive. The nurnber of rnosquitoes flying aftev or at the end of each

minute was also estirnated. tr'ive replicates \Ã/ere attempted; each Tep-

licate consisted of 5 parts. Three replicates weïe attempted with Aedes

aegypti, Different rnosquitoes were used for each replicate.

Mosquito orientation wíth ïespect to wind and the effect of a

comi¡ination of wind and sub strate rnovement was also deterrnined"
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Results - Experirnent A - Responses to Visual Inputs

Aedes aegypti were held at room bemperature and a relative

humídity of.57% and were fed sugar solution.

TABT"E VII

Fema1e Dial Time Belt Mosquito Belt Direction Succeeding
#1 Setting Started Posítion _ Eventful Tirnes

14 days 55 To secs. left left - right
old

right, left - ríght T2 secso

right left - right
J* rso

right - left

left ri g1nt - left T +o

left rigbt - LeÍt

J rgo
left --right

right left - right

right left -.right
Jright - left

left right - left

Tss

Ttzo

Ttzr

tí' Indicates reversal of belt direction frorn left - right to right - left at

TUO seconds"



B4

TABLE VIII

Female
4)

Dial Tirne Belt
Setting Started

Mosquito
P o sitíon

Belt Direction Succeeding
Eventful
Tírne s

19 days
o1d

55 To se cs. right - left

right - left

right 
, L.f,
,L'left -'right

left - right

left - right
.t,

right -" left

right - left

right - Ieft
.t,left -* right

left - right

right

left

left

right

right

\eft

left

right

T, se cs"

T+s

T+z

,ru

Ttos

Tra5

T,.,,

'i¡ Tndicates reversal of belt direction frorn -ríght - left toleft - ríght at

Tn, seconds.
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TABLE IX

Fernale Dial Time Belt Mosquito Belt Direction Succeedinø
#Z Setting Started P osition Eventful

Tirne s

19 d.ays 55 To secs. tiglnt ríght - left
o1d

Ieft ríght - left T2 se cs"

left right - left
J* r¡o

left - right

ríght left - right T¡S

ri,ght le{t - rightir
right -n t.r, 53

left right - left T6O

left right - left
I tro

left j right

ríght left - right T 
en

t¡ Indicates reversal of belt direction from right - Ief.t to left - right at

T36 seconds.
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TABLE X

Fernale Dial Time Belt Mosquito Belt Direction Succeeding
#+ Setting Started Position Eventful

Tirne s

19 days 55 To secs. right right - left
o1d

left right - left TZ secs.

left right - left
.1,* T¡ 

oleft -" right

ríght left - right T Z6

right left - ríght
t 16o

risht -- left- -b--

left right - left ,6,

left right - left

J teo
Lef.t J right

right left - ríght 
"n,

t Indicates reversal of belt direction from right - Lef.t to left - rig]nt at

T3g seconds,
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TABLE XI

Fernale
#5

Dial Tirne Belt
Setting Started

Mosquito
P o sítion

Belt Direction Succe eding
Eventful
Tirne

19 days
o1d

55 To se cs" right - left

right - left

right -, }..tt

t"ft -ü right

left - right

left - ríght
I

right -'left

right - left

right - left
.L

left -' rig1nt

left - right

right

Teft

left

right

right

left

Lef.t

right

TS secs,

TEs

Tzr

T6o

T,-b5

t9o

,g,

* Indícates ïeversal of belt direction frorn ríght - left to left - right at

T35 
""conds.

Short flights of about 18 inches were atternpted against stripe

rnovements, but then the mosquito returned irnmediately to flight in the

safir-e direction as substrate rnovement. Flight with substrate rnovement

was d.irect and rapid the entire length of the tunnel, Attempts to fly against
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substrate rnovernent were irregular and hesítant, Flight with subsfrate

TïIovement was at a much lower altitude in the flight tunnel than f1íght against

substrate rnovernent. Contrary to Kennedyts observation the rnosquitoes

rrever settled or alighted when stripe rnovernent surpassed flight speed"

In sorne cases, the insect skirnrned along the base of the tunnel but never

did settle.

Aedes implicatus

The test insects were held' at roorn temperature and 57To relatíve

hurnidíty, They were Z days old and fed on sugar solution.

The response to írnage input was very poor, ínf.act there'was no

response at all" Flight \Ã/as very difficult to induce and when it occurred,

it was short and sporadic"

Aedes vexans

In an effort to increase the llfe span of thís species, the insects

lileïe kept ín the constant ternperature ïoorn. The fernales were 6 days

o1d and had been fed honey solution, They w'eïe kept at a ternperature of

?0 degrees tr-. and 60% relative hurnidíty.

In contrast with Aedes implicatus, flight was TrLrlch easier to initiate"

Thetestinsectsno*".,ffiagainstsubstraternovernentquite

readily" In very few cases, did they exhibit tl,e sarne behaviour as

Aedes aegypti.
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R e sults - Experirnent B - Mosquito Response to Cornplete Stoppage

of 'Wind Following High'Wind Velocity

Ae{es aegypti were held at 70 degrees F", 60%R.H" and weïe

hoaey solution" The insects were 4-5 days o1d"

TABLE XII

R e plicatela

No. of Take-offs in one rninute preceding-wind - 6

fed

No. of take-offs following wind No.
the

of rnosquitoes ÍIying at
end of each minutetreatment in succeedins minutes

0 - 1 minutes 12 take-offs
7-2
?-3
3-4
4-5
5-6
6-7

il

il

il

lt

il

tl

0 - l rninutes
7 -Z il

z-3 il

3-4 il

4-5 il

5-6 rr

6-7 il

B take -off s

zI
5il
3il
ztt
3il
Iil

ztt
ztt
ztl
ztt
3il
?tt

I
5

3

5

4
z
3

R eplicate lb

No_. of take-offs in one minute preceding wind - 0

5

7

6

5

4
z
1
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Replicate lc

No. of take offs in one minute preceding wind - 4

No. of take -offs following wínd
treatrnent in succeeding rninutes

No, of rnosguítoes flying at
the end of each minute

Replicate ld

No, of take-offs in one rninute preceding wind - 1

0 - l rninutes
7-Z
z -3
3-4
4-5
5-b

n

il

il

il

il

0 - 1 rninutes
1)il

z-3 il

3 -4 il

4-5 il

5-6 .
6-T rr

7-B '

Replicate Ie

0 - 1 rninutes
t-z il

z-3 il

3 -4 il

4-5 il

5-6 rr

6-7 rr

7 -B il

74 take-offs
ztt
3il
3rl
3il
1il

72 take-offs
6',
5 'r
ztt
3tt
zn
4il
3 'l

10 take -off s
A ttT
rl ll
=
ztl
3rt
4il
ztt
3tl

6

5

4
3

z
0

4
5

7.

3

1

1

z
z

7

7

4
I
I
?,

z

3

No. of take-offs in one rninute preceding wind - 3
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TABLE XIÏI

Replicate 2a

No. of take-offs in one rninute preceding wind * 4

No. of take-offs following wind
treatment in succeeding minutes

No" of rnosquitoes flyíng at
the end of each minute

0 - i rninutes
1 I Ît

?-3 'r
3 -4 il

4-5 il

5-6 tr

Replicate 2b

0 - l rninutes
r-z il
'>2il

3-4 Í
4-5 il

5*6 rr

6-7 il

Replicate Zc

0 - 1 rninutes
r-z fr

2-3 il

3-4 il

4-5 il

5-6 il

6-7 'r

1 1 take -offs
4il
zI
1il
ztl
1il

10 take-offs
zü
1il
1il
0il
z,l
ztt

9 take-offs
zil
1il
1 'r
ztl
3il
1il

5
2

1',

1

1

1

No. of take-offs in one rninute preceding wind - 2

B

6

5

4
3

4
?,

No. of take -.offs in one rninute preceding wind -

I
7

4
?

1

z
z
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Replicate 2d

No. of take-offs in one rninute preceding wind - 2

No. of take -off s following wind No. of mosquitoes fLying at
treatment ín succeeding minutes the end of each rninute

7-Z il

?.-3 'r
3-4 il

1-5 '
5-6 rr

6-7 rr

Replicate 2e

5

4
3

4
z
z

No. of take-offs in one rninute precgligg wind - 1

3il
1il
ztt
ztt
1 'r
zn

0 - 1 rninutes
r-z '
z-3 il

3-4 il

4-5 il

5-6 rr

6-7 rr

9 take-offs
1 rr

3il
zn
1il
zI
?n

5

6

4
3

z
z
I

TABLE XIV

Replicate 3a

No" of take-offs in one minute preceding wind - 3

No. of take-offs following wind
treatrnent in succeeding rnínutes

No" of mosquitoes flying at
the end of each rninute

0 - 1 rninutes
1-Z rr

z-3 il

3 -4 il

4-5 il

5-6 il

12 take-offs
zil
/t ll
=
z,l
ztl
ztl

5

1

0

z
1

1
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Replicate 3b

No. of take-offs in one rninute preceding wind - 3

No, of take-offs following wind No" of rnosquitoes flying at
treatrnent in succeeding rninutes the end of each minute
0 - 1 minutes
L-Z il

z-3 il

3 -4 il

4-5 .
5- 6 il

6-7 il

Replicate 3c

7 take-offs
^ 

lla

4il
zfi
ztl
ztl
ztt

4
1

3

1

1

?.

z

No" of take-offs in one rninute preceding wind - 1

0 - 1 rnínutes
I -Z il

22ll

3 -4 il

4-5 '
5-6 rl

6-7 '

Replícate 3d

0 - l rninutes
1ail

z-3 il
2ÃilJ-=

4-5 il

5-6 il

6-7 rr

8 take-offs
3il
4il
3il
ztl
ztt
1il

B take-offs
3il
0il
4il
Iil
ztt
3ü

5

z
3

z
3

z
1

No. of take-offs in one rninute preceding wind -z
4
5

z
z
z
3

z
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Replicate 3e

No, of take-offs in one rninute preceding wind - 1

No. of take-offs following wind No" of mosquítoes flying at
the end of each rninutetreatrnent in succeedins rninutes

0 - 1 rninutes
7-Z
z-3
3-4
4-5
5-6
6-7

ll

il

il

il

il

il

11 take -offs
1il
ztl
4il
3rl
3 tl

0il

7

5

6

4
3

3

2

Aedes vexans'were held at 70 degrees F"r 60%R.H. and were fed

honey solution. The insects were 4-5 days old"

TABLE XV

Replicate la

No. of take-offs in one rninute preceding wind -Z

No. of take-offs following wind
treatrnent in succeeding rninutes

No. of rnosguitoes flying at
the end of each minute

0 - 1 rninutes
l-z il

z-3 1r

3 -4 il

9 take -off s

ztt
0il
1 rr

1

1

0

0
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Replicate lb

No. of take-offs in one rnínute preceding wind - 1

No. of take-offs following wind
treatment in succeedíng minutes

No. of rnosquítoes flying at
the end of each rninute

0 - 1 rninutes
1)il

z-3 il
2 /1 llJ-2

4-5 il

5-6 rt

6-7 il

Replícate lc

0 - 1 rninutes
1-Z il

z-3 il

3-4 il

4-5 il

5-6 il

6-T '
Replicate 1d

0 - 1 rninutes
I-Z il

?-3 il

3-4 il

4-5 il

5-6 '
6-7 '
7-g il

7 take-offs
7ü
6"
zt,
ztt
ztt
0il

16 take -offs
5il
3 'l
1 rt

4il
1il
ztt

14 take-offs
7tt
5il
5 tl

zn
3tl
3tt
1il

0

1

1

0

0

0
p

No.rcf take-offs in one rninute preceding wind -

No, of take-offs in one rninute preceding wínd -

z
1

0

0

0

1

1

1

1

1

1

0

0

0

0
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Replicate le

No. of take-offs in one minute preceding win{ - 1

No. of take off s following wind
treatrnent in succeeding rninutes

No. of mosquitoes flying at
the end of each rnÍnute

0 - l rninutes
L-2, il

2 -3 il

3-4 il

4-5 il

5-6 '/-b- I "
7 -8 il
g-g '

13 take-offs
6tt
5il
4il
zil
5il
1il
3il
1il

1

0

0

0

0

0

0

0

z

TABLE XVI

Replicate Za

No. of take-offs in one minute preceding wind - 4

No. of take-offs following wind
treatment in succeeding rninutes

No, of rnosquitoes flying at
the end of each minute

0 - l rninutes
1-Z il
)2il

3-4 il

4-5 il

5-6 ',Ão- (

7-B '
8-9 rr

9-10 rr

lZtake-offs
B rl

7tt
6"
4n
5'r
4il
5il
31r
zI

z
0

1

1

1

1

2,

0

0

1
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Replicate 2b

No, of take-offs in one rninute preceding wind - 5

No. of take-offs following wind
treatment in succeedíng minutes

No" of rnosquitoes flying at
the end of each rninute

Replicate 2c

No. "of take-offs in one rninute preceding wind - 0

0 - 1rninutes
r-z
2-3
3-4
4-5
5-6
o- (

il

n

ll

il

lt

il

0 - l rninutes
7-Z il

z-3 rr

3 -4 il

4-5 il

5-6 rr

6-7 .
7-8 il

Replicate Zd

No. of take-offs

0 - 1 rninutes
7-Z il

2-3 il

3-4 il

4-5 il

5-6 .
6-7 '
7 -8 il
g-g '
9-10 rr

lZ take-offs
Bil
6tt
5il
4il
zn
1il

6 take-offs
5 r'

ztl
5 rl

Iil
4il
?tl
ztl

iÍrl:one minute preceding wínd - 3

10 take-offs
4il
6',
5'l
5il
4il
3 rl

3tl
3tl
2|

1

1

2,

0

0

0

0

1

0

0

0

0

1

1

0

z
1

1

0

2

i
0

0

1

1
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Replicate Ze

No. of take-offs in one rninute preceding wind - 5

No. of take-offs following wind No" of rnosquitoes flying at
treatrnent in succeedins rninutes the end of each rninute

I-Z rr

z-3 il

3-4 il

4-5 '
5-6 rr

6-7 il

7 -B il

B-g .

6tt
4il
4il
4il
4il
6"
ztl
3 tl

0

I
0

1

0

0

0

0

TABLE XVTI

Replicate 3a

No. of take-offs in one rninute preceding win4 - 1

No. of take-offs following wind
treatrnent in succeeding rninutes

No. of rnosquitoes flying at
the end of each rninute

0 - l rninutes
L-Z il

z-3 il

3-4 il

4-5 .
5-6 '
Replicate 3b

No" of take-offs in

0 - l rninutes
1-Z '
z-3 il

3-4 il

4-5 '
5-6 rr

6-7 .
7-B il

g-g '

l5 take-offs
ztl
1 tl

3 rl

1il
3tl

one minute precedíng wind - 3

11 take-offs
6,,
6"
7tl
5"
5 'r
5'l
3 rl

1il

I
0

0

I
0

2

z
Z

1

1

1

0
0

0

0
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Replicate 3 c

No. of take-offs in one rninute preceding wind - I

treatrnent in succeeding rninutes the end of each rninute

1 1 ll 15il

No. of take-offs following wind

z-3 il I
3-4 | 4
4-5 il Z

5-6 . 3

6-7 ' 3

7 ^B n I

Replicate 3d

No. of take-offs in one mínute preceding wind - 3

No. of rnosquitoes tLying at

1

1

1

1

1

0

0

1

0

0

1

1

0

0

0

2,

I
0

0

0

0

0

Replicate 3e

No. of take-offs in one rninute preceding wind - 2

0 - l rninutes
l-z |l

z-3 il

3-4 '
4-5 il

5-_6 rt

6-7 il

0 - 1 rninutes
1)il

z-3 il

3-4 il

4-5 il

5-6 il

6-7 '
7 -B .

1 1 take -off s

5 "
4il
3 rl

1il
1 rr

1 1r

B take-offs
5 'r
5il
5il
4rf
Zt,
3 rt

ztt
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TABLE XVIII

Replicate 4a

No. of take-offs in one rninute preceding wind - 3

No. of take-offs following wind
treatrnent in succeeding rninutes

No. of rnosquitoes flying at
the end of each rninute

0 - 1 rninutes
I-Z rr

12il

3-4 il

4-5 il

5-6 rr

Repllcate 4b

0 - l rninutes
1Iil

z-3 il

3 -4 il

4-5 il

5-6 il

6-7 '
Replicate 4c

0 - 1 rninutes
1 ) ll

12il

3 -4 il

4-5 il

5-6 rr

72 take-offs
6"
6,'
1il
ztl
0il

11 take -offs
5il
3tt
1il
ztl
3rt
ztl

LZ take-offs
5'r
5tl
ztl
3il
0il

1

z
1

0

0

0

No. of take-offs in one rninute preceding wind - Z

1

1

0

0

0

0

0

No, of take offs in one rninute preceding wínd -

I
0

0

0

I
0
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Replicate 4d

No. of takg-offs in one rninqle prqççlüng_fv,iruL - O

No, of take-offs following wind
treatrnent in succeeding rninutes

No. of rnosquitoes flying at
the end of each rninute

0 - 1 rninutes
1)il

z-3 il

3 -4 il

4-5 il

5-6 rr

Replicate 4e

0 - 1 rninutes
l-z il

z-3 il

3-4 il

4-5 '
5-6 rr

6-7 '
7-8 il

1 1 take-offs
6,t
5 'r
1il
3rt
Lil

1 5 take-offs
7.
3tl
4il
1 1r

3il
1il
1 rt

1

1

0
0

0

0

No. of take-offs in one rninute preceding wind - 1

1

1

0

1

0

0

0

0



roz

TAELE XIX

Replicate 5a

No. of take:offs !r one rninute Preceding wind - 9

No. of take-offs following wind No. of rnosquitees fLyíng at
treatrnent in succeeding rninutes the end of each rninute
0 - l rninutes

I
z
1

0

0

0

0

1

i

L-Z il

?,-3 il

3 -4 il

4-5 rr

5-6 il

6-7 '
7 -g '
8-9 rr

9 - 10 tr

Replicate 5b

0 - 1 rninutes
12il

12ll

3-4 il

4-5 il

5-6 il

6-7 rr

7-8 rr

B-g rl

9-10 rr

0 - 1 rninutes
I-2 il

z-3 il

3-4 il

4-5 il

5-6 rr

6-7 il

7 -8 il

9"
LZil

7t,
7'l
5"
/l tlï
5 r'

6,,
z,'

l0 take -offs
5"
1
6

9
6

6

6
/1

=
6

ll

il

1t

ll

lt

il

il

ll

15 take -offs
11 il

B tt

10il
6r'
6',
I t'

8'r

No. of take-offs in one minute preceding wind -

z

1

0

1

0

0

0

2
0

0

Replicate 5c

No. of take-offs in one rninute preceding wind -
z
1

0

1

0

0

0
0
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Replicate 5c (continued)

B - 9 rninutes
9-io rr

7 take -off s

6',
Replicate 5d

No, of take-offs ín one rninute preceding wind - 14

No. of take-offs following wind
treatrnent in succeeding minutes

No" of rnosquítoes flying at
the end of each rninute

0 - l rninutes
7-Z il
)2rt
3-4 ||

/1 È, tla-J

5-6 rr

6-T '
7-B il

g-g '
9-10 rr

Replicate 5e

19 take-offs
15'
9"
Bil
7tt
7,1
9tt
5il

10il
11 il

19 take -off s

9"
10il
9t,
9"
7tt

7Zil
9"
5"

10il

1

3

3

0

z
0

0

0

1

i

No, of take-offs in one rninute preceding wind - 10

0 - l minutes
L-Z rr

z-3 il

3 -4 il

4-5 !r

5-6 il

6-7 il

7-8 '
8-9 rr

9-10 rr

1

z
z
z
0

0

0

1

0

z
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Aedes ilrrplicalus however, did not react to increased wind speed

followed by cornplete stoppage of wind,

In rnost cases, both Aedes aegypti and lþdes vexans usually headed

into the wind when it was produced in the flight tunnel, and when substrate

rnovernent was stationary. Only occassionally did they f1y with the wind,

'When substrate rìtovernent was opposite to wínd direction, the

rnosquitoe" (&gg-gli "td Aglþæ) headed into the wind. The

sarne was true when wind and substrate rnovement !v'ere in the same

dire ctíon"

Dis cgffion

ExperÍment A. The rnosquitoes flew in the sarne direction as

substrate rnovernent in an effort to keep the irnage inputs constant on the

eye. The rnosquitoes did not settle when the speed of substrate rnovernent

surpassed their flight speed, If the rnosquito would have settled, irnage

input from the canvas belt would stil1 have taken place due to continued

background rnovernent, Perhaps for this reason the mcsquitoes did not

alight.

Aedes implicatus did not react to any of these stimuli In Experíment

A. It ís only very rarely caught in our light traps,

Experirnent B. Five parts weïe atternpted within each replicate

for an irnportant ïeason. This was done to deterrnine how rnuch punish-

ment by high wind.s tinat a rnosquito would actually withstand'. In all
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cases it was shown that the insect could be thrown against the screens

five times in each replicate and was sti1l able to give a good response,

This was done because in nature the insect is presurnably subjected to a

great deal of physical stress during storms.

Another reason why these investigations \Ã/ere attempted is" concerned

with rnigration. This increased flight activity af.ter a 1u11 in the wind could

explain how the mosquitoes are eventually carried into the upper atmosphere

by updrafts. Before the insect can be carried high into the atmosphere

it rnust leave the ground"

Another irnportant theory can be deduced from the above data.

More take offs can be noted for Aedes vexans but rnore mosquitoes are

flying at the end of each rnínute in the case of Aedes aegypti, This

indicates that the flight period of Aedes aegypti was and is considerably

longer than for Aedes vexans .

Aedes irnplicatus did not react to the treatment.

C onclusions

1. Mosquitoes tend to keep the background stationary or rnoving

from the front of the eye backwards during flight.

Z" Mosquitoes flight is stirnulated by increased wind velocity

followed by cornplete stoppage of wind.

3" Once again it was noticed that rnosquitoes orientate upwind.

4. Species differences in behaviourwere noticed in both Experiments

A and B,



r06

CHAPTER V

ADULT POPULATION SURVEY

Iilght Trap Catches

During the surnrner of 1963, an adult population survey $¡as

conducted of the Greater Wínnipeg Area and the surrounding districts.

The purpose of this survey \Ã/as to deterrnine the abundance of mosquitoes,

and once this was accornplíshed, exterrninate thern by sorne efficient

rnethod.. These light trap catches give the observeï an idea of the abundance

of rnosquitoes in spite of cornpetítion frorn other light sources. However,

the nurnbers of rnosquitoes caught in light traps near full rnoon are only

a srnall fraction of the nurnbers taken around new rnoon (Horsfall, 7943;

Pratt, L948; Onishi, 1959ln, This rnethod of trapping rnay not reflect

rnosquíto annoyance accurately because the rnosquitoes which were collected

weïe not biting, but were rnerely being attracted to the 1ight. On the

other hand however, a îbíting collection¡ would be tirne-consurning and

painful and was not atternPted"

Method and Equipment

The light trap ernPloYed was

The light traps were rnounted on a

electricity. Electríc tirners were

flow of electricitY to the traP, and

the Standard New Jersey Light Trap.

tripod and placed near a source of

used to autornatically control the

therefore the hours of operation could
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be set as desíred; the traps'were operational frorn 8 p"rn" to 7 a"rn"

The traps weïe set up at various locations shown on the following

rnap (Figure 24\ within and surrounding the Greater 'Wínnipeg Area.

The purpose of setting the traps outside the \Minnipeg area was to obtain

a coîrparison of insecticide treated and untreated areas. Two New

Jersey Traps were set up outside the sprayed area, and seven were set

up within the area. The New Jersey Traps outside the sprayed area were

located west of 'W.innipeg at Oak Bluff, and north of the city at Lillyfield"

Those set up withín the sprayed area were located at the University of

Manítoba, Assiniboine Park, Brookside Cemetery, Kildonan Park, the

Governrnent Greenhouse at the Legislative Buildings, 'Windsor Golf

Course, and in south St. Vital.

-When all the extraneous firaterial was separated frorn the líght

trap catches, the nurnber of rnosquitoes for each particular area was

telephoned to The Mosquito Abatement Branch, The areas which showed

the highest infestation within the sprayed area were treated first,

Results

The results of the rnosquito survey are illustrated in Figure 25.

This fígure also illustrates the ternperature (rnean and norrnal) and the

individual rainfalls. There is an obvious difference between the sprayed

and. unsprayed areas, Perhaps the biggest difference can be noticed from

rnid-June to the end of Lhe first week in July" On June ZTth tlne average
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Fígure 24. Locations of the New Jersey Liglnt Traps 1963
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nunrbeï of nrosquitoes in the sprayed areas 'were about 350 fernales

per day. On the sarne day the avera-ge nurnber of fernale rnosquítoes

withín the unsprayed area averaged approxirnately Z9OO. This sarne

point is evídent in the two later peaks in August'

In spite of the above conclusive results one very interesting feature

aïose, Kildonan Park which is located within the sprayed area still rnain-

tained. veyy hígh counts. The counts from this area almost ríva11ed those

of the unsprayed areas. The catches from another aTea however,

Assiniboine Park, which is within the sprayed. area, remained low

throughout the entire su.rnrner season, The fact that rnakes the high

cormts of Kildonan Park still more surprising is that this aïea 'was

fogged moïe tnan any other because of theatrical productions at

Rainbow Stage, It was fogged 51 tímes during the sumrner, with a

daily fogging'when the sumrner theatre was open, The corrnts frorn

Assiniboine Parkltreïe considerably lower even though this area was

fogged only 35 times, Figures 26, 7,'7 and ZB índicate the above relatíon-

ship between Oak Bluff (unsprayed area), Kildonan Park (sprayed area);

and the other sprayed areas" The figures show tlnat at the peak of light

trap catches on Jrrne 27th t.Jne nurnber of females rnosquitoes at Oak

Bluff 'were 3000, at Kíldonan Park L650, andat Assiníboine Park 390.

To conclude, it was quite evident that the traps located in the

sprayed area s collected less rnosquÍtoes than those located in the unsprayed

areas.
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Dis cus síon

There are two lines of reasoning which one could follow in order

to explain the continued high counts in Kíldonan Park, Firstly, that

rnore breeding areas are located near Kildonan Park and that all of

these breeding areas are not being treated by the fogging crews.

Secondly, t1nat the rnosguitoes are rnigrating or being dispersed by strong

rvinds into the Kildonan Park area from sorne external breeding site"

The first suggestion cannot be ruled out entírely but it is less likely

to be the case, Because of the large extent of fogging rnost of the

breeding areas were hit, and a larval survey during the sumrner in and

around the Kildonan Park a'rea did nþt uncover any breeding areas which

had not been fogged or dusted. The Red River located on the east side

of the Park is probably not irnportant for breeding because the native

mosquitoes are not likely to breed in running water. The principal genus

in the'Winnipeg area is Aedes, and thls group prefers still standing

water wÍth organic matter. In sprlng, Culiseta is rnost írnportant and

these prefer stagnant waters polluted with fecal and uríne excreta.

The river however, yr.a-y have another influence upoll the rnosquito

populatíons but this will be elaborated upon \ater 
"

The second suggestion is that the mosquitoes rnay be migrating or

dispersed by strong winds into the Kildonan Park a,rea which is rncre

1ikeIy than the first, 'Wind currents rnay act to extend a specific insectrs
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flight range, by assistíng the flight of the insect; or they rnay literaIly

carry the insectr winged or wingless, frorn one area to another

(lVellington, 79451"

The rnosquitoes, however, rnust attain a þigher altitude if they are

to be dispersed by strong winds. Felt (1gz8l states roads prod.uce,convection

currents which rnay be distinctly felt 1000 feet above the surface and

convectional currents produced by a heated land surface over warmer

parts of the earth rnay easily attain 15,000 feet. These convectional

currents if they can support birds (Felt, l9ZgI could lift 1íghter ínsects

to high altitudes where they could be transported by strong )l.orizontal

winds" These l,orizontal winds rnay attaín a velocity of. up to 200 rn.p"h.

The dírection of the wind at the surface of the earth rnay not be

the sarne as in the upper atrnosphere. Williams (1930) provides figures

to show how wind directions vary with height,

Altítude in Meters

500

1000

z0 00

4000

600 0

The rnosquitoes could also be

Prevailing 'Winds

SS\M -'W

SVT - \M

sw - Nvr

IMS'W - N\M

w-Nw

stimulated to fly by changes in
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light intensity towards the evening or by t1ne lessening or wind velocity

at the sarne tirne of the day (Kennedy, L9391" The flight range of

rnosquitoes'was estirnated by Hocking (1963) on a flight rnill. The flight

Tarlge of our worst rnosguito pest, Aedes vexans, was found to be frorn

Z6^48 krns. Aedes dorsalis 24lrcrns. , and Aedes flavescens 11 krns, tr-rorn

these results it is possible that rnosquitoes could f1y voluntarily or

involuntarily into Kildonan Park frorn an external breeding site"

Felt (1928) elaborates upon the physical effects of strearns on aír

currents. These natural features usually lower the ternperature and there-

fore, there are frequently descending currents caused by the cooler air

seeking its level over water surfaces. This tends to bríng driftlng objects

neaïer to the surface of the earth and rnay explain the increased populations

at Kíldonan Park"

ryhe Red Rlver could have sorne effect upon rnosquitoes flying

high in the atrnosphere" This river is much wider and would have a

rnore pronounced effect than the smaller Assiniboine River adjacent to

Assiniboine Park. Perhaps for this reason the counts were considerably

lower at Assiniboine Park tinan at Kildonan Park, By the sarne token,

counts were lower at'Windsor Golf Course, and the Legislative Buildings.

The srnallest number of rnosquitoes in light trap catches have consistently

been captured at Brookside Cernetery where neither downdrafts nor

wind-breaks are prevalent due to a rive r of any kínd"
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The above data are confirrned by Figures 2,6, 27 and Z8 which surn-

rnaríze captures during 1963"

In the peak periods shown ín the Tables xx (June Z0 - July 4) and

xxi (August L9-26) less than 50Ío of. the fernale rnosquitoes captured at

Brookside Cernetery belong to the species Aedês vexans. In Table ;ccii

(August 6-15) 60To of. the rnosquitoes belonged to this species which is

B.l|o less than Kildonan Park. All other areas in Tables xx, :o<i, and

xxii showed a distribution of.75-90Ío Aedes vexans. Aedes vexans is the

rnost energetíc rnigrant of all our native rnosquitoes; it is the srnallest

species, agaín a feature associated with long

Since Brooksíde Cernetery does not have any

near to it, the New Jersey Trap located there

vexans than those ín any other areas.

range dísplacement of air.

strearns or wind barríers

, collected fewer Aedes

Another interesting feature is the large variety of rnosquito species

found at Brookside Cernelery. In Table :cc (June Z0 - J.uly 4), Aedes

dorsalis cornprised 3ITo of all the rnosquitoes collected and Aedes flavescêns

LSTI of the collections. For these particular species of rnosquitoes all

other areas were far below these percentages. This could suggest that

the area in and around Brookside Cernetery is favourable for the life

cycle of these two species. In Tables xxi {August 19 - Z6} and xxii

(August 6 - 15), these two species of rnosquitoes were hardly present

in the Brookside aïea. This rnay sugge st tlnat Aedes dorsalis and
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Aedes flavescen-s reach population peaks during certain periods of

the surnrner, This is contrary to Aedes vèxans which was very prevalent

throughout the entire su.mrner as is illustrated by all three tables. A

complete analysls of these data would require inforrnation about the

species cornplex during the larval stages"

The adult survey proved to be a very interesting feature of thís

prograrrÌ and all the experirnents will be investigated rnore th:oroughly

this surnrner.
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Figure 25. Survey Grapln 1963

A " Relationship for the Number of

Female Mosquitoes caught befween

the Sprayed Areas and the Unsprayed

Areas

B. Norrnal and Mean Temperatures

C. Individual Raínfalls
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I.íg:ure 26. The Nurnber of. Female Mosguitoes

caught in an Unsprayed Area - Oak Bliaff
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I.ígure ?7" The Nurnber of Fernale Mosquif,oes

caught in a Sprayed Area - Kildonan Park
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Figure 28. The Nurnber of tr-ernale Mosquítoes

caught in other Sprayed Areas

A" Brooksíde Cernetery

B. 'Wind.sor Park

C. Assiniboíne Park

D. Legíslative Buildings

E. St. Vital
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A COMPARISON Or. ADULT SURVEYS - 1959, 1962 AND 1963

A cornparison of various adult surveys has led to sorne interesting

consid.erations. One of the rnore prominent ones is the nurnber of peaks

of populations for the individual surveys. In 1959, there were 3 more

obvious peaks, 6 in1962 and 3 agaín inL963. The peaks in7962 'were

also much higher than the other two surveys showed" These

various features are illustrated in Figure ?9"

A definite correlation can be seen between the arnount of precipitation

and the nurnber and heíght of the peaks, The precipitatíon and temperatures

are shown in Tables xxiii, >rxiv and :rxv. Precipitatíon however, seerns

to have the greatest influence upon rnosquito popdlations" The greatest

nurnber of peaks forrld in'1962 were due to very heavy precipitatíon in

July and August" Thís was also a contributing factor to the lateness of

one of the peaks which extends into Septernber. The precipitation for

both July and August cornbined was approxirnateLy I inches above normal

(Table >ociv), The precipitation in 1959 was only slíghtly above normal

(Table >cciii) and below norrnal in 1963 (Table ><:<v).

In 1959, the first peak in rnosquito population was considerably

earlier than 1962 and1963. This was probably due to the earlier spring

rains in1959, The first lneavy rainfalls in7959 have been recored as

early as frorn the 3rd to 5th of May, alrnost 2 weeks sooner tlnan 7962

a;îd 19 63.
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I.l,g:ure ?9" The Average Female Catches outside

Metro - 7959, 1962 andL963
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TABLE XXIII

Precipitation 1959

tur3y

z .03t,

3 .37

4 ,60

5 "bb

10 .51

LZ .OB

L7 .06

18 "02
27, .08

24 .44

7,6 I"Z0

z7 .50

zB .08

Totals g

Norrnal Z"7B

Ys
Mean 49"L

Norrnal 51"9

Jurre

z .06"

6 "35

7 "51

I "IZ

9 "23

10 "33

11 "06

17 "20
z0 ,10

26 .36

z8 ,01

æ-

3.19

Jrrne

63"2

62"0

Jg
1 .oilr

3 
"19

4 .83

6 .04

7 .08

B ,50

10 "03

13 "05

L4 ,gl

?.0 .0"1

zt "79

zz ,09

z5 "08

ut-
z"94

4gssel-

z "25'l

5 .08

g .45

10 *03

13 "ZZ

15 "08

16 ,07

Lg "95

z7 ,15

zz 1.50

z6 .16

3:%,

2.53

August

67 "4

64,5

Ternperature L959

Þ
67" g

6T.L
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TABLE XXIV

Precipitatíon L962

l&v
-J 11ll
I o l¿L

9 "LZ

13 .52

L4 "90

15 "11

L7 ,42

Lg .43

zz .35

23 .59

zg 1" 01

30 .50

31 "05

Totals 5"ZL-

Normal L "97

ry
Mean 51" 5

Normal 52" 4

June

4 o26"

7 "18

10 .07

L4 .62

15 .37

24 .61

z"Lr

3 "79

June

65"1

6L"7

Temperature 1963

July

i"Iy

3 .53"

4 1"Bg

6 "03

I "JJ

g .09

g 
"10

10 "zo
z0 1"77

zz .38

23 .1I

24 "59

z8 ,02

zg .04

30- "03
6.11

z" 7L

65"6

69.3

Ajlgust

Not available

6" g3

More than 4'l
above norrnal

August

65,3

Less than one
degree below
rìorrl1alo
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TABLE XXV

Pre cipitation 19 63

Julyw
7 .11"

LZ "19

13 "52

17 "36

18 "12

Lg .13

?.0 "zg

26 .24

30 ,42

31 *ZZ

June

3 L.47'l

4 ,61

6 "07

8 "02

10 "64
lz .11

13 .01

18 "02

23 "08

25 "r4

26 .19

27 .02

29 .06

3 "43_

3"L9

June

66,2

orô I

August

5 .04"

I ,20

LZ ,01

15 "26
ß "65

1g .01

z0 "02

zl "zB

23 .01

27 .10

z8 .02

29 "49

t

10

11

t3

15

L6

1B

z4

z5

z6

o 01"

"ZO

"zz

"01

,04

.32

.03

.01

.87

.4L

T otals Z" 59

Normal L"97

z"Lz:
z" 7L

Temperature 1963

rglv

7L.3

68.3

z" og

2"7 6

Þ

Mean

Norrnal

49"B

52" 4

August

o("¿

66"Q
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CHAPTER VI

INSECT MIGRATION AND DISPERSAI-

The purpose of this investigation was to deterrnine iJ rnosquitoes

'weïe rnigrating into 'Winnipeg frorn an external breeding site' Interest in

migration 'was aroused. when counts in an often sprayed aTea (Kildonan

Park) rernained high in spite of the excessive fogging"

Method and Apparatus

The d.esign of the taII trap was obtained by personal comrnunication

frorn Taylor. The trap was erected. in an area geographically sirnilar

to that of Kild.onan Park at Glenlea on the banks of the Red River" The

trap was set up neaï to the river in order to obtain maxirnun advantage

of down d.rafts which could bring or transport insects closer to the

surface of the earth. The distance from the trap to the river was

approxirnately 75 metre s.

A photograph of the tall trap is illustrated in Figure 30 and

the general layout surrounding the trap is shown in Figure 31. The

entire structure was 40 feet tal1 and was rnou¡rted on a cement baseo

A 30 foot pipe, 10 inches in diarneteï was mounted on a 10 foot stand

construced. frorn rnarine plywood and angle irorr" The stand was 30 inches

square in d.irnensions. -Within the stand, rnounted on the cement base

.was a 3!4H.P. motor which propelled. a furnace blower {tr.igure 3Z}"



734

The air was sucked through the entíre structure and expelled through

an opening at tlne base of the stand" The corners of the plywood

standltrere fitted as tightly as possible to ensure rnaxirnun perforrnance

frorn the blower" The top of the pipe was left entirely open allowing

all species of insects to be sucked in. A screen funnel 4 feet,long,

was attached to the base of the pípe and its purpose $¡as to direct

insects into a cyanide jar (Figure 33), The electric rnotor with the

blower was alLowed to run continuously both day and night, The catches

'were collected and counted"

Results See Following Table (XXVI)
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!i!"99"io.

Heavy rains occurred within and surrounding the metro area frorn

June L6 - Z}tln" Many lst - Znd instar larvae \Mere observed at Oak Bluff

on June ZZnd" By June Z6th these larvae had rnoulted 3 time s and gíven

rise to the 4th instar" At this tirne however, there were no biting rnos-

quitoes, Intense biting occurred in the rnetro area on Srrnday evening,

June Z9tln" Many pupae ¡Meïe collected Monday morning, June 29th at Oak

Bluff with biting being extremely intense" The New Jersey Traps rvere

collected on Tuesday, June 3Oth at Oak Bluff and a grand tofal of 3016

rnosguitoes had been trapped with fernales out-nurnbering males almost

? toL (fernales - 1920 and males - 1096), On July 3rd however, the ratio

of fernales to rnales '\¡üas I to 7 {females - 351 and rnales - 702}, Frorn

the above data, it seerns that the fernale mosquitoes elrì.erged about the

same tirne as the rnales did" Fernales on Sunday evening, June ZBth

'were far too nurnerous to have ernerged locally and probably rnigrated

or \Mere dispersed into the metro area.

Three days before the fernale population peak occurred in Kildonan

Park, the fernale population peak occurred in the ta1l trap increasing

frorn 4fernale rnosquitoes on Jrrne 30th to ZI on July 3rd per day

(Figure 34), The males showed the same pattern in that the peak rnale

population in the taII trap occurred 3 days before the peak male

population in the New Jersey Trap at Kildonan Park" This could suggest
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that mosquitoes'\Ãi'ere rnigrating into the'Winnipeg area from an external

breeding site and therefore the ta11 trap set outsíde the rnetro area

collected peak populations 3 days sooner than the New Jersey Trap at

Kildonan Park" Further investigations are however stil1 necessary to

clarily this point. To make the situation more ideal, a ta1l trap should

have been located at Kildonan Park,

It is also interesting to note that in spite of the lack of rain since

mid-June, tlne New Jersey Traps in all areas and the ta1l trap at Glenlea

sti1l collected many rnale mosquitoes on July 28th,

TABLE XXVII

FernaLes Males

Uniyersity of Manitoba

Oak Bluff

City Park

Brookside

Lillyfield

Kildonan Park

Legislative B1dg"

'W-indsor Park

Okolita

T otals

5I

z3L

z5

0

146

L4Z

95

9

170

875

47

376

1B

0

4I5

117

157

t7

2I

r784
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Since the average life span of a male rnosquito is only Z-3 weeks,

x¡here are they corning frorn? The only probable answer is that the males

'were rnigrating into the Winnipeg area frorn outside rnetro where sorne

heavy rains had occurred. This is borne out by the fact that in the

outside a:rea traps at Oak Blulf and especially Lillyfield the rnales far

ouf,nurnbered the fernale s "

Aedes vexans, Culex tarsalis and Culiseta inornata were rrrost often

found in the ta11 trap and were therefore probably mÍgrating. Other

corrlrnon species as Aedes dorsalis and Aedes flavescens were however

never found in the tall trap and were eíther too rare or did not rnigrate.

C onclusíon

From the above date, it is quite reasonable to conclude that

rnigration of rnosquítoes is occurring into the'Winnipeg area but further

inforrnation especially utilizing a few more taL1 traps rvould be helpful.

It appears that the tal1 trap captures the invading mosquitoes mainly

after they arrive rather than during arrival"
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Figure 30" The Ta1l Trap Used for Migration Studies
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Figure 31" The General Layout of the Land surrorrnding

the Tall Trap
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Figure 32. The 3 /4IJ" P. lvlotor and Furnace Elower

Mounted within the Stand on the Cernent Base
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Figure 33, The Cyanide Jar Attached to the Ease of

the Funnel
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F igure 34. The Average DaLIy f'emale and Male Catches

from the New Jersey Trap at Kildonan Park,

and frorn the Tal1 Trap at Glenlea



lS
O

O

16
50

'1
5ô

n

11
50

12
00

lC
50 90

0

"1
50

ót
-.

0

/,5
C

30
0 50

à ll ¡l ¡t rl l¡ I ? t I , I I I ¡ I I I I I I

À
V

T
.B

.À
G

E
 F

T
I.'

IA
I,E

K
ilÐ

C
ri{

rN
 P

.{
f.ï

À
N

D
 M

¿
.IE

 O
À

T
C

Ji
T

i]
A

I'I
D

 T
}M

 Î
A

],L
 T

B
J.

IT

t I I I I

25
 2

6 
29

 3
0

JU
N

E

F
T

,ft
 i

JA
Y

 À
T

¡\
T

 G
i,L

lii
Í-

È
.

lr l¡l It
*-

-\
i

67

I ¡ I ¡ I \

8 
9 

t0
 

l3
14

 1
61

?

JU
LÏ

--
'j)

L-
."

n*
*-

--
--

--
--

J;
;;'

fl 
' T

 '
an

 
rì

 
âa

 
r,

 
âa

20
21

22
|//

"-
w

æ
--

--
--

--
--

-{
'

2 
2r

. 
289 
K

IL
D

. 
P

.

JK
T

 L
D

 .
P

.

9T
. 

T
.



149

CHAPTER VII

SECTION T

INSECTICIDE RES]STANCE TESTS

rn the last decade or slightly rnore there has been increased

concern over the developement of resistance by nurnerous insects to

insecticide applications. rn a little rrrore than ten years about f.orty

species of insects of public health irnportance have developed resísfance

to the synthetic organic insecticides which forrnerly controlled them.

This severe setback to t]ne Large-sca1e campaígn against insect - and

tick-borne diseases has led to much work on resistance particularly in

house-flies and mosquitoes, The problem, however, ís not recent, nor

is it confined to insects of med.ical importance, for it first arose in

pest control on fruit crops " Tn1908 lirne-sulphur faíled to control the

San Jose scale in parts of U. S" A. even when applied at a dose ten tímes

greater than that which forrnerly gave excellent control (trMay, 1959I,

By L943 the resistance of codling moth in Virginia, U. S.A. could

not be oveïcome by trebling the nurnber of spray applications, by

doubling the volume of spray applied each time, by increasing the dose

of arsenic or by various other variations of procedure,

rn increasingly large areas throughout the world, house-flies and
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rnosquitoes have developed resistance to chlorinated hydro-carbon

insecticides such as D" D. T., BHC, and dieldrin. Sornetirnes they have

becorne practically irnrnune, Thus, certain strains of rnosguitoes have

a resistance of about 300 times normal to D"D"T" and 800 tirnes normal

to dieldrin. The sarne has beenfound true for the house-fly (Vfay, 79591"

Durharn, 1957, states that organic phosphorous insecticides are

assurning an increasingly irnportant role in rnosquito control because

of the vridespread developement of insect resistance to D"D, T" and, in

a sorne'what lesser degree, to other chlorinated hydro-carbons. This

was also enlarged upon by Schoof (i960)"

Many different species of mosquitoes are resistant to insecticÍdes.

Aedes aegypti in Trinidad, Anopheles sundaigu! in Java 
"ttd ¿Sophul"".

garnbiae in Northern Nigeria are either resistant to dieldrin or D. D.T.

{Brown, 1959}.

Larvae"f@takenínI947frornthePontineMarshes

near Rorne proved to be rnore resistant to D.D"T. than a laboratory

strain, In1949, larval populations of salt-marsh rnosquitoes (Aedes

taeniorhynchus and sollicitans) at Cocoa Eeach, Brevard County, Florida,

proved to be resistant to D. D. T" treâtrnents which had adequately

controlled their predecessors in the preceding four yeaTs; in the laboratory

they proved to show 18% rnortality to concentrations that kil1ed 90% of

normal populations, In the sarne year, larva1 populations of Culex and
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Aedes had proved resistant to D. D, T. in California {Brown, 1951).

Although resistant strains are being found ín mosquitoes, they

are stil1 rrÌore prevalent ín the cornrnon house-fly (Brown, 1951)"

Many other species of insects can be added to the list,

Due to this increase in resistance, the resistance or slr-sceptibility

of rnosquito larvae to insecticides was tested in the Winnipeg area and

the method and results of these tests will follow presently.

Method and Apparatus

The resistance test kit'was supplied by The 'W'orld Health

Organization in Geneva, Lots of 20-25 larvae were distributed in each

of twelve smal1 beakers each containing Z5 rn1s. of water. Concentratíons

of D.D.T,, Garnrna EHC, and dieldrin of .004? "02, .10, .50, and 2"50

p" p" m" \Mere employed using two beakers with each concentration together with

a control. These concentrations rv'ere obtained by adding one ml" of the

insecticide to 250 rnls. of water. The water that was used was mostly the

water in which the larvae were found and if this was not sufficient, a srnall

amount of tap 'water was added. The test larvae \ilere left exposed to the

insecticide for 24 lnours before the results were taken.

R e sults

In all the tests that were made no resistance'was found (Tables

xxviü, :o<ix and >o<>r). Only the pupae survived,
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Conclusion

There was r1o resístance found ín rnosquito larvae to various

inse cticíde applications .
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Saponin as a Larrracíde

,',;:t,-;'.,:r,b¡rerntvatJ-on of ,1% prevented the moulting of llelanoplus livit*,tfu," .,.,,,,,,.,*',,

.;,,t:;,;,:/*Wàn,the insects had advanced. to the second, or third. instar.: T}¡e',ãIláÁll ,',',4
:....::' :

.:.:a....':.:a:,a.:.:.;.:t:,.).::)4.:':...:.': .. :.. , ,,.,,, 
,-l

-.¡;,:4;aþo:nin' was obtained from Mann Research Laboratories and is a

,t .:.ifue of quilliac acid and sapotoxin which are both glucosides. ,,It,is.. -,.,

:.,&øined frorn the bark of the quillaia saponaría tree and. is içnporl'él',,',,

f::-,ófi''t}re Chile in South Arnerica.

t',,'&'iW¡to Larvae in the first instar, Two experirnents weïe cornplete d, . . . .'

a , ,, ': 
:'"'tt:tl

:.'::r:',aa::.foltriws: ' 
'','"t,",,, . , :;,,,,,:,

, , ,,..,:::

:1"::;t,W, ,',,,:';';.
.: ' :''''

:;:L.1:'ll:,'. ',,,"'These investigations includ.ed the follorring concentratíons ,ôf

,::,.!:'::l::,.,,

, ,;...sA¡onin: ',1, "5, 7, 5, andL\%, A small arncunt of dog food was 
"dd"d.-.att*'.:, r.a:4:.:.,t. :, ::: - :.,',a'

t9,,eaeh concentration and a control with water and dog food 'was run . . :
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.5, " 05, and "005Ío together with a control as in Experirnent A"

Results - Experirnent A

After 48 hours, none of the rnosquíto larvae in any of the concentrations

had rnoulted and a.11 were dead, All larvae in the control treatment

developed norrnally to the adult stage.

ExperÌrnent B

After 48 hours, all the larvae at "5% concentrãtion were dead,

Two out of 10 were stil1 alive in the " 05% concentration and all the larvae

'weïe alive in . 005% concentratíon, After 7Z hours all the larvae ín .05To

concentration were dead, but still 1íving and moulting in .oO5%. After 6

days pupation had taken place in . 005% concentration and in the control

norrnal developernent continued"

C onclusion

Saponin defínitely inhibits rnoulting of Aedes aegypti rnosquito

larvae and. rnay have practical significance in the future.
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The orientatíon experirnents in the surnrner of 1963 were attempted

with a large revolving trap containing four New Jersey Traps facing

different directions" The shape of the trap however, resulted in the

formation of many unwanted vortices and lees. Different directional

traps were designed for the following surnûrer and were rnuch rrrore

effective. The ratio of downwind to upwínd catches was drastically reduced

when the new directional traps \il'ere ernployed. Mosquitoes orientated

in an upwind direction, but Trrany still flew downwind. On the contrary,

chironornids flew in a dowrrwind direction but many still flew upwind.

Moths orientated neither in an upwind or downwind fashion" No sig-

nifÍcant differences for the total nurnber of insects between upwind and

downwind flight directions was found.

In the laboratory, the reactions of flying rnosquitoes to a rnoving

background were tested" Aedes aegypti atternpted to keep the background

stationary or rnoving frorn the front of the eye backwards during ftight"

Flight with substrate rnovement was direct and rapid, but atternpts to

fly against substrate movement \ü'eïe irregular and hesitant. Flight

with substrate rnovernent was at a rnuch lower altitude in the fliøht

tunnel. The rnosquitoes never alighted when strípe rnovernent surpassed

flight speed" Aedes vexans and Aedes irnplicaius did not react in the
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sarne manner to background rnovernent as did Aedes aegypti, In contrast

*ith 4"4gåjryp]..atus however, flight was rnuch easier to initiate with

Aedes vexans,

A high velocity of wínd followed by complete stoppage stirnulated

certain rnosquito species to take off, The fiight periods of Aedes aegypti

'were found to be longer than those "f þþj tu*, This was illustrated

by the fact that rnore mosquitoes \¡/'eïe flying at the end of each rninute

fo" 4"dg!_e"gypri. Aedes implicatus did not react to the take off or

flight stirnulant.

A survey of the adult rnosquito population was carried out in an

effort to cornpare treated with untreated insecticide areas, In 1963 the

light trap catches were rnuch higher in the untreated areas in cornparíson

with the treated one. The rnigration of rnosquitoes into the Greater

'W-innipeg area frorn an external breeding site was reasonably extablished

by utilizing a tall 40 foot trap designed by Taylor, The peak catches

in the tal1 trap lry'ere aknost simultaneous to those in the New Jersey

Trap at Kildonan Park"

Tests revealed that insecticide resistance had not yet developed

in the native mosquitoes. Three insecticides (D. D. T" , Garnma BHC

and dieldrin) were tested at various dilutions and all of them proved. to

be quite effective after a ?4 lnour period.
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Saponin proved to be an effective larvacide at rninute concentrations.

Concentrations of 10, 5, 1, .5, .1, .05 and "005To were tested, After 72

hours, all the larvae frorn I0-.05To concentrations weïe dead, Those ín

the . 005T0 concentration developed normally,
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