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Studies on the Kinetic Response of Mosquitos
to Chemicals*

R. ELLIOTT'

An apparatus is describedfor study of the activity of mosquitos either with or without
stimulation by exposure to insecticides or other chemicals such as repellents. Batches of up
to 30 mosquitos can be used and they can be studiedfor a longer time than is possible with,
for instance, the methodputforward in 1960 by the WHO Expert Committee on Insecticides.
Random activity by the test insects, in the absence of directional stimuli due to light or
chemicals, is converted to progress through baffles in the partitions separating a series of
four boxes and is expressed as a percentage of the total possible activity that would be
shown if all the insects passed all the baffles. Exposure to chemicals, by exposure to
impregnatedpapers, can take place before the mosquitos are put in the apparatus, or in the
first box. In the experiments described, the activity of recently fedfemale Anopheles was
studied over periods ofup to 20 hours.

Comparison of the method described with other methods shows that it shares the high
variance characteristic of all current procedures for studying mosquito behaviour, although
the use of large numbers of insects over long periods has some advantages. The method
does, however, give information on mortality under conditions offacultative contact that
may be a valuable supplement to the results of conventional susceptibility tests.

The behaviour of mosquitos after contact with
insecticides has been investigated by the method
devised by A. W. A. Brown (1958), and modifications
due to Coluzzi 2 and Cullen & de Zulueta (1962).
Attention has mainly been directed to the irritability
shown by certain species and strains during contact
with DDT, measured either by the average time to the
first flight from a treated surface or by the average
number of flights in a given time, as compared with
the same type of activity in untreated controls. Dif-
ferences between species and strains can in some
cases be correlated with the field performance of
DDT against them. A valuable feature of the method
is that use is made of a mass-produced and widely
distributed apparatus, originally intended for the
bio-assay of sprayed surfaces, thus enabling com-

* The studies conducted in London were supported by
a WHO research grant.

I Formerly, Entomologist, Malaria Service, Ministry of
Health, Federation of Nigeria. Present address: Entomo-
logist, Malaria Eradication, Pan American Health Organi-
zation, BogotA, Colombia.

' Coluzzi, M. (1962) An experimental method for deter-
mining the irritability of adult mosquitos to insecticides
(unpublished document WHO/Mal/329; WHO/Insecticides/
130).

parable results to be obtained by workers all over
the world. Conversely, there are disadvantages:
only a small number of mosquitos can be studied at
one time; continuous observation in a good light is
necessary; and the observations are usually limited to
a span of 15 minutes.
To study the kinetic effects of chemicals on larger

numbers of mosquitos, subjected to a minimum of
stimulation by light and other variables, over longer
periods of time, a modification of an apparatus
devised by L. B. Brown & Evans (1960) was used.
The original consisted of a series of boxes connected
by funnels acting as non-return valves, and was used
for the study of the activity shown by flies in different
nutritional states; they were placed in the first box
and their random activity resulted in progress
through the series, and was expressed as a percentage
of the total activity possible in a given time, using the
formula:

(n2 + 2n3 + 3n4) X 100

3 (n, + n2 + n3 + n4)

where n1 is the number remaining in box 1, and n2,
n3, and n4 are the numbers reaching boxes 2, 3 and 4,
respectively.
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APPARATUS

For use with mosquitos, the apparatus was re-
duced in size, and consisted of four boxes each
15 cm high and 12 cm wide and deep, separated by
three partition walls, each 15 x 12 cm and pierced
by an aperture fitted with a baffle that limited move-
ment mainly to the " forward " direction (see Fig. 1).
Various types of baffle were tried, and it was found
that if a reasonable amount of total movement was
to take place, a certain amount of reverse movement
had to be tolerated; a ratio of four forward passages
to one in reverse was the best that could be obtained,
using the type of baffle shown in Fig. 2.
For the tests made at Lagos and Cairo (see below),

wooden boxes divided by card partitions were used;
in London, the boxes and partitions were made of
Perspex, that for the partitions being 1 mm thick.
In both cases the boxes were lined with paper, that
in the first being impregnated with insecticide in some
tests. The Perspex apparatus was made bottomless,
and rested on blotting-paper over a foam plastic mat.

The apparatus was closed with a Perspex lid, pierced
with a hole over box 1 for entry of the mosquitos,
and by another small one over box 2 for a drawstring.
The string released a Perspex slip acting as a closure
to the opening in the first partition. The apparatus
was hooded with dark paper, to prevent directional
effects due to light, or disturbance by shadows.
Two types of experiment were performed: in the
first, untreated mosquitos were placed in box 1 with
its three sides lined with treated paper; in the second,
mosquitos previously exposed to chemicals were
placed in box 1, with all boxes lined with untreated
paper. Control series in each case were run, res-
pectively, with untreated paper in box 1 or with un-
treated mosquitos. Immediately after loading of
box 1 with mosquitos, the apparatus was hooded,
and a period of five minutes allowed for the settling
of the initial disturbance. Then the drawstring
releasing the slip closing the first partition was pulled,
and readings of the numbers of mosquitos in each
box were taken at intervals thereafter. The room
was darkened before removal of the hood, and the

FIG. I
APPARATUS FOR MEASURING KINETIC RESPONSE OF MOSQUITOS TO CHEMICALS:

BOX ASSEMBLY IN PERSPEXa

E

a All dimensions are given in centimetres. B: Baffles (for details of baffle see Fig. 2). E: Entry port. S: Hole for drawstring.
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FIG. 2
CONSTRUCTION OF BAFFLE IN 1-mm PERSPEXa
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with closure C
and drawstring S

a All dimensions are given in centimetres.

numbers were checked with a minimum of light. It
was found that a dim torch, preferably green-shaded,
caused the least disturbance. A possible improve-
ment would be provision of adjustable closures in
all the partitions; observations could then be made
in full light with the partitions closed before the
removal of the hood, and reopened after its replace-
ment.

BIOLOGICAL MATERIAL

Since the action of insecticide treatment of houses
on female Anopheles is thought to take place mainly
during the resting stage of the gonotrophic cycle fol-
lowing the blood-meal, all tests were made with re-

cently fed mosquitos. Feeding of laboratory colonies
is usually done in the morning, so that the period of
observation was from about noon on the day of feed-
ing until the morning of the next day, and was thus
about 12 hours out of phase with the natural cycle.
Untreated mosquitos, however, tended to remain
quiescent over the early part of the period. Batches
of up to 30 were used; this gave 18 cm2 of resting
space per mosquito in box 1 in the apparatus as
finally designed. In the wooden type, an additional

resting surface that could not be treated, the card
partition, was present. The Perspex partitions were
thus a considerable improvement, since few mos-
quitos rested on them. In London and Lagos, the
laboratory temperature was controlled at 80°F
(26.7°C).

RESULTS

Experiments with A. gambiae
At Yaba, Lagos, Nigeria. These tests were made

in 1960, on the Lagos dieldrin-susceptible strain of
A. gambiae; blood-fed females, four days old, were
used in batches of 20. The LC50 values for the
strain-determined by the method recommended by
the WHO Expert Committee on Insecticides (1960)-
for DDT, dieldrin and malathion were, respectively,
0.5%, 0.05% and 0.77%. The percentages of pos-
sible activity shown by untreated mosquitos when
box 1 was lined with filter-paper impregnated with
DDT, dieldrin, malathion, DMP (dimethyl phtha-
late), deet (diethyl toluamide), fenthion, or Risella
oil only (control), are given in Table 1. All the che-
micals except malathion stimulated more activity
after five hours than was shown by the controls. The

U-
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TABLE 1

LAGOS EXPERIMENTS WITH A. GAMBIAE EXPOSED
TO TREATED PAPERS IN BOX 1 a

Percenitage of possible Pretg
Chemical activity after: rortality after

5 hours 18 hours 18 hours

DDT0.5% 35 44 39

Dieldrin 0.1 % 31 51 68

Malathion 0.25 % 5 30 64

Control 21 28 6

DMP 3.0% 12 30 9

Deet 3.0% 19 39 35

Fenthion 0.125 % 29 33 82

Control 6 33 2

a 5 replicates of 20 mosquitos.

repellents DMP and deet showed strong locomotor
stimulant properties, and it may be that their action
is as much due to these as to true repellency, defined
by Dethier et al. (1960) as the stimulation by a
chemical of oriented movements away from the
source. At 18 hours, dieldrin caused the greatest
amount of activity, and also a high mortality.
Malathion and fenthion, on the other hand, caused
high mortality without any locomotor stimulant
effect.

TABLE 2
LAGOS EXPERIMENTS WITH A. GAMBIAE EXPOSED

TO CHEMICALS FOR ONE HOUR BEFORE BEING PLACED
IN BOX I a

Percentage of possible Pretg
Chemical activity after: b mPoertaleintagfter

5 hours[ 13 hours 1 18 hours 13 or 18 hours

DDT 1.0% - 36 _ 58

Dieldrin 0.1 % - 54 - 30

Malathion 0.25 % - 49 - 15

Control - 33 _ 4

DDT 0.25 % 44 - 46 56

DMP 3.0% 37 - 41 30

Deet 3.0% 52 - 57 38

Control 19 - 34 8

a 5 replicates of 20 mosquitos.
b - = test not done.

Table 2 shows the activity in mosquitos treated for
one hour by forced contact with treated papers in
the WHO susceptibility testing apparatus, before
being placed in box 1, all boxes being lined with un-

treated paper. The highest mortality in this case was

caused by DDT; the activity shown by the DDT-
treated mosquitos died down soon after removal
from the insecticide. Both dieldrin and malathion
gave high rates of activity at 13 hours. The two repel-
lents showed, as before, strong locomotor stimula-
tion, with weak insecticidal activity, comparable to
that of the lower dosage of DDT. In Table 3 are

summarized the results of tests in whikh a holding
period of five hours was interpolated between one

hour of forced contact and the placing of the mos-

quitos in box 1. The results refer to those individuals
-the majority-not knocked down at the end of the
holding period. The activity due to DDT, malathion,
and the repellents appears to have been dissipated in
the holding period, but that due to dieldrin was still
apparent.

It was concluded from these experiments thatDDT
and the repellents acted rather similarly, in causing
an early, but short-lived increase in activity, but that
dieldrin, and possibly fenthion, took effect after a

latent period. The effect of malathion was thought
to be rather different, in that an actual reduction in
activity was shown in the first five hours. Further
experiments to explore the possibility that the
combination of this effect with that of DDT might
lead to synergism or potentiation were made, and

TABLE 3
LAGOS EXPERIMENTS WITH A. GAMBIAE EXPOSED FOR
ONE HOUR TO CHEMICALS AND HELD FOR FIVE HOURS

BEFORE BEING PLACED IN BOX I a

Percentage of possible Percentage
Chemical activity after: mortality after

5 hours 1 18 hours 18 hours

DDT 0.5 % 35 44 39

Dieldrin 0.1 % 31 51 68

Malathion 0.25 % 5 30 64

Control 21 28 6

DMP 3.0% 12 30 9

Deet 3.0 % 19 39 35

Fenthion 0.125 % 29 33 82

Control 6 33 2

a5 replicates o 20 mosquitos.
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TABLE 4

LAGOS EXPERIMENTS WITH A. GAMBIAE EXPOSED
TO PAPERS TREATED WITH MIXED CHEMICALS

IN BOX 1 a

Percentage of possible mortality
activity after after b

Chem ical
after

5 13 18 13 18
hours hours hours hours hours

DDT 0.5 % 31 - 40 - 74

DDT 0.25% &
malathion 0.25 % 13 - 19 - 97

Malathion 0.5 % 18 - 25 - 96

Control 20 - 31 - 18

DDT 0.5 % 50 - 54 - 48

DDT 0.25% &
malathion 0.125 % 26 - 26 - 76

Malathion 0.25 % 24 - 28 - 82

Control 25 - 36 - 9

DDT 0.2 % - 50 - 45 -

DDT 0.15 % &
malathion 0.025 % - 39 - 71 -

DDT 0.1 % &
malathion 0.05% - 36 - 71 -

DDT 0.05 % &
malathion 0.075 % - 36 - 65 -

Malathion 0.1 % - 30 - 77 -

Control - 36 - 5 -

a 3 replicates of 30 mosquitos.
b_-= test not done.

are summarized in Table 4. The rather encouraging
results there recorded were obtained with a sample
of malathion of 99.8% purity; subsequent attempts
made in London with technical and premium grades
did not reproduce this effect. Although malathion
caused low levels of activity, there was no reduction,
and even a small admixture of DDT increased
activity and reduced mortalities to levels below those
expected from a purely additive interaction of the
toxicants. The locomotor depressant effect of the
organophosphorus insecticides has been investigated
by Godan (1959) and found to be critically dependent
on the concentration of toxicant, so that it seems
unlikely that these effects can be used in the control
of mosquitos by residual treatments. Nevertheless,
Service (personal communication) states that a
DDT/malathion mixture caused high mosquito
mortality in huts in Northern Nigeria for one month

longer than either of the insecticides used individually
at equivalent dosages.
The most interesting feature of these results seems

to be the observation that the repellents DMP and
deet act as weak insecticides with an action similar
to that of DDT, showing an immediate locomotor
stimulant effect. Kellogg & Wright (1962) have
shown that the effect of these substances on flying
mosquitos is to interfere with their power to follow
a warm air-stream and to prevent response to stimuli
which would otherwise lead to landing and feeding.
The possibility that the irritation of mosquitos by
DDT is due to a similar inhibition, in this case of the
tendency to alight and rest, rather than to direct
locomotor stimulation may be important, since the
dosage received by an insect that was kept from
further contact by a sensory effect would be much
less than that received by one that only broke con-
tact after absorbing sufficient toxicant to stimulate
its central nervous system.
At the Ross Institute, London. Three strains of

A. gambiae were used in the tests made in London:
the dieldrin-susceptible Lagos strain, of which that
used at Yaba was a subcolony; the dieldrin-suscep-
tible Diggi strain from Northern Nigeria, and the
dieldrin-resistant Bobo Dioulasso strain from Upper
Volta. The results in Table 5 consist of comparisons
of the base-line activity of the three strains in the
absence of stimulation, and of the last two when
exposed to DDT, dieldrin and malathion on papers
lining box 1. The great variations in performance
from day to day are well shown by the very different
degrees of activity shown by the Diggi strain in the
first two sets of results. No difference could be
shown between the basic activity of the two dieldrin-
susceptible strains, but at four hours and 20 hours
the Lagos strain was more active than the Bobo
Dioulasso strain (P<0.2 and P<0.05, respectively).
This difference does no more than confirm the very
strong subjective impression that the Bobo Dioulasso
strain is more sluggish than the dieldrin-susceptible
strains. The effects of DDT on the two strains were
also significantly different at various levels, the
dieldrin-resistant strain being less responsive. There
are also clear indications that DDT caused greater
response in both strains at 0.5% concentration than
at 0.25%. Several authors (Coluzzi, op. cit.; Mou-
chet & Cavalie, 1962) have detected no difference in
response to 2% or 4% DDT, using the method for
testing irritability recommended by the WHO Expert
Committee on Insecticides (1960); it may be that
both these concentrations are above the threshold
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TABLE 5
LONDON EXPERIMENTSWITH A. GAMBIAE EXPOSED TO TREATED PAPERS IN BOX I

Percentage activity Percentage activity Percentage activity
Insecticide and after one hour a after 4 hours after 20 hours

Strain concentration- _ _ _ _ _ _ _ _ _ _ _ _ _ -_ _ _ _ _ _ _ _ _ _ _ _-_ _ _ _ _ _ _

Leaving Of total Leaving Of total Leaving Of total
box 1 possible box I possible box 1 possible

Diggi Nil - - 60.3 34.8 76.5 56.9

Lagos Nil - _ 49.0 26.8 73.1 52.7

Diggi Nil - _ 17.1 8.8 b 44.4 25.3 c

Bobo Nil - 5.8 2.2 b 16.7 9.3 c

Diggi DDT 0.5 % 53.0 31.7 d 85.3 63.1 e 89.2 77.0 f

Bobo DDT 0.5 % 27.7 12.6 d, g, h 61.1 30.7 i 88.9 52.21

Diggi DDT 0.25 % 16.6 7.1 k 37.7 19.7 e 42.5 27.9 f

Bobo DDT 0.25 % 3.8 1.3 g 17.0 6.9 29.6 12.9

Diggi Nil 4.3 2.0 k 17.1 8.8 44.4 25.3

Bobo Nil 3.6 1.2 h 5.8 2.2 t 16.7 9.3

Bobo Dieldrin 4 % 5.7 2.3 13.8 4.9 55.2 28.4

Bobo Dieldrin 1.6% 3.7 1.8 3.7 1.8 16.0 9.3

Diggi Dieldrin 0.1 % 27.8 13.6 46.3 21.6 50.0 25.6

Lagos Malathion 0.1 % 1.3 0.9 6.5 3.0 67.5 44.2

Bobo Malathion 0.1% 0 0 7.0 2.3 17.6

a - = test not done.
b, U Figures with corresponding index letters significantly different at 0.2 % probability level.
c, d, e, h, to J Figures with corresponding index letters significantly different at 0.05 % probability level.
f Figures significantly different at 0.1 % probability level.

for maximum response, or that the short time-span
of the WHO Expert Committee method does not
allow such differences to show themselves. The
Diggi strain showed a response to dieldrin greater
than that of the Bobo Dioulasso strain to a con-
centration 16 times higher, and this showed itself
after one hour. The highest concentration of diel-
drin, 4%, produced considerable activity in the Bobo
Dioulasso strain between the fourth and twentieth
hour. The response to malathion was delayed until
after the fourth hour in both the Lagos and Bobo
Dioulasso strains; the former was the more affected.

Experiments with A. stephensi
The two strains of this species, studied in London,

were the SS DDT-susceptible strain from India, and
the YF DDT-resistant strain from Iraq. The latter
requires selection pressure to maintain maximum
resistance, and the material used varied considerably

in both susceptibility and behaviour. No difference
in basic activity between the strains could be de-
tected, but their responses to DDT, dieldrin and
malathion were visibly different, and some of the
results shown in Table 6 approach or attain statistical
significance. There are also clear indications of a
graded response to different concentrations of DDT;
in the SS strain this reached a maximum at a con-
centration of 0.5%, the effect of higher concentra-
tions being complicated by knock-down. In the YF
strain, however, the response up to four hours in-
creased over the whole range from0.2 5 % to4%. There
was also a clear difference between the two strains
in the timing of their response to dieldrin and mala-
thion, the YF strain being in each case the less active.

Experiments with A. albimanus
Two strains of this species were available in Lon-

don, the SS strain from Panama and the LLTT strain

662 R. ELLIOTT*



STUDIES ON THE KINETIC RESPONSE OF MOSQUITOS TO CHEMICALS

TABLE 6
LONDON EXPERIMENTS WITH A. STEPHENSI EXPOSED TO TREATED PAPERS IN BOX I a

Percentage activity Percentage activity Percentage activity
Insecticide and after one hour after 4 hours after 20 hoursStrain concentration Leaving Of total Leaving Of total Leaving Of total

box I possible box 1 possible box I possible

SS Nil 1.0 0.4 b 28.0 12.7 68.5 42.1
YF Nil 0.7 0.2 c 21.9 10.0 71.3 43.1

SS DDT 0.25 % 36.4 18.7 b, d 50.0 23.8 e 77.3 41.9
YF DDT 0.25 % 14.8 6.2 c, f 42.6 16.0 g. h 91.4 58.1

SS DDT 0.5 % 80.6 54.9 86.9 63.5 e 94.4 67.9
YF DDT 0.5 % 50.0 37.6 72.4 45.2 g 92.6 73.5

SS DDT 1.0 % 57.4 41.7 d 68.9 52.3 69.3 54.4
YF DDT 1.0 % 64.5 43.4 72.8 48.1 78.9 52.6

SS DDT 2.0 % 44.3 33.8 45.7 35.5 67.9 52.5
YF DDT 2.0 % 73.5 45.5 f 80.9 52.4 h, i 86.7 65.1

YF DDT 4.0 % 69.7 49.0 69.7 56.6 73.1 58.5

SS Dleldrin 0.1 % 2.0 1.3 50.0 28.2 51.9 32.0
YF Dieldrin 0.1 % 1.6 0.5 3.2 1.1 77.4 38.7

SS Malathion 0.25 % 4.0 1.5 31.8 13.7 k 54.3 33.3
YF Malathion 0.25% 0 0 1.3 04 70.9 48.9

a 5-6 replicates.
b, c, d, g, h, i Figures with corresponding index letters significantly different at 0.2 % probability level.
e,f, J, k Figures with corresponding index letters significantly different at 0.05 % probability level.

from El Salvador, respectively susceptible and re-
sistant to both DDT and dieldrin. The differences,
shown in Table 7, between them follow the same
trend as that seen with A. gambiae in that the resistant
strain showed less basic activity and less response to
DDT than the susceptible. The susceptible strain
showed a graduated response to increasing con-
centration ofDDT at one and four hours; at 20 hours
the effects ofknock-down reduced the recorded acti-
vity below that of untreated controls. The effect of
the different concentrations on the LLTT strain is
not clear, as maximum movement occurred with
1 %. Malathion caused increased activity after four
hours, but decreased activity at 20.

Experiments with A. pharoensis
Two tests only were made with a strain of this

species recently brought into laboratory culture at
Cairo; it probably included material both suscep-
tible and resistant to DDT. The basic level of
activity was low as compared with other Anopheles,
but this may be partly due to the rather different
apparatus used. The response to 2% DDT is shown

in Table 8; mortality in the DDT group was 44%,
against 6.5% in the controls. All the mosquitos
remaining in box 1 died; of those leaving only 13%
died.

Experiments with Culex fatigans
Two tests with the Lagos dieldrin-susceptible strain

of this species were made at Lagos. DDT caused
early activity with low mortality; dieldrin caused
later movement with high mortality, while malathion
was intermediate in both respects, as shown in
Table 9.

Mortality under conditions offacultative contact
Table 10 shows a number of data of mortality due

to insecticides in different strains under conditions of
facultative contact; the most obvious feature is that
the usual relationship between concentration of
DDT or malathion and mortality does not seem to
apply, and that the relative toxicity of DDT as
compared with dieldrin and malathion is much less
than when these toxicants are applied under the more
conventional conditions of forced contact. Under

4
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TABLE 7
LONDON EXPERIMENTS WITH A. ALBIMANUS EXPOSED TO TREATED PAPERS IN BOX I a

Percentage activity Percentage activity Percentage activity
Strain Insecticide and

after one hour after 4 hours after 20 hours b
concentration Leaving | Of total Leaving Of total Leaving Of total

box 1 possible box I possible box 1 possible

SS Nil 0.7 0.5 c, d 6.3 2.5 e 66.7 40.8f- g
LLTT Nil 1.3 0.4 3.6 1.5 38.5 27.6 g

SS DDT 0.25% 8.5 3,5 c 35,4 16.0 -

SS DDT 0.5 % 19.7 7.6 d, h 47.0 18.7 e,i 50.0 23.8
LLTT DDT 0.5 % 0 0 9.5 3.2 33.0 25.0

SS DDT1.0% 37.4 18.1 h.,Jk 53.7 28.2i4 61.5 33.6
LLTT DDT 1.0 % 9.6 4.8 J 33.7 19.21 49.4 34.9

SS DDT 2.0 % 48.1 35.2 k 58.9 36.5 66.2 43.6
LLTT DDT 2.0 % 4.0 1.0 15.3 5.1 36.0 16.0

LLTT DDT 4.0 % 23.0 9.0 31.0 14.0 38.0 19.0

SS Malathion 0.25% 2.0 0.6 26.2 11.7 36.9 21.0f

a 3-5 replicates.
b.-_= test not done.
c, d4..es J, I Figures with corresponding Index letters significantly different at 0.05 % probability level.
g, h,L k Figures with corresponding index letters significantly different at 0.2 % probability level.

those conditions, DDT and malathion are about
equal in toxicity, while dieldrin is about 10 times as

toxic; the present observations show malathion to
be nearly as toxic as dieldrin, and many times as
toxic as DDT. The possibility of escape from con-

tact, and the different locomotor-stimulant proper-
ties of the toxicants, account for the differences in
effective toxicity and in some degree approximate to
the conditions under which the toxicants act under
the field conditions of malaria eradication by
domestic house-spraying.

TABLE 8

CAIRO EXPERIMENTS WITH A. PHAROENSIS EXPOSED
TO TREATED PAPERS IN BOX 1 a

Percentage of possible activity after: b

Insecticide 2 3 4 5 10 10-20

hours hours hours hours hours hours

DDT 2.0 % 15 _ 21 23 38 48
Nil 4 4 4 4 19

DDT 2.0 % - 14 27 42
Nil 2 6 14

a Two tests only.
b-= test not done.

Methods of measurement of activity
The use of a series of boxes is the principal

difference between the present tests and the method
adopted by Kennedy (1947) for study of the irritant
effect of DDT. It is therefore of interest to know to

TABLE 9
LAGOS EXPERIMENTS WITH C. FATIGANS EXPOSED

TO TREATED PAPERS IN BOX 1 a

Percentage of possible iPercentage
Insecticide activity after: b of mortality

5 hours| 13 hours 1 18 hours a13re18hours

DDT 4.0 % 32 - 38 33

Dieldrin 0.05 % 3 - 37 85

Malathion 1.0 % 22 - 31 62

Nil I - 10 0

DDT 4.C% 39 - 26

Dieldrin 0.05 % - 33 - 91

Malathion 1.0% - 25 - 52

Nil - 5 - 0

a 3 replicates of 40.
b - = test not done.
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TABLE 10
LONDON EXPERIMENTS WITH THREE ANOPHELES
SPECIES EXPOSED TO FACULTATIVE CONTACT

WITH INSECTICIDES

Percentage mortality a

Insecticide A. gambiae A. stephensi A. albimanus

Diggi Bobo SS YF SS LLTT

DDT 0.25 % 16 7 45 3 56 -

DDT 0.5 % 2 2 16 4 9 0

DDT 1.0 % - - 41 15 24 5

DDT 2.0 % _ - 53 17 67 4

DDT 4.0 % _ _ - 29 - 23

Dieldrin 0.1 % 66 - 89 - - -

Malathion 0.1 % - - 70 47 80 89

Malathion 0.25 % - - 39 57 85 -

Malathion 0.5 % - - - - 78 -

a - = test not done.

what extent the proportion of mosquitos leaving
the first box is correlated with the percentage of total
possible activity. The difference between these two
figures represents the extent to which the locomotor
stimulus derived from contact with an insecticide
continues after contact ceases. The series of correla-
tion coefficients shown in Table 11 shows lower

TABLE 11
CORRELATION BETWEEN PERCENTAGE OF MOSQUITOS
LEAVING BOX I AND PERCENTAGE OF TOTAL POSSIBLE

ACTIVITY a

Activity After After AfterActivity 1 hour 4 hours 20 hours

Low activity L: 1-5 L: 1-5 L: 5-30

M: 1-10 M: 1-10 M: 11-55

r: 0.958 r: 0.828 r: 0.937

Moderate activity L: 6-20 L: 5-20 L: 31-45

M: 11-40 M: 11-40 M: 50-70

r: 0.970 r: 0.968 r: 0.730

High activity L: 30-50 M: 41-85 L: 46-80

M: 50-75 L: 21-65 M: 71-90

r: 0.855 r: 0.977 r: 0.871

a L - range of percentage leaving box. M = range of percen-
tage of possible activity. r= correlation coefficient.

values of r for high activity in the first hour (mainly
due to DDT tests) and for low activity in four
hours (mainly due to control tests). Since the
duration of activity induced by insecticides is of as
much interest as the presence or absence of such
activity, it is considered that both types of informa-
tion are worth recording.
Brown (1964) has analysed the factors affecting

the effectiveness of the test method of Brown (1958)
and its modifications, and has pointed out that
the essential feature of any method designed to
show differences between strains of mosquitos in
their response to insecticides is reduction in variance,
and in particular of the coefficient of variation.
The results of the present method cannot be claimed
to show any superiority in this respect, since vari-
ances are high and levels of statistical significance,
where obtained, are low. But the method has the
advantages of dealing with larger numbers than
Brown's method, which should reduce the effects of
individual variation, and it avoids the necessity of
continuous observation, while producing results
over a longer period. If the movements of the
insects were recorded photo-electrically, continuous
recording of activity against time might not only
illuminate the nature of differences in the responses
of different strains, but also give information valuable
in the assessment of the performances of different
insecticides in mosquito control.
The method of commencing exposure might also

be improved by taking into account some of the
principles shown by Coluzzi (op. cit.) to be important
in the use of the WHO standard apparatus. Testing
of mosquitos one at a time is inapplicable, but
mutual interference in the larger chambers of the
present apparatus is probably less than in the WHO
apparatus. Coluzzi's 15-minute adaptation period
in pre-exposure tubes lined by paper impregnated
with oil only, followed by transfer to the exposure
chamber without use of an aspirator, could be
incorporated in the present method quite simply.
The mosquitos could spend this period in a cylinder
placed over an enlarged entry-port in the lid of
box 1. Premature entry could be prevented by a
movable plastic slide at the lower end of the pre-
exposure cylinder, and the mosquitos could be
moved down into the box by a piston-like action of
the upper closure of the cylinder. Observations of
mosquitos introduced directly into box 1, however,
suggest that in a space of this size the increased
movement induced by the change in environment does
not last for more than two or three minutes, and
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that the mosquitos come to rest well within the
five-minute period allowed before the opening of
the baffle between boxes 1 and 2.
The effects of light on activity may also be

important. It is common experience that mosquitos
sublethally exposed to deposits of insecticide,
especially DDT, in experimental huts fly to the
windows. This suggests, though it does not entirely
prove, that a positive phototropism is added to the
kinetic stimulatory action of the chemical. Brown's
(1958) method exposes the mosquitos in a diffused
incident light; Coluzzi's method employs trans-
mitted light reaching the insects through the treated
surface; the present method attempts to avoid
directional stimulus by allowing a minimum of
light to reach the insects, and that only during the
recording periods. Brown & Evans (1960), however,
stimulated movement in less active batches of flies
by placing a light at the end of box 4, and the present
apparatus could be similarly modified to study the
interaction of light and chemicals.
The model OPS excito-repellency test box

represents a different approach to the problem.
Since movement of the mosquitos between the box-
regarded as a miniature house-and the window-trap
is possible in both directions, the full range of
behaviour is the object of study and not, as in the
present apparatus, the element of kinetic output
only. Also, when the present apparatus was designed,
it was thought that the output of sufficient random
activity to carry an excited mosquito through the
partitions to box 2 or beyond might correspond to
that which in the field would take it from a treated
house to an outdoor resting place, so that the
possibility of a return to contact with the insecticide
would produce an unrealistic situation. However,
the periodical removal of the contents of the window-
trap of the OPS apparatus ensures that most of the
mosquitos leaving the treated box do not in fact
return. The OPS apparatus does not offer the
possibility of studying the duration of excitation, or
the delayed effects of contact with insecticide, but is
entirely adequate for displaying the distinctions
between samples of different populations in their
immediate reaction to DDT. Extension of the
60-minute observation period would allow the

1 Rachou, R. G. et al. (1963) Experiences with the excito-
repellency test box-Model OPS (unpublished document
WHO/Mal/397; WHO/Vector Control/46).

study of slower-acting insecticides, and it would also
be possible to line the comparatively large box with
actual building materials, sprayed with insecticide
deposits of different formulations and ages. The
published results of Rachou et al. with A. albimanus
were all obtained with field-collected material com-
prising different proportions of susceptible material;
percentages of mosquitos escaping did not show the
correlation between susceptibility and activity that
might be expected from the results with this species
and others with the present method. Some variation
may be due to the use of material in different stages
of the gonotrophic cycle, but it seems likely that the
situation is more complex than would be suspected
from the study of laboratory colonies only, and that
both basic activity and response to insecticides vary
between strains, independently of susceptibility.

CONCLUSIONS

The results suggest the following conclusions:
(1) The locomotor stimulation (or inhibition of

resting) caused by exposure to DDT has features in
common with the action of the repellents DMP and
deet.

(2) Dieldrin, fenthion and malathion do not
stimulate locomotor activity until after prolonged
exposure, and the latter under certain conditions
may inhibit activity.

(3) There are differences both in the basic level of
activity shown by susceptible and resistant strains
of A. gambiae and A. albimanus, and in their res-
ponse to DDT. The fact that the dieldrin-resistant
strain of A. gambiae is less stimulated by DDT than
is the susceptible strain may account for the reversion
to susceptibility to dieldrin observed by Rama-
krishna (personal communication) after the sub-
stitution ofDDT for dieldrin in the Malaria Eradica-
tion Project, Western Sokoto, Northern Nigeria.

(4) Susceptible and DDT-resistant strains of
A. stephensi, although not showing differences in
basic activity, show differences in their response to
DDT, dieldrin and malathion, the resistant strain
being the less active.

(5) A graded response to increasing concentra-
tions of DDT is shown by A. gambiae and A. ste-
phensi, and to some extent by A. albimanus.
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RtSUMt

L'auteur a mis au point un dispositif destine a mesurer,
chez les moustiques, l'activite cinetique spontan6e ou pro-
voquee par 1'exposition aux insecticides ou a d'autres
produits chimiques. 11 comporte quatre compartiments
successifs s6pares par des cloisons; des chicanes ne per-
mettent le passage d'un compartiment au suivant que dans
une seule direction. L'activite cin6tique, pour une periode
donn6e, est evaluee suivant le nombre de passages de
moustiques de la premiere section dans les trois autres, et
s'exprime en pourcentage du nombre total th6orique de
passages possibles de tous les insectes du ler au 4e com-
partiment. Le dispositif permet d'observer des lots de
30 individus pendant une periode pouvant atteindre
20 heures. L'exposition aux produits testes peut etre
effectu6e soit avant l'introduction des moustiques dans le
ler compartiment, soit dans ce dernier dont les parois
sont tapiss&es de papier filtre.
On a observe l'effet de differents composes chimiques

sur des souches de moustiques sensibles ou resistantes a
la dieldrine, au DDT ou a ces deux insecticides. L'activite
cinetique provoquee par le dimethyl phtalate (DMP) et
par le diethyl toluamide, qui agissent comme insecticides
faibles, presente des analogies avec celle causee par le
DDT et se manifeste immediatement. La dieldrine, le
fenthion et le malathion ne determinent une activite cine-
tique qu'apres une exposition prolongee, et le dernier de

ces produits, sous certaines conditions, a un effet inhibi-
teur. Les souches d'Anopheles gambiae et d'A. albimanus
ont une activite cin6tique de base et de reponse au DDT
diff6rentes selon qu'il s'agit de souches r6sistantes ou sen-
sibles a la dieldrine. Les souches d'A. stephensi sensibles
ou resistantes au DDT ont une activite de base identique,
mais la souche r6sistante est moins active apres exposition
au DDT, au malathion et a la dieldrine. Des concentra-
tions croissantes de DDT entrainent une reponse propor-
tionnelle chez A. gambiae, A. stephensi et dans une cer-
taine mesure chez A. albimanus. Dans les conditions de
contact facultatif realisees par le dispositif, la toxicit6
relative du DDT, comparee a celles de la dieldrine et du
malathion, s'est revelee beaucoup plus faible que lorsque
l'exposition a ces produits a lieu par les procedes habi-
tuels de contact force.
La methode decrite, comme celles qui visent a etudier

le comportement des moustiques, est soumise a d'impor-
tantes variations. Elle a l'avantage de permettre l'obser-
vation d'un plus grand nombre d'individus pendant des
periodes plus longues et n'impose pas la presence perma-
nente de l'experimentateur. A l'oppose des 6preuves
classiques d'evaluation de la sensibilite aux insecticides,
elle rend possible l'etude de la mortalite provoquee par
contact intermittent.
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