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An apparatus for the study of the behaviour patterns of mosquitos
under the influence of insecticides *

T. GHEORGHIU,1 E. M. UNGUREANU, & C. GARRETT-JONES 2

The apparatus described here has been constructed
to assess simultaneously the behaviour of mosquitos
in the absence of, and under the influence of, insecti-
cides in a multiple-response test. The principle of the
apparatus is to offer mosquitos the opportunity to
enter freely either a treated or an untreated baited
compartment, to bite, and to leave the compartment
before or after feeding.

Construction of the apparatus.

The apparatus is composed of the following parts:
(1) Three cages made of plywood or plastic sheets

(Fig. 1 a, 1 b); one of the cages serves as a release
chamber (C) and communicates with the two other
bait chambers (A and B). One of the baited cham-
bers (B) can be lined partially or completely with
brown paper sprayed with any desired concentration
of an insecticide. The tops of the cages are removable
and can be made of glass or transparent plastic.

(2) Two exit traps (ET) into which the mosquitos
can fly before or after feeding (Fig. 1 b).

(3) One small release cage (SRC) (Fig. 1 b, 2 c) in
which the mosquitos are first introduced and from
which they can fly through a hole in the large release
chamber (C).

(4) Two large slides (S) made of thin board, which
are used to cover the openings between the release
cage and the baited cages (Fig. 1 a).
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(5) Two medium-sized slides (S') made of thin
board, which are used to close the openings between
the baited cages and the exit traps (Fig. 1 b).

Baited chambers. The dimensions of these cages
are 50 x 50 x 50 cm (Fig. 1; A, B). A round hole
20 cm in diameter is cut in one of the walls (Fig. 1)
of each cage to allow the mosquitos to enter the exit
trap. A triangular hole (TH) is cut in the wall
between each baited cage and the release cage C to
allow mosquitos to enter cages A or B (Fig. 1 a). The
dimensions of the triangular hole are 33 cm along
the base and 14 cm in height (Fig. 2 a). A cone
(Fig. 1 b; EC) made of board is fitted over each hole.
The small aperture of the cone (Fig. 1 b) facing the
bait is 6 cm in diameter. A number of small round
holes 2 cm in diameter can be cut in the walls of the
cage around the triangular hole and covered with
mosquito net (Fig. 2 a; SH) in order to increase the
attractiveness of the baited cages A and B.

Release chamber (Fig. 1; C). The dimensions are
40 x 50 x 50 cm. On the walls facing the baited cham-
bers are cut triangular holes corresponding to those
in chambers A and B. A round hole is cut on the
same side as those for the exit traps in chambers
A and B and is covered with Nylon mosquito net.
A cylindrical tube (Fig. 1 b; T) of the same diameter
as that of the hole can be attached. Through this tube
a stream of air can be drawn from inside the apparatus
by means of a suction fan. If necessary, baffles may
be fitted inside the cylindrical tube (Fig. 1 b; BL).
Opposite this opening a hole 15 cm in diameter is cut
and covered with a sleeve through which the mosqui-
tos are introduced into the apparatus (Fig. 2 b; SL).
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Fig. 1. a, The three main cages of the apparatus to show their arrangement, dimensions, and openings. b, Plan of
the assembled apparatus. For an explanation of the lettering, see text.
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30 x 30 x 30 cm. The traps are attached to the external
wall of the cage with the aid of four plastic or wood
corners (Fig. 1 a; PC) with steel pins (Fig. 1 a, N).
The opening between the large release cage and the
baited cages can be closed by slides.

Small release cages. These are made of wire and
covered with Nylon mosquito net; the dimensions
are 13 x 13 x 24 cm (Fig. 2 c). A round hole 2 cm
diameter is cut on the top of the cage; the mosquitos
fly into the cage C through this hole.

Bait cages (Fig. 3). The dimensions given in Fig. 1 b
are suitable for rabbits but smaller cages can be used
for other baits.

This form of the apparatus has been developed
after numerous observations carried out with other
models and provides the most satisfactory results
with or without the use of insecticides.

Methods for using the apparatus

Preliminary tests without insecticide. Batches of
about 100 unfed Anopheles (labranchiae) atroparvus,
3-6 days old, were introduced into a small release

Fig. 2. a, Partition between the release chamber and
the bait chambers b, Sleeve and chamber through
which mosquitos are introduced into the release
chamber. c, Small release cage.

Exit traps (Fig. 1 b; ET A', ET B'). These traps
are made of a frame of wire covered with Nylon
mosquito net; the dimensions of the traps are

Fig. 3. A bait chamber seen from the top through the
removable glass panel. The walls are lined with brown
paper that can be treated with insecticide. 1, entry
cone; 2, exit opening; 3, exit trap; 4, bait cage.
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Table 1. Distribution of mosquitos in the multiple-response apparatus over a 12-hour
observation period: no insecticide used

Mosquitos entering experimental chambers
Experiment mo o

No. mosquitoS (A + A') + (B + B') A + A' B + B'
in cage C-

No % No % No %

102 124 99 79.8 69 69.7 30 30.3

103 100 85 85.0 59 69.4 26 30.6

104 138 130 94.2 49 37.7 81 62.3

105 133 124 93.2 58 46.8 66 53.2

106 140 127 90.7 55 43.3 72 56.7

107 130 125 96.2 62 49.6 63 50.4

108 91 85 93.4 33 38.8 52 61.2

109 81 78 96.3 41 52.6 37 47.4

110 143 136 95.1 69 50.7 67 49.3

111 133 125 94.0 60 48.0 65 52.0

total 1 213 1 114 [ 91.8 [ 555 49.8 559 50.2

cage placed in the large release cage (C). The mos-
quitos were attracted to one of the baited cages
(A, B). The observations were carried out initially
for 24 hours but later it was found that 12 hours of
observation, from the evening to early morning,
which coincides with the natural period of feeding,
gave satisfactory results. A number of experiments
were carried out without artificial light but in some
observations a 40-W electric lamp was placed at
about 1 m in front of each exit trap. A stream of air
was drawn through the apparatus by means of a fan
placed at the end of the extraction tube (Fig. 1 b; T)
in some tests.

Response to DDT. Observations on the effect of
insecticide on mosquitos introduced into the appara-
tus were made by lining cage B with paper sprayed
with DDT (0.5 g/m2). Cage A was lined with un-
sprayed paper. After each experiment, cages A and C
were thoroughly cleaned.

Results

The distribution of mosquitos inside the apparatus
in the absence ofDDT is shown in Table 1. During a
12-hour observation period 79.8-94.0% of the mos-
quitos left the release cage and entered either cages
A+A' or B+B'. In 5 of the 10 observations, the
number of mosquitos attracted by the baits was

practically the same in both the untreated cages; in
3 cases, the number of mosquitos entering cages
A+A' was significantly lower than the number enter-
ing cages B+B', and in 2 cases the proportion of
mosquitos entering B+B' was lower than the pro-
portion entering A+A'. These differences may be
accidental or the result of variations in the attractive.
ness of the baits, or both. Further observations are
being carried out. The average distributions of the
total number of mosquitos released in cage C were
45.7% in A+A' and 46.1 % in B+B'.

Observations on the behaviour of mosquitos under
the influence of DDT were carried out before the
small release cage was used and the mosquitos were
introduced directly in the large release cage. Obser-
vation periods lasting 12 and 24 hours under natural
and artificial lighting were made; both with and
without artificial air movements (see Table 2).
Although the number of experiments was relatively

small and the experimental conditions were variable,
the preliminary results show some features common
to all experiments:

(1) There was a reduced entry of mosquitos into
the DDT-treated cage (B), the average proportion of
mosquitos entering this cage being 37.5% with a
range of 31.2-48.4 %. The average proportion of
mosquitos entering the untreated cage A was 62.5%
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(range, 51.5-68.8 %); hence, a deterrent or masking
effect was evident under the conditions of these
observations but it was rather low and variable.

(2) Important inhibition of feeding was observed
in mosquitos entering the DDT-treated cage (B) in
which the average proportion of blood-fed mosqui-
tos was 22.4% (range, 8.4-37.2 %), whereas the aver-
age proportion of blood-fed mosquitos in untreated
cage A was 64.1 % (range, 47-76.2 %).

(3) The irritant effect of the DDT was estimated
by comparing the proportion of mosquitos flying
from cage A into A' with the proportion flying from
cage B to B'. In one experiment the proportion of
mosquitos leaving the untreated cage (A) was higher
than the proportion of mosquitos leaving the DDT-
treated cage (B). However, this was almost certainly
the result of a very high mortality inside the treated
cage. The level of irritability due to DDT in these
experiments can be considered low; and it should be
mentioned that the irritability due to DDT of the
laboratory strain of mosquito used in the experiments
was found by standard WHO irritability tests to be
low or moderate.

Preliminary results show that this apparatus and
method offer, for the first time, an opportunity to
study simultaneously, under laboratory conditions,
the normal reactions of mosquitos in the absence of
insecticide and the succession of responses of mosqui-
tos to insecticides used at different concentrations.
The responses include the deterrent effect, the inhibi-
tion of feeding, the irritant effect, and the toxic
effect of a given concentration of an insecticide
(immediate and delayed). This effect is measured by
establishing a corrected mortality at the end of the
exposure period, and the 24-hour survival rate of
mosquitos found in the exit traps.

Since 12-hour night observations have proved to
be satisfactory and the use of assisted ventilation and
artificial light do not appear to be essential, the
results obtained in the laboratory indicate that the
method might be equally well be applied to samples
representing vector mosquito populations under field
conditions. Thus it could possibly be used to detect
changes of response resulting from selection pressures
caused by the use of insecticide, and to assess the
operational importance of modified responses of the
vector mosquito, especially where these tend to be
behavioural rather than physiological.

Investigations on the use of this apparatus for the
evaluation of the effects mentioned above are
continuing under laboratory and field conditions.
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