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Influence of Temperature during the
Treatment Period on the Susceptibility to Dieldrin of

Adult Aides aegypti
W. R. BRANSBY-WILLIAMS 1

Seasonal variations in the susceptibility of adult mosquitos to some chlorinated-hydro-
carbon insecticides appeared, in some countries, to be due to the differences in temperature
at the time the tests were carried out. This also seemed to apply to Aedes aegypti adults
tested with dieldrin at Arusha, Tanganyika. Tests were therefore carried out throughout
the various seasons and the results showed that when there was a decrease in the tempera-
ture at the time of treatment, the susceptibility of the adults was considerably decreased;
consequently, A. aegypti adults are unlikely to be a satisfactory standard insect for tests
with dieldrin. The possibility ofa connexion between the activity of the mosquito at differ-
ent temperatures and the susceptibility must be considered.

INTRODUCTION

It has been observed that differences in the suscepti-
bility of adult Aedes aegypti to dieldrin at Arusha,
Tanganyika, during different seasons appeared to
be largely due to the different temperatures during
the period of exposure (Bransby-Williams, 1959).
Duport et al. (1958), in Romania, using mixed
Anopheles of the maculipennis group, described
seasonal variations in susceptibility to DDT and
BHC that appeared to be largely due to the different
temperatures at the two seasons. De Zulueta et al.
(1957), in Iran, also using Anopheles maculipennis,
described seasonal variations in susceptibility to
DDT that might, in part, have been due to differ-
ences in temperature, although the authors tend to
discount this; they consider the variation in the
results too great to be due to the small differences in
temperature during exposure and think it was
probably caused by the physiological changes taking
place in the mosquitos at the beginning of hiberna-
tion. Hadaway & Barlow (1957), in their study on
the influence of temperature and humidity upon the
action of insecticides, kept the exposure period as
short as possible so that conditions during this
period should not influence subsequent events, as
they were examining the effect of changes of condi-
tions during the post-treatment period. They did
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find that there was a slight increase in the kills of
A. aegypti obtained with dieldrin when the post-
treatment temperature was increased.

In view of these findings it was decided to extend
the study of the influence of temperature during the
exposure period on the susceptibility of A. aegypti,
and this paper describes experiments, carried out
over a year, in which the mosquitos were exposed to
dieldrin at various temperatures in the different
seasons, either in diffuse light in a partially curtained
room or in total darkness in a refrigerator.
The effect of variation of the post-treatment

temperature was also examined.

MATERIALS AND METHODS

The A. aegypti in the colony at Arusha have been
maintained for some seven to eight years. They are
reared by a standard method, at a room temperature
of 26(± l)0C, in 8-inch (20-cm) diameter enamel
bowls, using local stream water, and the larvae are
fed on coarsely ground dog biscuit. The adults are
kept in a constant temperature room, also at
26(± W)°C. When eggs are required the adult
females are fed on rabbit. At all times a 10% sugar
solution is available in the cages.
The mosquitos tested were always females, 0-3

days old, offered sugar solution only.
The dieldrin preparations used were (a) recrys-

tallized HEOD from Shell Chemicals and (b) a pre-
paration which had been recrystallized at Arusha

989 -541-



W. R. BRANSBY-WILLIAMS

TABLE I
EFFECT OF TEMPERATURE DURING THE TREATMENT PERIOD ON THE SUSCEPTIBILITY TO DIELDRIN OF A. AEGYPTI

FEMALES 0-3 DAYS OLD

In diffuse light at room temperature In darkness in the refrigerator

Exposure Control LCso Fiducial Exposure Control LC50 Fiducial
temperature mortality a L limits temperature mortality a L limits

(OC) (%) (P = 5 %) (OC) (%) (P = 5 %)

17-17.5 0(31) 0.84 0.39 16.5-17.5 0(35) 0.43 0.439
0.88 0.37

18-19 1(219) 0.84 0.81 18-19 3(116) 0.35 0.37
0.96 0.30

19.5-20.5 0(54) 0.65 0.96 17.5-19.5 2(65) 0.28 0.25
0.47 0.45

20-21 1(150) 0.44 0.42 18.5-20 0(28) 0.38 0.32
0.47 0.31

21-22 0(214) 0.42 0.47 19-20 0(55) 0.29 0.31
0.29 0.27

22-23 0(221) 0.25 0.29 19-20.5 1(138) 0.26 0.27
0.27 .2

22.5-23.5 1(224) 0.26 0.24
0.28

23-24 1(306) 0.27 0.28
0.26

24 0(204) 0.23 0.26
0.217

24-25 2(182) 0.15 0.17

25 2(62) 0.15 0.20
0.11

24.5-25.5 2(311) 0.14 0.16
0.11

26 4(113) 0.077 0.01

a The figures in parentheses indicate the numbers of mosquitos in the control groups.

and which had a melting-point of 175-177°C. Both
preparations were dissolved in Risella oil 917.
The mosquitos were exposed by the Busvine &

Nash method (Busvine & Nash, 1953; WHO Expert
Committee on Malaria, 1954), approximately 30
mosquitos being used for each replicate. Except
for opening and shutting the window there was no
control over the temperature in the room where the
exposures were carried out, so that some tempera-
tures occurred more frequently than others and the
number of replicates at different temperatures varied
from 1 to 10, with an average of 5. Exposure was
for one hour at the various temperatures, which
ranged from 16.5°C to 26°C, and was carried out
either in diffuse light in the corner of a room with
the curtains partly drawn, or in the dark in a re-
frigerator with the door closed. For the latter ex-

posures the tubes were left to cool in the refrigerator
for more than half an hour before use.
The 24-hour post-treatment holding period was

in the dark, in a cabinet where the humidity was
kept at 75-95%. At first the temperature in this
cabinet was uncontrolled and varied between a
maximum of 25°C and a minimum of 15°C, but
later it was controlled at 25(± 1)'C. The comparison
between two post-treatment holding temperatures
was carried out during the period when the tempera-
ture in the cabinet was not controlled. In this
comparison, 60 mosquitos were exposed to each
concentration of insecticide; 30 were then put into
a netting cage in the cabinet and the other 30 were
placed in a similar cage in a room where the tempera-
ture was constant at 26°C and the relative humidity
was between 70% and 90%.
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EFFECT OF TEMPERATURE DURING THE TREATMENT PERIOD ON THE SUSCEPTIBILITY OF A. AEGYPTI TO DIELDRIN
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The exposure at room temperature was In diffuse light, whereas that in the refrigerator was in total darkness.

Mortality counts were made at the end of the
24-hour period. Mosquitos unable to rise off the
floor of the cage were counted as dead. The LC,0
values for the different temperatures were calculated,
together with the fiducial limits, by a combination
of the methods described by Finney (1952) and
Swaroop & Uemura.1
Hadaway & Barlow (op. cit.) found that differ-

ences of relative humidity in the range 20-95% after
treatment had no significant effect on the mortality
of A. aegypti with dieldrin. The relative humidity
during the exposure period in the tests described
here ranged from 50% to 90% (from 60% to 95%
in the refrigerator), mainly lying between 60% and
80%; such a range of variation did not appear to

1 Unpublished working document WHO/Mal/178, 1956.

influence the mortalities and, the study being on the
influence of temperature during exposure, the records
of humidity have therefore been omitted from the
tables.

RESULTS

The LC60 values for exposures in diffuse light at
room temperature and in darkness in the refrigerator
are given in Table 1 and are illustrated graphically
in the accompanying figure. For the exposures at
room temperature the LC50 values vary from 0.84
(±0.11)% at 17-17.5°C to 0.077(±0.012)% at
26°C. For exposures in the refrigerator there is also
an increase in susceptibility with an increase of
exposure temperature, but the LCBO values are all
considerably lower than those observed at similar
temperatures when the exposures were carried out
in the room.
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TABLE 2

EFFECT OF POST-TREATMENT HOLDING TEMPERATURE
ON THE SUSCEPTIBILITY TO DIELDRIN OF A. AEGYPTI

FEMALES 0-3 DAYS OLD

Holding temperature

Exposure 20-23°C 26°Ctempera-
ture

Control Control
mortality a LCso mortality a LCso(%) (%)

21-22 0(78) 0.38 0(79) 0.39

22-23 0(53) 0.25 0(49) 0.28

22.5-23.5 0(74) 0.24 0(74) 0.27

24 0(44) 0.18 2(58) 0.21

24-24.5 0(31) 0.14 0(31) 0.18

25-25.5 2(90) 0.17 1(77) 0.15

26 7(61) 0.076 2(55) 0.081

a The figures in parentheses indicate the numbers of mos-
quitos in the control groups.

In Table 2 are shown the comparative LC,0 values
for A. aegypti exposed at the same temperatures but
divided into two lots for the post-treatment holding
period, one of which was kept at a higher tempera-
ture than the other. Throughout the range the
LCQ0 values for the same exposure temperatures but
different holding temperatures are very close: at no

exposure temperature is the difference between them
significant at the 0.05 level, and for only three
exposure temperatures, 22-23°C, 22.5-23.5°C and
25-25.5°C, is the difference significant at the 0.1 level.

DISCUSSION

Since a decrease of 90C in the exposure tempera-
ture results in a more than tenfold increase in LC50
allowance must be made for the temperature at
which tests are carried out when A. aegypti are
examined for possible resistance to dieldrin, or when
results from different areas are compared.

It is considered possible that the differences in
susceptibility are, to a large extent, due to the
differences in the activity of the mosquitos at the
different temperatures. At the higher temperatures
they were noticeably more active in the tubes. This
also might partly explain the results of the exposures
in the refrigerator; for these exposures the tubes
were cooled for half an hour before being used, but
the A. aegypti were kept at room temperature, which
at that time was considerably higher than the refri-
gerator temperature, until they were put into the
tubes, so they might have remained active for a while
until affected by the cold.
From the results shown in Table 2 it can be seen

that, under the conditions of these experiments,
variations in the temperature of up to 5-6°C during
the post-treatment holding period did not affect the
susceptibility levels.
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RItSUMIt

Les variations saisonnieres de la sensibilite des mous-
tiques adultes A certains hydrocarbures chlores, observ6es
dans les tests effectues dans divers pays au cours des
dernieres annees, ont ete attribuces A des differences de
temperature. Les constatations faites sur des Aedes
aegypti soumis a l'action de la dieldrine, A Arusha,
Tanganyika, permettaient de penser qu'il en etait de
meme pour cette esp&ce.

L'auteur a donc eprouv6 la resistance de formes
adultes de ce moustique, en laboratoire a diverses tempe-
ratures, A la lumiere diffuse d'un local et a l'obscurit6

dans un refrigerateur. 11 a constate que la sensibilit6 A
la dieldrine diminuait avec l'abaissement de la tempe-
rature. Dans un local, a 17°C et a 26°C, la CL,0 passait
de 0,84 A 0,08 respectivement. Les differences sont moins
accusees dans les essais au refrigerateur. Etant donne
qu'une difference de 9'C peut entrainer une variation
de la sensibilite du simple au d6cuple, il y a lieu de tenir
conipte de ce facteur de variation dans l'6valuation des
tests de r6sistance d'A. aegypti A la dieldrine, et dans la
comparaison des resultats vrovenant de r6gions diffe-
rentes.
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