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Seasonal Variations in Susceptibility to Insecticides
of Wild-caught East African Anopheles gambiae

W. R. BRANSBY-WILLIAMS 1 & J. A. ARMSTRONG 2

Monthly tests of the susceptibility to insecticides of wild-caught Anopheles gambiae
were made at two places in Tanganyika to see what seasonal variations might be revealed.
Over a period of three years the susceptibilities were found to vary over a range of two to
three times at different visits. The impression was at first gained that the susceptibilities
to chlorinated hydrocarbon insecticides were in some way connected with the rainfall,
but later work made this seem unlikely. Of all the factors considered which might affect
the susceptibility only the temperature at the time of exposure could be found to have had
an effect and it was concluded that this was largely responsible for the variations.

The World Health Organization Expert Com-
mittee on Insecticides (1958) recommended that
tests on mosquitos for susceptibility to insecticides
should be carried out at different seasons of the year
in areas where control measures were to be started.
It was considered that useful information might be
obtained by following this recommendation and
doing monthly tests with East African adult Ano-
pheles gambiae at one place throughout the year,
even though no insecticidal campaign was antici-
pated. Magugu, in the north of Tanganyika, was
chosen as there is a field laboratory there and
A. gambiae are plentiful during most of the year.
The first series of tests, using chlorinated hydro-
carbon insecticides, was carried out during 1959-60
and it was noticed that, in months when the rainfall
was higher, the susceptibility to the three insecti-
cides used was generally greater (Tropical Pesticides
Research Institute, 1961). As a result of these
observations it was decided to do two further series
of seasonal tests, one at Magugu, using organo-
phosphorus insecticides, to find out if these behaved
in the same way as the chlorinated hydrocarbons and
one with chlorinated hydrocarbon insecticides at
another place. For the second place Taveta, about
130 miles (or about 210 km) north-east of Magugu,
was chosen, as there is another field laboratory
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there and A. gambiae are fairly plentiful during most
of the year. These tests were done in 1961-62. This
paper describes the results of all the tests at both
places.

Smith (to be published) has shown that there can
be considerable variation in the ratio of blood-fed
to gravid A. gambiae caught in houses in the Magugu
area. As a result of this it was suggested that the
variations in susceptibility, during the earlier tests
at Magugu, might be due to the different composi-
tion, with regard to the stages of the gonotrophic
cycle, of the wild-caught population at different
visits. During part of the year at Magugu and all
the time at Taveta it was difficult to catch sufficient
A. gambiae for these monthly susceptibility tests, so
that all of the catch for any one day had to be used.
Also, due to the conditions of testing, it was desirable
to set up mosquitos for exposure as quickly as
possible. Therefore no attempt was made at any
time to sort them out before testing into different
stages of the gonotrophic cycle. However, a labora-
tory comparison has been reported 3 which concerns
this suggestion that population differences were the
cause of varying susceptibilities, and this comparison
is referred to again below.

Factors, other than the rainfall and the com-
position of the mosquito population, which might

3Bransby-Williams, W. R. (1963) The effects of age and
feeding on the susceptibility of adult Anopheles gambiae to
insecticides when using the World Health Organization adult
test kit (unpublished working document WHO/Vector
Control/40).
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LCso VALUES (%) WITH VARIOUS INSECTICIDES FOR WILD-CAUGHT ANOPHELES GAMBIAE,
AND TOTAL MONTHLY RAINFALL FIGURESa

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.

1959

Magugu:
Dieldrin 0.045 0.060 0.075 0.080 - 0.088 - 0.085 0.044 0.078
DDT 0.55 0.62 0.60 0.75 1.10 0.55 - - 0.75 0.75
HCH 0.0055 0.0048 0.0064 0.0060 0.0075 0.0065 - 0.0055 - 0.0078

Rainfall a 8.75 3.52 2.55 0 0 0.05 0.14 1.92 6.77 5.36

1960

Magugu:
Dieldrin 0.12 0.078 0.034 0.12 0.090 0.098
DDT 0.85 0.70 0.30 0.60 0.60 0.46
HCH 0.012 0.0060 0.0040 0.0045 - -

Rainfall a 2.20 1.44 8.11 7.33 0.58 0.19

1961.

Magugu:
Fenthion 0.076 0.059 0.068 0.054 0.043 0.094 - 0.080 - 0.12 0.10
Malathion - 0.60 0.48 0.39 - 0.64 - - - 1.0 0.58

Rainfall a 3.48 2.89 3.77 1.16 0.03 0.20 0 0.05 2.17 12.13 3.99

Taveta:
Dieldrln 0.039 - 0.04 0.05 0.057 0.087 0.064 - - - -

DDT 0.45 - 0.52 0.90 - 0.40 0.35 - - - -

Rainfall a 2.20 0.58 4.30 0.99 0.36 1.31 0 0.83 2.78 9.40 4.83

1962

Magugu:
Fenthion 0.086 0.050 0.052 0.057 0.080 0.075
Malathion 0.66 0.43 0.43 0.42 0.58 0.49

Rainfall a 6.20 2.52 12.06 8.61 1.46 0

Taveta:
Dieldrin 0.044 0.047 0.064 0.036 -_
DDT 0.52 0.43 - - - -

Rainfall a 4.50 | 0.98 3.68 1.00 | - -

a Rainfall is expressed in inches (1 inch = 25.4 mm).

have affected the susceptibilities were considered. MATERIALS AND METHODS
These were: the availability of the mosquitos, the
temperature during the exposure period, the relative The Busvine & Nash (1953) method for measuring
humidity during this period, the post-treatment susceptibility was at first used for dieldrin and DDT,
temperature, and the time of day when the exposure but later the WHO adult test kit (WHO Expert
was carried out. Committee on Insecticides, 1960) was used for these
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FIG. 1

SUSCEPTIBILITY OF A. GAMBIAE TO CHLORINATED HYDROCARBON INSECTICIDES AND
MONTHLY RAINFALL AT MAGUGU
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two insecticides. For HCH (BHC), fenthion and
malathion a common variation of the Busvine &
Nash method was used, with open-ended tubes
covered with gauze, to reduce any effects due to
vapour toxicity. For the preparation of the test
papers in the laboratory, solutions were made with
the following: recrystallized HEOD (dieldrin),
recrystallized DDT of melting-point 108°-108.5°C,
pure gamma-isomer HCH, fenthion of 96.8 % purity
and malathion of 95% purity. Malathion was
dissolved in olive oil, the other insecticides in Risella
oil 917.
Wild female A. gambiae caught in houses were

used, but unfed mosquitos were rejected. Morta-
lities were counted after 24 hours. The LC50 values
for the insecticides were determined graphically
(Finney, 1952).

RESULTS

The accompanying table shows the monthly
LC50 values for the insecticides at both Magugu and
Taveta together with the total monthly rainfall.
With all the insecticides except malathion the
highest LC50 value is about three times the lowest
value and for malathion it is more than twice the
amount.

Fig. 1 gives scatter diagrams of LC50 values for
the three chlorinated hydrocarbon insecticides
correlated with rainfall at Magugu. The correlation
coefficients for these are all negative. Fig. 2 is for
organophosphorus insecticides at Magugu and Fig. 3
for chlorinated hydrocarbon insecticides at Taveta.
In each of these two cases one coefficient is positive
and one negative.

Of the other factors which might have affected
susceptibility and which were considered, only the
temperature at the time of exposure was found to be
related to the susceptibility with some of the insecti-
cides. Scatter diagrams for the insecticides used at
both places and the temperatures at the time of
exposure are shown in Fig. 4-6. The coefficients of
correlation are significant at the 1% level for
dieldrin and fenthion and at the 5% level for HCH,
but not significant, at the 50% level, for DDT and
malathion.

CONCLUSION

The suggestion that the different composition of
the wild-caught population was the cause of greater
susceptibility in the months when rainfall was higher
was based on the premise that at times of higher
rainfall there was a greater proportion of blood-fed
to gravid A. gambiae in the houses (Smith, to be
published). From Hadaway & Barlow's (1956) work
with topical application it was thought that the most
susceptible period of the gonotrophic cycle was soon
after the blood meal. However, the early results at
Magugu, with the chlorinated hydrocarbon insecti-
cides, showed only a very slight indication that in
months of higher rainfall susceptibility to the
insecticides was greater and the results at Taveta
and the later ones at Magugu, when organophos-
phorus insecticides were being used, did not support
this impression. Also the laboratory work men-
tioned in the introductory paragraphs (Bransby-
Williams, op. cit.) showed that for the colony
A. gambiae, tested by the adult test method recom-
mended by the WHO Expert Committee on Insecti-
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FIG. 2. SUSCEPTIBILITY OF A. GAMBIAE TO ORGANOPHOSPHORUS INSECTICIDES AND
MONTHLY RAINFALL AT MAGUGU
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FIG. 3. SUSCEPTIBILITY OF A. GAMBIAE TO
CHLORINATED HYDROCARBON INSECTICIDES AND

MONTHLY RAINFALL AT TAVETA
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cides (1960), the blood-fed mosquitos were the least
susceptible to dieldrin and that there was very little
difference in susceptibility for the different stages
with DDT. Therefore it was considered unlikely
that the composition of the population had anything
to do with the variations in susceptibility.

In these tests at Magugu and Taveta susceptibility
to the insecticides, except for malathion and DDT,
increased with a rise in the temperature at the time
of exposure. As DDT has a temperature coefficient
which is usually negative (Das & Needham, 1961), a
possible explanation of the difference would appear
to be that the increased activity at the higher temper-
ature results in an increased pick-up of the insecti-

FIG. 4. SUSCEPTIBILITY OF A. GAMBIAE TO CHLORINATED HYDROCARBON INSECTICIDES AND TEMPERATURE
AT TIME OF EXPOSURE AT MAGUGU
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FIG. 5
SUSCEPTIBILITY OF A. GAMBIAE TO ORGANOPHOSPHORUS INSECTICIDES AND TEMPERATURE

AT TIME OF EXPOSURE AT MAGUGU
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FIG. 6
SUSCEPTIBILITY OF A. GAMBIAE TO CHLORINATED HYDROCARBON INSECTICIDES AND TEMPERATURE

AT TIME OF EXPOSURE AT TAVETA

cide, but the negative temperature coefficient more
or less equals the effect of the pick-up, so that there
is no over-all change in susceptibility as the tempera-
ture is increased. However, this is probably only a

partial explanation as there are many other processes
to be considered (Busvine, 1957) and malathion,
which shows a similar result here to DDT, usually

has a positive temperature coefficient (Rai et al.,
1956; Young & Roussel, 1958). None of the other
factors considered could be found to have had any
effect, so it is concluded that some of the variations
in susceptibility shown here were due to the different
temperatures during the exposure period. These
results can be compared with those obtained by
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Duport & Sandulesco (1958), where seasonal varia-
tions in the susceptibility to insecticides of Anopheles
of the maculipennis group appeared to be largely due
to the different temperatures at the two seasons, and

by Ungureanu et al. (1960) with A. atroparvus,
where the warm temperature during the exposure
period resulted in greater susceptibility to dieldrin
and HCH, but not necessarily to DDT.
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R.SUMI.

Selon la recommandation du Comite OMS d'experts
des Insecticides, concernant les recherches sur les varia-
tions saisonnieres de la sensibilit6 des insectes aux insec-
ticides, des etudes ont e faites sur Anopheles gambiae
dans deux localites du Tanganyika. On a mesure chaque
mois pendant 2-3 ans (par la m6thode Busvine & Nash)
les variations de r6sistance a la dieldrine, au HCH, au
DDT, au fenthion et au malathion. L'hypothese d'apres
laquelle la sensibilite aux insecticides des populations
d'A. gambiae serait plus 6lev6e pendant les mois pluvieux
en raison de la presence dans les maisons d'une propor-
tion plus forte de femelles gorg6es par rapport aux fe-
melles gravides, n'a e confirm6e ni dans la nature ni en

laboratoire. On estime donc improbable que la compo-
sition de la population joue un role dans les variations
de sensibilite.
En revanche, dans les deux localites oiu ont Wt6 effectu6s

les tests, la sensibilit6 aux insecticides - sauf au mala-
thion et au DDT - augmentait avec la temperature, ce
qui confirme des observations du meme ordre faites
ailleurs sur A. maculipennis et A. atroparvus. Les auteurs
discutent les faits, en regard de donn6es anterieures con-
cernant le coefficient de temp6rature de differents insec-
ticides, et supposent que des facteurs encore indetermines
peuvent egalement entrer en jeu.

REFERENCES

Busvine, J. R. (1957) Techniques for testing insecticides,
London, p. 32

Busvine, J. R. & Nash, R. (1953) Bull. ent. Res., 44, 371
Das, M. & Needham, P. H. (1961) Ann. appl. Biol.,

49, 32
Duport, M. & Sandulesco, M. (1958) Bull. Wld Hlth

Org., 19, 1112
Finney, D. J. (1952) Probit analysis, 2nd ed., Cambridge
Hadaway, A. B. & Barlow, F. (1956) Ann. trop. Med.

Parasit., 50, 438
Rai, L., Afifi, S. E. D., Fryer, H. C. & Roan, C. C.

(1956) J. econ. Ent., 49, 307

Tropical Pesticides Research Institute (1961) Annual
report 1960-1961, Dar-es-Salaam, Government Printer

Ungureanu, E. M., Teoderescu, C., Crismaru, V. &
Burghele, E. (1960) Stud. Cercet. rti. Med., 11, 509

World Health Organization, Expert Committee on
Insecticides (1958) Wld Hlth Org. techn. Rep. Ser.,
153, 56

World Health Organization, Expert Committee on
Insecticides (1960) Wid. Hlth Org. techn. Rep. Ser.,
191, 15

Young, M. R. & Roussel, J. S. (1958)-J. econ. Ent.,
51,93


