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The Susceptibility of Culex pipiens fatigans
to Residual Insecticides*

With Particular Reference to the Taveta-Pare Area of East Africa

A. SMITH 1 & W. R. BRANSBY-WILLIAMS 2

Observations have been made on Culex pipiens fatigans in the Taveta-Pare area in
East Africa from 1954 to 1961, during which time dieldrin was applied to local houses over
a 3 '/2-year period as part ofan experiment in malaria control. At the end of the periodof
residual spraying the numbers ofC. p. fatigans had been reduced by two-thirds in the Taveta
area, but in the South Pare area, only some 160 km away, this mosquito was twice as
numerous as before spraying. The results ofsusceptibility tests carried out in untreated and
dieldrin-treated areas showed that the susceptibility of C. p. fatigans in East Africa to
chlorinated hydrocarbon insecticides was low compared with that of Anopheles gambiae,
and varied by at least 20 times in some areas relatively short distances apart. C. p. fatigans
from all areas sampled were, however, susceptible to fenthion and malathion.

Resistance to insecticides has appeared in Culex
pipiens fatigans in many schemes for the control of
malaria. This is important because this mosquito
is a cosmopolitan vector of bancroftian filariasis
(Mattingly et al., 1951; Jordan, 1960). It is also a
nuisance mosquito-a factor which, apart from the
actual annoyance of being bitten, is sometimes
important in affecting the attitude of local peoples
towards malaria eradication schemes.
During the Taveta-Pare malaria scheme (East

Africa High Commission, 1960), in which local huts
were treated with dieldrin over a period of three-
and-a-half years, observations were kept on C. p.
fatigans. This was a common mosquito in the
southern part of the area, near the. South Pare
mountains. It has been shown that its numbers
decreased during the first year of residual spraying
but increased thereafter until it was more abundant
than before treatment in the third year. Susceptib-
ility tests then showed that the mosquitos were
resistant to dieldrin (Smith, 1958).

In the northern part of the area, i.e., the Taveta
area of Kenya and Tanganyika, the situation was
quite different from that in South Pare, and is
described in this paper together with previously
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unpublished observations on habits and taxonomy,
and recent work on susceptibility.

SPRAY CATCHES IN HUTS

C. p. fatigans was an uncommon mosquito in the
Taveta area both before and during the period of
residual spraying. It increased greatly two years
after the cessation of residual spraying in an area
extending 4 miles (6 km) along the western edge
of Taveta Forest. The increase is apparent in the
average hut densities, as shown by pyrethrum spray
catches. Table 1 shows the densities for the whole
area and for Msheksheni, near Taveta Sisal Estate.
Densities for South Pare, previously published
elsewhere (Smith, 1958), are included for com-
parison.

DOMESTIC HABITS OF C. P. FATIGANS IN THE

TAVETA-PARE AREA

C. p. fatigans was found to be a highly domestic
mosquito. It was rarely found in box shelters out-
doors (unpublished observations), and catches off
human bait confirmed that it bit chiefly indoors
(Smith, 1961). Further confirmation of its domestic
habits comes from the results of precipitin tests on
specimens collected in South Pare towards the end
of the period of residual spraying.
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TABLE I
AVERAGE DENSITIES OF C. P. FATIGANS IN HUTS

Taveta area South Pare a

Whole Msheksheni Whole
area (near sisal estate) area

Before dieldrin,
1954-55 1.1 0.3 5.6

Spraying period

1st year, 1955-56 0.6 0.4 1.3

2nd year, 1956-57 0.3 0.2 4.2

3rd year, 1957-58 0.3 0.4 9.0

After spraying
period

2nd year, 1960

treated huts 4.9 11.1 -

untreated huts 7.7 20.1 -

3rd year, 1961

treated huts 8.5 32.0 -

untreated huts 9.7 28.1 -

a Reproduced, by permission, from Smith (1958).

TABLE 2

HOST-PREFERENCES OF C. P. FATIGANS FROM HUTS
IN SOUTH PARE AREA

Percentage Per-
Villages Number positive centageexaminedI

________ ___ ~~Man ox negative

Main road villages 204 58 2 40
(few cattle)

wamp villages 196 78 9 13
(many cattle penned
outdoors at night)

Table 2 shows that man is the principal host, and
that cattle, when they are penned outdoors at night,
are not important hosts. Host preference would
appear to be related to indoor feeding habits which
are more intrinsic than facultative (Gillies, 1956).
Most mosquitos not positive for man or ox had
probably fed on domestic fowls, for the latter were
more common in main road villages than swamp
villages.

TAXONOMIC FORMS OF C. P. FATIGANS

The taxonomic character used was the DV/D
ratio. This character is located in the mesosome
of the male terminalia, and, as defined by Sunda-
raraman (1949), is the ratio of the distance between
the tips of the dorsal and ventral arms (DV) to that
between the two dorsal arms (D).

Measurements were made of the DV/D ratios of
wild-caught adults. The results (Table 3) show that
the taxonomic form in the area was typical fatigans
and not a hybrid stock (Mattingly et al., 1951).
The DV/D ratios of the mosquitos from the treated
areas were slightly higher than those from the
untreated ones, and the range of variation between
individual mosquitos was less in the treated than in
the untreated areas, but these differences were not
significant by the x2 test.

SUSCEPTIBILITY TESTS

The results of susceptibility tests, using the WHO
test kit for adult mosquitos, are shown in Table 4.
Dieldrin-, y-BHC- and DDT-treated papers were

supplied by WHO and the fenthion- and malathion-
treated papers prepared in the laboratory of the
Tropical Pesticides Research Unit at Arusha by the
Busvine & Nash (1953) method. The solvent was

TABLE 3
DVWD RATIOS OF C. P. FATIGANS IN THE TAVETA-PARE AREA

Year Place f Insecticide history No. of D Ratiospecimens Mean Range

1955 S. Pare Untreated 8 1.6 0.8-2.

1957 S. Pare Dieldrin-treated 30 1.1 0.5-1.7

1958 S. Pare Dieldrin-treated 22 1.1 0.7-2.0

1958 Machemba Untreated 22 1.3 0.6-2.3

604



INSECTICIDE-SUSCEPTIBILITY OF C. FATIGANS IN TAVETA-PARE AREA

TABLE 4
MEDIAN LETHAL CONCENTRATIONSa OF DIFFERENT RESIDUAL INSECTICIDES

TO ADULT C. P. FATIGANS

Area and year Insecticide history Didrn yHC DT Ftho Matin
of susceptibility of area Dieldrin v-BHC DDT Fenthion Malathion

test

S. Pare, Dieldrin-treated, 1.8 - 3.7 - -

1958b 1955-59 (24 hrs) (1 hr)

Taveta, Dieldrin-treated, 0.4 0.16 1.2 0.08 1.05
1961 1955-58 (24 hrs) (1 hr) (24 hrs) (1 hr) (1 hr)

Tanga, DDT-, v-BHC- and 0.31 0.06 1.4 0.04 0.35
1961 dieldrin-treated estates, (24 hrs) (1 hr) (24 hrs) (1 hr) (1 hr)

1948-61

Machemba, None 0.17 - 1.9 - -
1958a (24 hrs) (1 hr)

Tanga, None 0.08 0.05 0.9 0.04 0.3
1961 (24 hrs) (1 hr) (24 h rs) (2 hrs) (1 hr)

a Exposure times are shown in parentheses.
b Reproduced, by permission, from Smith (1958).

Risella oil for fenthion and olive oil for malathion.
The median lethal concentrations are shown for
villages stretching over 250 miles (400 km) from
Taveta in Kenya to Tanga on the Tanganyika coast.
The Taveta-Pare area was treated with dieldrin
from September 1955 to April 1959. The records
from the treated area at Tanga are from sisal estate
houses that have been treated with various chlorin-
ated hydrocarbon insecticides and diazinon since
1948. The untreated villages are Machemba, near
Korogwe, and two villages south of Tanga.
The results in Table 4 show that towards the end

of the period of residual spraying C. p. fatigans in
South Pare was 10 times as resistant to dieldrin as in
the untreated village of Machemba, and 20 times
as resistant as in the untreated area of Tanga. In
the Taveta area three years after the period of
residual spraying, it was twice as resistant to dieldrin
as in Machemba and five times as resistant as in
the untreated area of Tanga. Mosquitos in South
Pare, exposed for one hour to treated papers, were
twice as resistant to DDT as those in Machemba.
In the Taveta area they survived one hour's exposure
to 4.0% DDT papers, so that it has not been pos-
sible to compare the median lethal concentrations
of DDT for South Pare and Taveta mosquitos for
the same exposure period. At 24 hours' exposure,
however, the median lethal concentration of DDT

for C. p. fatigans in the Taveta area was very similar
to that in the untreated area at Tanga. Mosquitos
from all areas were susceptible to fenthion and
malathion, but showed twofold and threefold
differences respectively in median lethal concentra-
tions for different areas.

DISCUSSION

The densities of C. p. fatigans in huts show that
residual spraying of dieldrin had a widely different
effect on the mosquito population in two areas only
100 miles (160 km) apart. In the Taveta area they
were found in houses at an average density of 1.1
per spray catch before residual spraying, but were
about a third as numerous at the end of the spraying
period. In South Pare they were found in houses at
an average density of 4.6 before residual spraying and
were approximately twice as numerous at the end
of the spraying period. In the Taveta area, three
years after the spraying period, C. p. fatigans had
increased to nearly 10 times its numbers before
residual spraying. Two years after the last cycle
of residual spraying, the mortality (as shown by the
difference in mosquito densities in untreated and
treated catching-stations) was 40% in existing
dieldrin-treated huts, but in the third year the
insecticide was no longer toxic to the mosquitos.
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Factors that may possibly have contributed
towards the increase in C. p. fatigans were: (1)
resistant mosquitos were more fecund than suscep-
tible ones; (2) after C. p. fatigans developed resist-
ance, dieldrin continued to kill predators and com-
petitors that had previously limited its numbers;
and (3) the local people made a change in the
locality which improved conditions for mosquito
survival or breeding. There is no information about
the first two possible factors, but there is evidence
that the third factor played a part in the increase in
C. p. fatigans in Taveta area. This factor was a
change in sisal waste management adopted by the
Taveta sisal estate in the last two years, and in the
use of the waste by the local people, particularly
at Msheksheni, for irrigation of their maize fields.
Searches for aquatic stages of C. p. fatigans showed
that in the immediate vicinity of the decorticating
machine waste liquor was apparently too con-
centrated to support breeding, but pools of waste
were found in maize fields with their surfaces
covered with a thick black scum of fatigans eggs.
Many local people did not associate the mosquito
increase with the sisal estate but attributed it to the
cessation of residual spraying.
There were contrasting reactions to C. p. fatigans

among the inhabitants of the Taveta-Pare area.
In South Pare the increase in mosquitos during the
spraying period was construed as an indication that
deildrin was ineffective for malaria control, whereas
in the Taveta area, the increase in the mosquitos
after the spraying period was taken as an indication
ofhow very effective the insecticide must have been.
One of the most important problems set by C. p.

fatigans in East Africa is that its susceptibility to
chlorinated hydrocarbon insecticides is low com-
pared with that of domestic Anopheles, and varies
by a magnitude of at least 20 times in some areas
relatively short distances apart. For example, the
median lethal concentration to dieldrin, after
24 hours' exposure, was 1.8 in South Pare compared
with 0.08 in untreated villages south of Tanga, and
the median lethal concentration to DDT in South
Pare was 3.7 after one hour's exposure, compared

with 0.9 after 24 hours' exposure in untreated
villages south of Tanga. In A. gambiae, the suscep-
tibility to the same group of insecticides is high and
does not vary by a magnitude of more than about
six times among all the areas surveyed in East Africa
(Armstrong, 1958). For example, the median lethal
concentration to dieldrin, after one hour's exposure,
was 0.097 in South Pare compared with 0.02 in
untreated Mombasa, and the median lethal con-
centration to DDT in South Pare was 0.42 after
one hour's exposure compared with 0.74 in Mom-
basa.

Several factors probably contributed to the varia-
tion in susceptibility of C. p. fatigans in East Africa
to chlorinated hydrocarbon insecticides:

1. Mosquitos with different degrees of resistance
have been selected out in many towns through
municipal public health control measures over the
last 15 years.

2. A proportion of mosquitos in some untreated
villages are the progeny of mosquitos that have
flown or been transported from towns where larvici-
ding, usually with DDT, has been in progress for
several years.

3. There may also be strains offatigans type, and
intermediate forms of pipiens and fatigans, that are
geographically apart and have different natural
susceptibilities.
The chlorinated hydrocarbon insecticides appear

to be unsuitable for large-scale control of C. p.
fatigans in East Africa because resistance quickly
develops to them, and, in view of the wide variation
in susceptibility to these insecticides, studies to
assess the effect of newer insecticides on it should
incorporate a susceptibility survey over a section of
East Africa. Once an insecticide has been found to
which resistance does not readily appear-this would
require a pilot control scheme-the highly domestic
habits of C. p. fatigans do provide hope that treat-
ment of houses alone will eradicate it just as
funestus type *as eradicated from a section of East
Africa by dieldrin (East Africa High Commission,
1960).
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11 est avere que la pulverisation d'un insecticide rema-
nent, la dieldrine, 'a l'interieur des cases indigenes pendant
une periode de trois annees a des effets tres differents sur
Culex pipiens fatigans en deux territoires de l'Est africain
qui ne sont distants que de quelque cent cinquante kilo-
metres. Dans la region de Taveta, la densit6 moyenne de
moustiques etait de 1,1 par capture domiciliaire effectuee
avant l'operation de pulverisation du produit remanent;
en fin de pulverisation, ce chiffre etait reduit des deux
tiers. En revanche, dans la region du Pare meridional,
alors que la densite moyenne des moustiques a l'interieur
des habitations etait de 5,6 avant la mise en aeuvre de
l'insecticide a effet remanent, elle avait approximative-
ment doubl6 a la fin de la periode de pulverisation.

Les contr6les ulterieurs dans la region de Taveta
devaient montrer que trois annees apres les pulverisations
les colonies de C.p. fatigans etaient environ dix fois plus
nombreuses qu'avant la mise en aeuvre des insecticides
remanents. I1 se peut que cette multiplication soit due 'a ce
qu'au cours des deux dernieres annees les eaux usees des
plantations d'agaves ont servi a irriguer leschamps de maTs.

Les epreuves de sero-precipitation ont confirm6 les
observations anterieures montrant que dans la region de
Taveta-Pare C.p. fatigans vit essentiellement 'a l'interieur
des habitations. En effet, meme lorsqu'un nombreux
betail est parque la nuit au voisinage, l'homme demeure
l'h6te principal. La recherche d'un caractere male, le
coefficient DV/D, a permis de constater que dans la region
consideree les moustiques appartenaient au point de vue
taxonomique au type fatigans vrai, et non 'a une souche
hybride.

Au moyen de la trousse d'epreuves de l'OMS, on a
dktermin6 reciproquement dans les territoires traites et
non traites par insecticides les concentrations ltales
medianes de divers produits envers C.p. fatigans adulte:
dieldrine, BHC, DDT, Baytex (fenthion) et malathion.
I1 est apparu que dans l'Est africain C.p. fatigans etait
peu sensible aux hydrocarbures chlores en comparaison
de Anopheles gambiae; ne certaines regions relativement
voisines les unes des autres la sensibilite variait dans la
proportion de 1 a 20, ce qui prouve de toute evidence que
les hydrocarbures chlores ne sauraient etre utilises dans
l'Est africain pour des campagnes anti-moustiques
conduites sur une vaste echelle. En toutes regions cepen-
dant, les insectes captures etaient sensibles au Baytex et au
malathion.

Les facteurs responsables dans l'Est africain de ces
variations de la sensibilite de C.p. fatigans envers les
hydrocarbures chlores pourraient s'expliquer comme suit:
d'une part, au cours des quinze demieres annees les
mesures de sante publique prises par de nombreuses
administrations municipales ont fait apparaitre des
colonies de moustiques plus ou moins resistantes; d'autre
part, en certains villages non traites, un certain pourcen-
tage de moustiques proviennent d'insectes venus par leurs
propres moyens ou transportes a partir de villes ofi les
larvicides, en general le DDT, sont mis en aeuvre depuis
plusieurs annees; enfin, il se peut qu'il existe des souches
typiques de fatigans, et des formes intermediaires de
pipiens et fatigans qui auraient une distribution geogra-
phique propre et des sensibilites differentes.
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