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The Susceptibility of Culex pipiens fatigans
Wiedemann Larvae to Insecticides in Malaya*

VIJAYAMMA THOMAS 1

The levels of susceptibility of C. p. fatigans larvae from four different localities in
Malaya to DDT, dieldrin, malathion, fenthion, diazinon and Sevin have been studied;
their toxicity was: diazinon > fenthion > malathion > dieldrin > DDT> Sevin.

Larvae from different localities showed a wide range ofsusceptibility to the chlorinated
hydrocarbon insecticides, dieldrin (40 x) and DDT (10x), but the organophosphorus
compounds and the carbamate compound, Sevin, gave consistent results from all localities.
One strain from a rural area (Lamir) was the most susceptible to all insecticides and has
been used as a reference strain for related studies on the development ofresistance.

Susceptibility levels of Culex pipiens fatigans
larvae from different localities in Malaya to various
chlorinated hydrocarbon compounds have been
recorded by Reid (1955) and Wharton (1955, 1958a,
1958b). They found that C. fatigans was refractory
to DDT and that it developed high resistance in the
field to dieldrin coupled with cross-resistance to
y-BHC. Similar observations were also reported
on C. fatigans larvae in Singapore (Collins, 1956).
During a general study of insecticide-resistance

in C. fatigans, further susceptibility tests with diel-
drin and DDT were carried out. In addition three
organophosphorus compounds and one carbamate
compound were included to obtain base-line data
for resistance studies. Larvae of C. fatigans were
obtained from four different localities in Malaya.

MATERIALS AND METHODS

Mosquito larvae

Larvae were obtained either from eggs collected
in the field or from eggs laid in the laboratory by
fully engorged wild females. These were collected
from the following localities (Fig. 1):

Kuala Lumpur, a modem city with a population
of more than 350 000, situated some 25 miles (40 km)

* The work reported here, carried out at the Institute for
Medical Research, Kuala Lumpur, was done in the course
of studies towards a Ph.D. degree in the Department of
Zoology, University of Malaya.

1 Department of Zoology, University of Malaya, Kuala
Lumpur.

FIG. I
LOCALITIES IN MALAYA FROM WHICH

CULEX PIPIENS FATIGANS LARVAE WERE OBTAINED
FOR INSECTICIDE TESTS
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from the Malacca Straits. Adults were collected
from two localities within the city.

Kiang, a town about 25 miles (40 km) west of
Kuala Lumpur. Egg rafts were obtained from a
large drain containing highly polluted water.
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Serdang, a small village about 14 miles (22 km)
south of Kuala Lumpur. Egg rafts were collected
from trap containers placed in and around vegetable
plots at the College of Agriculture.

Lamir, a small rural settlement in Pahang on the
east coast of Malaya about 170 miles (275 kim) east
of Kuala Lumpur. Engorged females were caught
in houses and sent by air to Kuala Lumpur, where a
colony was established in the laboratory. This is
the site where Wharton (1958a) obtained dieldrin-
susceptible C. fatigans.
The use of insecticides in Kuala Lumpur and

Klang has been very similar. DDT in oil is used as a
larvicide to control Anopheles maculatus but no
regular application of insecticides to control C. fati-
gans is made. However, where a nuisance is reported
and breeding is found in drains, a fast-spreading oil
is applied at weekly intervals. In addition house-
owners use a variety of commercial aerosols, many
containing small quantities of DDT, y-BHC or
dieldrin. In Serdang, the drains are treated weekly
with anti-malarial oil. Various insecticides are used
in vegetable-growing areas to control agricultural
pests but they are not used systematically for the
control of C. fatigans. In Lamir no treatment with
insecticides has been made at any time.

Insecticides used

The following insecticides were tested:
(1) Chlorinated hydrocarbons: DDT and dieldrin.
(2) Organophosphorus compounds: malathion,

diazinon and fenthion.
(3) Carbamate compound: Sevin.
DDT and dieldrin were obtained in crystalline

form while the other insecticides were either in
solution or powder form and their purity varied
from 85% to 95 %. Stock solutions (2.5% w/v)
were made up in acetone of reagent quality and these
were further diluted with acetone to give the desired
concentrations of the insecticides.

Test methods

The test methods used were essentially those
described by the WHO Expert Committee on
Insecticides (1960). Recently fed, four-day-old
larvae, reared under standardized conditions and
mostly in the early fourth instar, were used for these
tests. Larvae were tested in 450-ml, glazed porcelain
bowls containing 250 ml of tap water. Twenty
larvae were used per bowl and they were allowed to
remain in the test solution for 24 hours without food.

Larvae were reared and tested at temperatures
varying from 24°C to 28°C. After the exposure
period, larvae which failed to respond normally
to mechanical disturbance of the test solutions were
classified as " dead ".
For each insecticidal test, four or five concentra-

tions and a control with 1 ml of reagent-quality
acetone were used. The percentage mortality in
the controls was slight. Where there was mortality,
the results were corrected by using Abbott's (1925)
formula.

Analysis of data
The LC50 values were obtained by plotting the

mortality on logarithmic dosage/probit paper,
fitting the regression lines and reading the values
visually. The "goodness of fit" of the probit
regression lines and the upper and lower confidence
limits with 95% probability were calculated by the
simplified methods of Swaroop.1

RESULTS

The accompanying table gives the LC50 values
obtained for the larvae from four localities to the
various insecticides tested. Fig. 2-7 show the log
dosage/probit regression lines with each compound
and Fig. 8 presents the grouped results. The larvae
from various localities were uniformly susceptible
to the three organophosphorus compounds. Diazi-
non was the most toxic insecticide, with an average
LC50 of 0.009 p.p.m.; while fenthion, with an average
LC50 of 0.015 p.p.m., and malathion, with 0.017
p.p.m., came next in the order of toxicity. Dieldrin
and DDT were much less toxic to larvae in at least
three localities. However, Lamir larvae were ex-
tremely susceptible to both DDT and dieldrin, and
dieldrin was more toxic than fenthion and malathion
to these larvae. Sevin was the least toxic insecticide
to larvae from all localities.

Attempts were made to combine these results to
obtain a single LC50 for Malayan C. fatigans larvae
to DDT and to dieldrin but the range (see the table
and Fig. 2, 3 and 8) was so great that single regression
lines could not be drawn for these compounds. The
LC50 can only be quoted as between 0.046 p.p.m.
(Lamir) and 0.47 p.p.m. (Klang) for DDT and be-
tween 0.007 p.p.m. (Lamir) and 0.28 p.p.m. (Kuala
Lumpur) for dieldrin. The DDT LC50 for Lamir
larvae is the lowest figure so far obtained in Malaya

1 Swaroop, S. (1957) Statistical methodology in malaria
work, p. 108 (unpublished document WHO/Mal/174 Rev. 1).
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FIG. 2
DOSAGE MORTALITY REGRESSION LINES TO DDT

FOR FOURTH-INSTAR LARVAE OF C. FATIGANS FROM
FOUR LOCALITIES

0-02 004 0-1 0-25 0-5 10
CONCENTRATION IN P.P.M.

for C. fatigans in which " there evidently pre-exists a
considerable degree of tolerance" (Brown, 1958,
p. 54). The variability was much less for the organo-
phosphorus compounds and Sevin than for DDT
and dieldrin. The LC50 varied from 0.005 p.p.m.
(Lamir) to 0.015 p.p.m. (Klang) for diazinon, from
0.008 p.p.m. (Lamir) to 0.021 p.p.m. (Klang) for
fenthion and 0.014 p.p.m. (Lamir) to 0.024 (Serdang)
for malathion. The range was negligible for Sevin,
from 0.59 p.p.m. (Lamir) to 0.70 p.p.m. (Kuala
Lumpur, Klang).

FIG. 3
DOSAGE MORTALITY REGRESSION LINES TO I ELDRIN
FOR FOURTH-INSTAR LARVAE OF C. FATIGANS FROM

FOUR LOCALITIES
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FIG. 4
DOSAGE MORTALITY REGRESSION LINES

TO MALATHION FOR FOURTH-INSTAR LARVAE
OF C. FATIGANS FROM FOUR LOCALITIES
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Lamir larvae were much more susceptible to all
insecticides (Fig. 8 and the table) than those from
the other localities. Larvae from Serdang were
more susceptible than those from Klang and Kuala
Lumpur to all insecticides except malathion. Kuala
Lumpur and Klang larvae were most tolerant of all

compounds tested, and especially of dieldrin and
DDT.

FIG. 5

DOSAGE MORTALITY REGRESSION LINES TO DIAZINON
FOR FOURTH-INSTAR LARVAE OF C. FATIGANS FROM

FOUR LOCALITIES
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FIG. 6
DOSAGE MORTALITY REGRESSION LINES TO FENTHION
FOR FOURTH-INSTAR LARVAE OF C. FATIGANS FROM

FOUR LOCALITIES
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FIG. 7
DOSAGE MORTALITY REGRESSION LINES TO SEVIN

FOR FOURTH-STAGE LARVAE OF CULEX FATIGANS FROM
KLANG AND LAMIR a
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a The lines for Kuala Lumpur and Serdang lie between those
for Klang and Lamir and therefore could not be shown.

FIG. 8

LCs; VALUES FOR
FOURTH-INSTAR
LARVAE OF
CULEX FATIGANS

.1 FROM FOUR
LOCALITIES
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DISCUSSION

The most interesting feature is the wide range of
variability shown by the larvae from different areas
towards DDT (10 x) and dieldrin (40x). Both
DDT and dieldrin are insecticides which have been
used in Malaya for long periods, and hence the
chance of developing tolerance to these has been
greater. The larvae from Serdang, Klang and
Kuala Lumpur showed high LC50 values for DDT.
Similar high values were obtained previously in
Malaya (Reid, 1955; Wharton, 1955), India (Pal,
1958), Venezuela,' and the USA (Gjullin & Peters,
1952). Larvae from Lamir, however, where no
organized house-spraying or wide-scale larvicidal
applications have been made, were susceptible to
DDT. The LC50 for this population is the lowest
value so far obtained for C. fatigans in Malaya but
similar low LC50 values have been recorded from
Nigeria (Elliott, 1955) Venezuela 1 and the USA
(Gjullin & Peters, 1952).
The range in LC50 was much greater for dieldrin

(40x) but the pattern of susceptibility shown by
larvae from various localities was the same. Lamir
larvae were very susceptible to dieldrin and the
LC50 has remained almost unchanged since 1958
(Wharton, 1958a). This strain has therefore been
used as a reference strain for the comparison of
susceptibility levels of C. fatigans.
The regression lines for DDT and dieldrin were

much flatter than those obtained for the other
insecticides. One of the reasons was that despite
standardization of rearing and testing methods there
was considerable variation in larval mortality in
experiments done on different batches of larvae

1 Blazquez, J. (1957) Susceptibility of adult anophelines to
DDT and of Culex fatigans and Aedes aegypti larvae to DDT
and dieldrin (unpublished working document WHO/Mal/191
and Add. 1).

from these localities. Tests carried out on the same
day were fairly uniform but sometimes differed
widely from those carried out several days later.
Similar results have been reported by Shidrawi
(1957) in experiments on the larvae of Culex molestus
and Aedes aegypti. Collins (personal communica-
tion) and Thevasagayam (1957) also found occa-
sional "inexplicable variations " in the results
obtained for larvae of C. fatigans. These variations
were not, however, very prominent for the larvae
from Lamir. This suggests that the wide differences
in mortality obtained on different days for larvae
from the other localities were due to changes in the
proportion of susceptible and resistant larvae in the
field collection owing to insecticidal selection. This
may be due to selection of poly-factors associated
with vigour tolerance (Hoskins & Gordon, 1957) or,
less probably, to selection of a single factor possibly
determining true physiological resistance.
Although it has been reported that DDT-resistance

in C. fatigans is due to a single factor (Pal & Singh,
1958; Rozeboom & Hobbs, 1960), in a number of
experiments recently performed in Malaya it has
not been possible to obtain true-breeding resistant
individuals after a number of DDT selections
(Thomas, unpublished data). This indicates that
the DDT-resistance in Malayan C. fatigans is com-
plex, involving a number of factors.
There is much less variability for the organo-

phosphorus compounds which have not been widely
used in Malaya. The LC50 varied only from 2 to
3 times and the regression lines were steeper, indi-
cating a more homogeneous population.

Sevin has also not yet been widely used in Malaya
against mosquitos or other insects. The LC50s
obtained from various localities were uniformly
high, showing a natural tolerance of this compound
by larvae of C. fatigans and indicating that Sevin
is not a good larvicide against this species in Malaya.
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Les niveaux de sensibilite des larves de Culex pipiens
fatigans A divers types d'insecticides (DDT, dieldrine,
malathion, fenthion, diazinon, Sevin) ont e't 6tudies dans
quatre localites de Malaisie, selon la technique recom-
mand6e par l'OMS. Dans trois de ces localites (Kuala
Lumpur, Klang, et Serdang) des aerosols commerciaux
avaient ete utilise's anterieurement contre divers insectes;
la quatrieme (agglomeration rurale de Lamir) n'avait
jamais ete traitee.

Les larves des quatre localites 6taient sensibles aux
trois organophosphores susmentionnes, dans l'ordre
decroissant suivant: diazinon, fenthion, malathion. La
dieldrine et le DDT etaient moins toxiques pour les
larves provenant des trois villes. Les larves du village de
Lamir etaient tres sensibles a ces composes, particuliere-

ment a la dieldrine. Le Sevin ne parait guere actif contre
les larves de C. p. fatigans.
La sensibilite des larves a la dieldrine et au DDT

variait entre de larges limites suivant la localite. Pour la
dieldrine, la CL50 etait de 0,007 p.p.m. a Lamir et de
0,28 p.p.m. 'a Kuala Lumpur; pour le DDT, de 0,046
p.p.m. at Lamir et de 0,47 p.p.m. a Klang.

Les larves provenant de Lamir, sensibles a tous les
insecticides, ont et6 utilis6es comme souche de ref6rence
pour des etudes ult6rieures. Les larves de Serdang 6taient
plus sensibles I tous les insecticides- sauf le malathion
que celles de Kuala Lumpur. Les larves de Kuala Lumpur
et de Klang manifestaient une tolerance vis-a-vis de tous
les insecticides, surtout la dieldrine et le DDT.
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