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Present status of resistance
and susceptibility of four species
of West lVlalaysian Culicine
mosquito larvae to insecticides

INTRODUCTION
lN ADDITION TO being the mostcommon nuisance
mosquitoes throughout West Malaysia, Culex pipiens
fatagans, Aedes aeglypti, Aedes albopictus and Armi.
geres irbalbafus are natural or experimental vectors
of various filarial and viral infections of man and
animals.

C.p. fatigons is the most @mmon urban mosquito
and the most important natural vector of the "urban"
strain of Wuchereria bancrofti in lndia, Ceylon,
Burma and other Southeast Asian countries, including
Malaysia.

Aedes aegypti, commonly called the yellow fever
mosquito, is widely distributed throughout the
tropics and subtropics. lt is also the primary vector of
endemic dengue and of dengue haemorrhagic fever in
lndia, Thailand, Burma, Malaysia, Singapore and
other countries of Southeast Asia (Rudnick, 1967).
Aedes aegypti is predominantly an urban mosquito
and is very closely associated with man.

As a resJlt of the medical importance of these two
species and their high praralence rate in various
regions of the rrtorld, very extensive work has been
done on the susceptibility of the larvae and adults of
these species. Many strains of both species have
dareloped resistance to various types of insecticides.
The number of strains wtrich have developed resis-
tance and the insecticides to wfiich they have
dweloped resistance are disctrssed by Brown (1967a).
He has also radewed the mode of inheritance of
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resistance in these species to various compounds
(Brown, 1967b). However, published data on the
zusceptibility or resistance of the Malaysian strains of
these rmsquitoes to various insecticides are scanty
and not up to date. Therefore, the study of these
species uas rnade to estirnate the susceptibility or the
darelopment of resistance of the larvae of these
species to the more oommon insecticides.

Aedes albopistus is also a very common mosguito
which coexists with Aedes aegypti in urban areas and
it breeds in the immediate vicinity of houses. These
are pr$ent in urban areas as well as in less populated
rural areas of Malaysia. ln some rural areas near
rubber plantations, this species predominates over all
other mosquitoes. lt has been shown to be a natural
vector of dengue (Rudnick, 1966a, 1966b) in Malay-
sia and Singnpore. !n spite of its importance as a
vector of dengue fwer and as a pest, very little rirork
has been done on the srsceptibility lwels of this
spries to insecticides.

Armigercs subalbatus is essentially an oriental
mosquito with a wide distribution throughout West
Malaysia and in neighbouring countries from lndia to
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Japan. ln West Malaysia, this species occurs in the
urban and the rural areas as well as in forest areas and
bites man and aninnls freely. lt has been found to be

very efficient experimental vector of Brugia pahangi
which is predominantly an animal filaria resembling
B. rnalayi. Although B. pahangi has not been found
infecting man in nature, it has been experimentally
transmitted to human volunteers (Edeson, et al,
1960). ln spite of these facts, there is no information
on the zusceptibility of adults or larvae of this species
to any insecticide.

MATERTALS AND METHODS
lnsecticides

Eight insecticides - DDT, methoxychlor, dieldrin,
BHC, malathion, fenthion, fenitrothion and diazinon

- were tested against the larvae. All except methoxy-
chlor were obtained as standard solutions from the
Vector Biology and Control Unit of the World Health
Organisation, Genara. When any intermediate
strengths of insecticides \,\ere needed, these were
prepared from highr does by diluting them with the
desired quantity of ethenol. Methoxychlor was
obtained from Dr. C.N. Smith, Director, lnsect
Attractants, Behaviour and Basic Biology Research
Laboratory, Florida, as a 95'1% technical grade
product. Desired rrtcight of the insecticide was dis'
solved in ethenol to make a ten p.p.m. stock solution.
The weaker dilutions were prepared from the stock
solution.

ll/bsquito larvae
Larvae of Culex pipiens fatigns were obtained

from eggs which were collected from breeding sites in
Kuala Lumpur. These eggs were brought to the
laboratory and were reared under standardised labora'
tory conditions and tests were done on fourth-instar
larvae.

Large numbers of larvae of Aedes aegvpti and Ae.
albopictus rirrere collected from a comron breeding
site in Kuala Lumpur. The larvae were brought to the
laboratory and reared under standard conditions.
When these pupated, the pupae vrrere kept individual-
ly in tubes. As adults emerged, these trrere identified
and separated into tvro species and with these adults,
two parent colonies vuere establashed. Larvae from
these colonies were used for s.rscefiibility tests.

tt has been difficult to collect from nature large
numbers of larvae of the same age, size and physiolo
gical conditions as are required for the tests. ln
addition, most of the collections contained larvae of
Aedes agypti and Aedes albopictus in varying pro-

portions. As such it was laborious, time+onsuming
and impractical to separate larvaecollected from the
field into two species for tests. Armigeres suhlhtus
larvae were obtained from a laboratory colony which
uaas collected from Kuala Lumpur and kept in the
insectory of this department for more than a year.

The tests were conducted at room temperatures
betureen 24'C and 28oC. ln all tests, only fourth'
instar larvae were used. The larval susceptibility lwels
were determined by the standard method
(WHO Expert Committee on lnsecticides, 1963). The
LC 5e and LC eelevels were obtained from log dosage
/probit regression lines as fitted by eye.

RESULTS AND DISCUSSIONS
The results are srmmarised in the following table.

Figures 1 to I show the log dosagp/probit regression
lines for the four species of rmsquitoes to various
insecticides.

Culex pipiens fatigans
The tolerance of the larvae of this specie has been

found to be highest to DDT with an LC 5evalue of
0.52 p.p.m. This was slightly higher than the prwious
record (Thomas, 1962). The larvae have developed
13-fold resistance to BHC during the past fevtt years
and the LC 56 level was 0.35 p.p.m. oompared with
the previous published value of 0.026 p.p.m. (Reid,
1955). Among the hydrocarbons tested, the larvae
were rnost susceptible to methoxychlor with LC 5s le-
vel of 0.092 p.p.m. The LC5elwel to dieldrin uas
0.24 p.p.m. The larvae were oomparatively more
susceptible to organophosphorous compounds than
to hydrocarbons. Of the four O.P. compounds tested
against this species, fenitrothion raas the lrnst toxic
compound with LC 5eof 0.023 p.p.m. followed by
diazinon (LC so0.04 p.p.m.) and malathion (0.08
p.p.m.). The larvae have already developed resistance
to fenthion (Thomas, 1970). The log dosage/probit
regression lines are given in Figures 1 and 2. The
regression line for DDT was flat, but others were
comparatively steeP.

Aedes aegVfii
Of the six insecticides tested, the larvae were most

susceptible to DDT (LC 500.072 p.p.m.) and then to
methoxychlor and fenthion, both with LC sovalues
0.11 p.p.m. The LC 5e level for dieldrin was 0.16
p.p.m. The log dosage/probit regression lines for DDT
and dieldrin were flat. The larvae of this species were
resistant to BHC and malathion and showed LC5o
value of O.OO p.p.m. and 0.64 p.p.m. respectively.

The log dosage/probit regression lines are shown in
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CONCENTRATION OF INSECTICIDE (PPM.)

D6agoffrtality regression lines to DDT,
nrthoxydrlor, dieldrin and BHC for 4th instar
hruae of C.P. Fatigons from Kuala LunPur.
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CONCENTRATION OF INSECTICIDE (PPM.)

Doca$-mortality regro.sion linec to mals$ion,
fenitrot{rion, fenthbn and diazinon for 4th
irEtar larrae ol C.P. Fatigens from Kuda Lum'
Pur.
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Fig, 3:

cor{cENrRATroN oF rNsEclrcrDE (PPM.)

Docap-nrertality regrossbn lim3 to DDT,
lrthorychlor, dieldrin and BHG to 4th instar
tarnr of Aa Aqypti trcm Kuala Lunrpur.

Figs. 3 and 4. The susceptibility let el to fenthion was
0.11 p.p.m. A comparison with the prwious pu-

blished data (Wharon, 1955) shorircd that the larvae

have dareloped a 9-fold increase in tolerarre to DDT,
1l-fold increase in LCso lanel to dieldrin and lO-fold
increase in LC soto BHG. Since there were no
published data on the susceptibility lwels of W.

Malaysian Ae. aegypti larvae to fenthion, malathion
or fenitrothion, it is not possible to say how much
tolerance the larvae have daneloped during the past

decade or so.

CONCENTRATION OF INSECTICIDE (PPM.)

Docage-mrtatity regrecsion lanes to nnlathion
and fenthion to 4th instar lawE6ol Ae. Aegypti
from Kuala LumPur.
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CONCENTRATIOX OF INSECTICIDE (PPM)

Dosag3fiortalaty regression lines to DDT,
rEthorychlor, dieldrin and BHC to 4th instar
|crwae ol Ae. Albopictus from Kuala Lumpur,

Aedes albopictus
Four hydrocarbons were tested against larvae and

these were tolerant to DDT, BHC and Methoxychlor
with LC 50values of 0.18 p.p.m. 0.17 p.p.m. and 0.13
p.p.m. respectively. The larvae were, however, suscep-
tible to dieldrin (LCso0.04 p.p.m.). The tolerance
lerrels of DDT, BHC, and dieldrin have increased by
2.7, 1.7 and 2.1 times respectively in clmparison
with previous results (Wharton, 1955). The LC so
levels for malathion and fenthion were 0.095 p.p.m.

and 0.13 p.p.m. respectively and the larvae were
tolerant to these compounds. The log dosage/probit
regression lines are shown in Figs. 5 and 6.

Armigeres subalbatus
Four hydrocarbon insecticides were tested against

the larvae of Ar. subalbatus. The larvae were rpst
srsceptible to DDT (LCso0.029 p.p.m.) and then to
dieldrin (0.039 p.p.m.) but they vrere tolerant to
methoxychlor (0.116 p.p.m.) and to BHC (0.20
p.p.m.). Among the three organophosphorous com-
podnds tested, fenitrothion was the rnost toxic
insecticide, with LC5e value of 0.06 p.p.m. followed
by malathion (0.16 p.p.m.) and fenthion (0.19
p.p.m.). The larvae were tolerant to all oompounds
except to DDT and dieldrin and it was rather
surprising that these compounds were still potent to
the larvae although these have been the most widely
used insecticides in West Malaysia. The log dosage/
probit regression lines are shown in Figs. 7 and 8.
Since there are no published data on the susceptibi-
lity of the larvae of this species to any insecticide,
either from Malaysia or other parts of the world, it is

difficult to say whether the larvae are tolerant in

0l
0'15

CONCENTRATION OF INSECTICIDE (PPM,)

Fis. 6. DosagE-mortality regression lanes to malathion
and fenthion to 4th instar larvae of Ae. Albo-
pictus ltom Kuala Lurpur.

nature before the wide-scale use of the insecticides.
The high tolerance levels in larvae, most probably,
have developed during the past few years.

Comparative Toxicity of various oompounds to these

msquitoes.
It has been found difficult to establish that any

one insecticide was rnost toxic to all four species of
mosquitoes. lndividual compounds gave varying re-
sults to different species of rnosquitoes. However,
BHC has been fotrnd to be the least toxic compound
to larvae of all four specaes tested (Table l). Aedes
aerypti has dweloped a lGfold resistance to it. DDT
was the rnost toxic compound against Ar. subalbatus
and Ae. aegypti althou'gh less potent to other two
species. Methoxychlor was toxic to C.p. fatigans
although less toxic to the other three species.

Of the four organophosphorous compounds, feni-
trothion was tested only against C.p. fatigons and Ar.
subalbatus. lt was found to be the most toxic
compound against C.p. fatigans and the second most
toxic compound against Ar. subalbatus. Diazinon was
tested only against C.p. fatigans and it is not possible
to compare its potency with other species. Malathion
was toxic to C.p. fatigans and Ae. albopictus, but was
not very potent to Ar. subalbatus larvae. Aedes
aegypti has dweloped resistance to it. The toxicity of

005002 0? 05
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Fig.7. Dosagp-rnortality regression lines to DDT,
methoxychlor, dieldrin and BHC to 4th instar
larvae ol Ar. sublbarus.

fenthion was more or less uniform to all species
tested.

SUMMARY
The larvae of four species of rnosquitoes were

tested against six to eight different insecticides.
The larvae of Culex pipiens fafigans from Kuala

Lumpur have developed a 13-fold resistance to BHC.
A four-fold increase in tolerance has already been
noticed to malathion and diazinon. The Aedes
aegfpti larvae have developed a 9-fold increase in
tolerance to DDT, an 11-fold increase in tolerance to
dieldrin and a lO-fold increase in resistance to BHC
over the past 15 years. The larvae vrrere resistant to
malathion.

ln spite of the increased tolerance, DDT was found
to be the rnost potent insecticide to Ae. aerypti
larvae tested. Aedes albopistus larvae were tolerant to
all compounds exc€pt to dieldrin. There was a 1.7 -
2.7 fold increase in tolerance to the three hydro-
carbons, DDT, dieldrin and BHC, during the past 15
years. The larvae of Ar. subalbatus were tolerant to
all insecticides tested except to DDT and dieldrin.
The potency of each insecticide to larvae of various
species of nnsquitoes has been evaluated.

This is the first time that the susceptibility levels
of the larvae of Ar. subalbatus to insecticides have
been published. Similarly, there are no other pu-

blished data on the susceptibility levels of Ae.
albopictus to methoxychlor, malathion and fenthion.
The zuseptibility levels of Kuala Lumpur strains of
C.p. fatigans against methoxychlor and fenitrothium
and those of Ae. aeEypti against methoxychlor,
malathion and fenthion are also published for the

002 01 02 03 05

OOO5 0 15

CONCENTRATION OF INSECTICIDE (PPM)

Fig. 8. Dosag€-mortality regression lines to malathion,
fenitrothion and fenthion to 4th instar larvae of
Ar. Subalbatus

first time
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