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The Development and Trend of Insecticide-Resistance
in Anopheles aconitus Donitz and Anopheles sundaicus

Rodenwaldt
M. SOERONO,1 G. DAVIDSON2 & D. A. MUIR3

The spread ofinsecticide-resistance in the two main vectors ofmalaria in Java, Anopheles
aconitus Ddnitz and A. sundaicus Rodenwaldt, has been of concern to workers in the
Indonesian malaria eradication programme since DDT-resistance was first detected, in
A. sundaicus, in 1954. The history of development of resistance in these two vectors has
been summarized in this paper by assembling the available records in chronological order,
thus facilitating reference.

The picture which emerges is that of somewhat erratic occurrence of DDT-resistance
in A. sundaicus and more stable, expanding areas of DDT-resistant A. aconitus. Dieldrin-
resistance is more widespread than DDT-resistance in both species and preceded the onset
of DDT-resistance in A. aconitus but not in A. sundaicus. These features should not be
regarded as species characteristics, however, since selection pressures on the two species
have been far from uniform.

Malathion appears to be a promising alternative to DDT and dieldrin for the control of
the two vectors in the circumstances described.

DEVELOPMENT OF INSECTICIDE-RESISTANCE IN

ANOPHELES ACONITUS DONITZ

Anopheles aconitus has a wide range in South-East
Asia (Fig. 1), stretching from central and eastern
India through to Viet-Nam, Sulawesi and Timor.
A ricefield breeder, it is the main malaria vector
in the interior of Java and parts of Sumatra but
appears to be of lesser importance in other parts of
its range. The present distribution of this species
and of its known insecticide-resistance is shown in
Fig. 1 and 2.

It was first found to be resistant to dieldrin in the
Subah district of Central Java in October 1959 after
three years of dieldrin spraying (six half-yearly
cycles at 0.5 g/m2). At this time the RR portion
of the anopheline population was 64% of the whole.
In February 1960, A. aconitus was found to be
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resistant to dieldrin in Jogjakarta, Central Java,
in an area which had also been subject to three years
of dieldrin spraying (one cycle per year at 0.5 g/m2).
Here the RR proportion was 36% and the LC,0 for
DDT at this time was 0.6%.

Thereafter dieldrin-resistance was reported suc-
cessively from:

Serang, West Java (July 1960)
Malang, East Java (February 1961) 4

Lampung, South Sumatra (August 1961)
Banjuwangi, East Java (April 1962)
Klaten, Central Java (May 1962)
Bodjenegoro, East Java (May 1962)
Tjiandjur, West Java (May 1962)
Purworedjo, Central Java (November 1962)
Island of Madura, East Java (March 1963)
Magelang, Central Java (July 1963)
When it became apparent that dieldrin-resistance

was spreading in A. aconitus it was decided to limit
the use of this insecticide in the malaria eradication
programme. Its use was accordingly restricted to

' This report is interesting as constituting the first
demonstration in Indonesia of the development of resistance
in a malaria vector as a result of the purely agricultural use of
insecticides (unpublished report to WHO, 1961).
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FIG. I
APPROXIMATE DISTRIBUTION OF ANOPHELES ACONITUS DONITZ

AND OF ITS KNOWN INSECTICIDE-RESISTANCE

areas where A. sundaicus was formerly found to be
resistant to DDT and to areas where there are well-
defined A. sundaicus breeding places. DDT is used
in areas where there is no distinct boundary between
A. aconitus and A. sundaicus.

In March 1962, A. aconitus suddenly appeared in
high densities in Jogjakarta, Central Java, Suscepti-
bility testing showed the vector to be resistant to
both DDT and dieldrin with resistant homozygotes
in the proportions of 73% and 46% respectively
(assuming that discriminating dosages for A. aconitus
are similar to those demonstrated so far for other
species). The spraying history in the area of
Jogjakarta which gave the above figures was:

1957: dieldrin (0.5 g/m2) one cycle,
1958, 1959: DDT (2 g/m2) two cycles,
1960, 1961, 1962: DDT (1 g/m2) four cycles.
In Bodjonegoro, East Java, in May 1962,

an " intermediate " state of DDT-resistance was
demonstrated for this vector. This was also the
position in May 1962 in the zones immediately

surrounding Jogjakarta. Testing in March-July
1963, however, demonstrated that the resistance in
parts of these zones (Purworedjo, Magelang and
Klaten) was now at a high level. In the central
Jogjakarta area no increase in the level of DDT-
resistance was apparent between April 1962 and
April 1963.
An intensive series of tests carried out in Central

Java during March, April, May and June 1964 by
an entomological team from the National Malaria
Eradication Service headquarters, Djakarta, revealed
double resistance to be present in A. aconitus
wherever tests were performed-namely, in the
following zones: Tjilatjap, Purworedjo, Magelang,
Surakarta, Purbolinggo, Klaten and Semarang.
There is no doubt that double resistance is now

widespread in Central Java at least.
Despite the occurrence of DDT-resistance in

A. aconitus in Jogjakarta, there is no indication so
far of an increase in the transmission of malaria.
This situation appears to be due mainly to depletion
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of the parasite reservoir during the two years of
eradication prior to the upsurge of resistance to a

<2 , 1t l i Rr detectable level, as case-finding and radical treat-
. r } nlzl ment have also been intensified. Biting stilltakes
IOC anl iI place indoors and outdoors and can reach extremely

* ~~~high levels if the human bait is in the vicinity of
"A' n arcattle (especially water buffalo). No A. aconitus

have so far been found resting on the DDT deposit.
ClllX4 /4° [ Experimental hut observations were undertaken

with a view to determining the effect of DDT on
those A. aconitus entering sprayed structures in this

< , w ;} ^ L jIIIS8111111111111P area of DDT-resistance, and also to compare this
cbx!2\*Ilililll lililililwith the effect of malathion and a mixture of HCH

z -8& 8 (} °y75 with malathion. Considering freshly-fed females
only, the DDT hut produced mortalities which fell

I.. *=99 rapidly from 15.7% in the second week after spray
2 J 1<"% to 5.4% in the third week. Thereafter kills were

4 ( ] | ,>extremely low, and during some weeks no mortality
01X / = > 2 >1 was produced at all.

The HCH/malathion mixture produced complete
o g0 1s_g6_ 2\9 kills up to the sixth week, then mortalities fell off

rapidly.
z The malathion at 2 g/m2 produced complete
ui 9 o Emortalities for the first nine weeks, and the kill
z :- _ t, stayed above 83% for the remainder of the observa-

I- <,w_wr Stion period. This was a total of 17 weeks after spray.
In the above observations it was indicated thatLu

0: jlolillizB DDT reduces the total entry of A. aconitus but does
i)X 111111B°not increase the proportion unfed on leaving, unlike
F L__wwffl the other insecticides used.
u ra M < It was shown (by testing the survivors from the
Xl) DDT hut) that selection was still operating (at least
U. 0 F2inthe first two weeks after spray) on those A. aconitus

F which entered this sprayed structure. The question
z r / - > >1 arises, however, why there was no apparent increase
n

> / w < E / in resistance level during the year after resistance
0J was first detected. The answer may be that in

2 \ / q h <:, { Jogjakarta there is a very high deviation to cattle,
especially to water buffalo, and consequently

IUD selection pressure has been of a fairly low order.
a IL \ ov7llp_.3Since this deviation has always been operating it is

LiJW w l-possible that agricultural uses of DDT have been
-.=X ^ mainly responsible for this high level of DDT
C 0 (° resistance (Brown, 1962, 1963; Busvine, 1963;
U-t 5 Hamon & Garrett-Jones, 1963).

0. p.0 * 0-U co ° DEVELOPMENT OF INSECTICIDE-RESISTANCE IN

ANOPHELES SUNDAICUS RODENWALDT

oRj-1111111 R I A. sundaicus ranges along the coasts of South-East
+ Asia from Orissa to Viet-Nam, Southern Sulawesi

and Timor (Fig. 3). Hamon & Garrett-Jones (1963)
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FIG. 3
APPROXIMATE DISTRIBUTION OF ANOPHELES SUNDAICUS RODENWALDT

AND OF ITS KNOWN INSECTICIDE-RESISTANCE
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have already presented a summary of the situation
with regard to this species, but recent developments
call for further elaboration. The present distribution
of this species and of its known insecticide-resistance
is shown in Fig. 3 and 4.
Both DDT-resistance and dieldrin-resistance have

been detected in A. sundaicus. In two instances both
types of resistance have occurred together in the
same population (Tulungagung in East Java and
South Sumatra).
The first record connected with resistance in this

species is that of Crandell (1954), who demonstrated
the presence of DDT-resistance in Djakarta and
Tjirebon. By 1955 resistance had also been detected
in two other towns on the north coast of Java,
Semarang and Surabaja, after two and four years
respectively of use of residual DDT in the malaria
control programme which started in 1952 (Chow &
Soeparmo, 1956; Chow, 1958). Some aerial spraying
withDDT had also takenplacebetween 1945 and 1949.
Davidson (1957) showed that DDT-resistance in

A. sundaicus is monofactorial and almost completely

recessive, an exposure for one hour to a 4% solution
ofDDT in Risella oil killing all SS and rS individuals
and also 4 %-6% of the rr.

After the development of resistance of A. sundaicus
to DDT, instructions were issued for the use of
dieldrin (0.5 g/m2) in coastal areas instead of DDT.
Dieldrin gave excellent control of A. sundaicus in
the above foci of DDT-resistance until spraying was
temporarily halted in 1958 during the change-over
from a control programme to an eradication
programme. In 1960, during this interruption in
spraying, the density of A. sundaicus in Semarang,
Central Java, increased to such an extent that there
was an outbreak of malaria. Man-biting ratios of
160 per night in houses and 250 per night outside
were recorded.' Testing of this population showed
no apparent resistance to DDT or to dieldrin, and
the latter insecticide was used successfully (along

1 Soerono, M. & Muir, D. A. Insecticide resistance and
prospects of the use of new insecticides in Indonesia (un-
published paper presented at the Fourth Asian Malaria
Conference, Manila, 1962).
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with mass chemoprophylaxis) to control the out-
break. A. sundaicus has not been found in Semarang
since this time.
The reasons for this apparent reversion to DDT-

susceptibility in Semarang are not clear, but the most
likely explanation appears to be the immigration of
the vector from unsprayed areas.
The next record of DDT-resistance in A. sundaicus

was made in September 1963, when the species was
shown to be resistant to both DDT and dieldrin in
South Sumatra.' Thereafter, in November 1963,
double-resistance was demonstrated also in Tulunga-
gung Zone, East Java.'

Dieldrin-resistance in A. sundaicus has so far been
detected on the south coast of Java, in South Sumatra
and in Sabah (North Borneo). It was first detected
in November 1959 on the coast of Jogjakarta,
Central Java; this was before the beginning of
eradication but after two cycles of DDT and two of
dieldrin under the control programme ending in
1958. When tested against dieldrin in 1959, suscepti-
ble homozygotes formed about 50% of this popula-
tion. Further to the west, in South Kedu, the
situation was similar at this time (52% susceptible
homozygotes). Here control had consisted of two
sprayings of dieldrin (0.25 g/m2), one in 1957 and
one in 1958. This South Kedu area remained
unsprayed from 1958 until 1963, and successive
tests in 1960, 1961 and 1962 indicated a progressive
decrease of the dieldrin-resistant portion of the
population until 1961, there being no progressive
change from 1961 to 1962:

1959 1960 1961 1962

Percentage of RR . . 8 6 0.5 0.5

Dieldrin-resistance in A. sundaicus is due to a
semi-dominant allele, 4% dieldrin for one hour
killing more than 90% of hybrids.

Still further to the west, near Tjilatjap, testing
against dieldrin in 1961 indicated an RR of 3%.
This area had received three yearly cycles of dieldrin
(0.5 g/m2) ending in 1958. In March 1962 dieldrin-
resistance in A. sundaicus was detected in Garut
Zone, West Java, in November 1962 in Djember
Zone, East Java, in November 1963 in Malang Zone
and in December 1963 in Probolinggo Zone, East
Java.' The double-resistance in this species in
Tulungagung Zone, East Java, and in South Sumatra
has been mentioned above.

1 Unpublished reports to WHO.
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CATCHES OF FEMALE ANOPHELES SUNDAICUS IN EXPERIMENTAL HUTS

Unfed Fresh-fed Half-gravid Gravid Total

Hut sprayed with DDT at 2 g/m2
Total catch 232 458 11 36 742

(32 %) (61.7%) (1.5 %) (4.8 %)

Window-trap 93 119 6 31 249 a
(37.4 %) (47.8 %) (2.4 %) (12.4 %)

Unsprayed control hut

Window-trap 674 56 66 926 1 722 b
(39.2 %) 3 3.2 %) (3.8o%) (53.8 %)

a Percentage In window-trap was 33.6 % of the total catch.
b Percentage in window-trap was 99.8 % of the total catch.

Outside Indonesia, the only record of dieldrin-
resistance in A. sundaicus has been from North
Borneo in September 1962.1
The typical breeding places of A. sundaicus on the

north coast of Java are man-made fishponds along
the edge of the relatively calm Java Sea. On the
south coast, however, the breeding-places are salt-
marsh or " lagoon " areas associated with river
mouths. These marshy areas are cut off from tidal
influence during the dry season by the formation
of a sand-bar at the river mouth. Because of these
differences of breeding site, and since at that time
records of DDT-resistance in A. sundaicus had so
far been confined to the north coast and dieldrin-
resistance to the south coast, it had once been
suggested that there might be some biological
distinction between the two populations. Reciprocal
crossing of the north and south coast strains in the
Ross Institute, London, has shown them to be inter-
fertile. The F1 generation was fed and fertile eggs
obtained. It is now clear that DDT-resistance can
extend to the south coast also.
Sundararaman (1958) considered that DDT

spraying had failed in its objective, in those areas
which he was investigating, due to a behaviouristic
change of the vector. Whether or not such a change
may take place, tests on A. sundaicus in a DDT-
susceptible area showed pronounced DDT-irritabi-
lity.

In experimental hut observations on A. sundaicus
in a DDT-susceptible area the catches of females
shown in the accompanying table were obtained.
The difference in total female catch indicates the

I Unpublished reports to WHO.

possibility of repellency from the DDT hut. It will
be noted, however, that, as judged by the total
production of unfed females on a proportion basis,
there is no apparent reduction in biting among those
A. sundaicus entering the sprayed hut. This last
result appears to be contrary to the findings with
regard to other species in various parts of the world,
and the slight increase in biting shown may possibly
be due to a small proportion of the unfed females,
which after entering the hut would normally rest
and leave again in an unfed state, being so stimulated
by contact with the DDT that they take a blood
meal. Alternatively, it is possible that this small
proportion may be repelled before entry, or both
processes may play a part. Similar results have been
obtained in the course of observations (unpublished)
on DDT-resistant A. aconitus.

In the insecticide trials carried out in the
A. sundaicus area on the south coast of Central
Java, dieldrin (0.5 g/m2) and HCH (0.5 g/m2) emerge
as the most effective insecticides.' Their use is,
however, precluded in this area owing to the
presence of dieldrin-resistance in the A. sundaicus
population. HCH at 0.5 g/m2 plus malathion at
1 g/m2 and malathion alone at 2 guni come next
with little to choose between them. Malathion at
2 g/m2 appears to be slightly better than the mixture
over the first four months, and, being operationally
simpler to use, would be the insecticide of choice for
this area.
The selective effect of the various experimental

deposits on the partially dieldrin-resistant A.
sundaicus population was estimated by exposing
survivors (after a 12-hour observation period) to
0.4% dieldrin for one hour and observing for another



INSECTICIDE-RESISTANCE rN ANOPHELES ACONITUS AND ANOPHELES SUNDAICUS

15 hours. The three deposits showing the greatest
degree of selection are HCH at 0.5 g/m2 (actual
mortality in test 56%), dieldrin at 0.5 g/m2 (actual
mortality in test 83.5%) and the mixture DDT at
1 g/m2 and dieldrin at 0.25 g/m2 (actual mortality
in test 85.5 %). HCH selects most strongly, pre-
sumably because of its fumigant action. The actual
mortality among survivors from the hut sprayed
with malathion at 2 g/m2 was 94.8% (91.5%
corrected), which would imply no selection of the
allele conferring dieldrin-resistance by this insecticide.
The trials included a comparison of huts sprayed

with DDT at dosages of 2 g/m2 and 1 g/m2. Con-
sidering the total catches for six months' observations
from the two DDT-sprayed huts and from the
control hut, it is seen that the proportions of unfed
females taken in the DDT huts are almost the same
(DDT at 2 g/m2: 32%; DDT at 1 g/m2: 30.7%) but
are slightly less than the proportion taken in the
control hut (39.2 %).
While there is, apparently, the same amount of

biting in the huts sprayed with DDT at 2 g/m2 and at
I g/m2, there is a difference in escape to the window-
trap and also in survival: from the hut sprayed
with DDT at 2 g/m2 26% of the freshly fed females
escape to the window-trap and 18.1 % survive;
whereas from the hut sprayed with DDT at 1 g/m2
15.4% of the freshly-fed females escape to the
window-trap and 11.1 % survive.
Thus the evidence suggests that:

(1) The irritant effect of DDT will not reduce
biting of those A. sundaicus which enter a sprayed
structure.

(2) There may, however, be a repellent effect
which reduces entry.

(3) The higher dose of DDT has a greater irritant
effect than the lower dose, and causes increased
escape and increased survival.

GENERAL COMMENTS

Despite the development of insecticide-resistance
in Java, as described above, the progress of the
malaria eradication programme does not appear to
have been seriously affected so far by this particular
factor. Indeed, in Central Java spraying has
recently been withdrawn in three zones with partial
withdrawal in the other two zones, including part of
Jogjakarta Zone which was the main centre of
double resistance in A. aconitus. It must be remem-
bered, however, that in the latter zone the parasite
reservoir had been practically eliminated before
DDT-resistance in A. aconitus reached a detectable
level, and therefore the expectation of similar
success in the zones contiguous with Jogjakarta,
and in the other zones where double resistance has
recently been demonstrated, should be tempered
with caution.

In the experimental hut observations noted
above, malathion has given extremely promising
results when used against doubly-resistant A. aconitus
and should prove operationally effective (or at
least worthy of a large-scale field trial) in any area
where transmission may persist or recur because of
resistance to DDT and dieldrin.

This would apply to doubly-resistant A. sundaicus
also, although experimental hut observations have
so far been carried out in areas of DDT-susceptibility
only. Here too, as already noted, malathion gave
encouraging results.
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RtSUMIt

Bien que n'ayant pas influenc6 de fa$on appr6ciable,
jusqu'a present, les progres de la campagne d'eradication
en Indonesie, la resistance aux insecticides a base d'hydro-
carbures chlores, observee chez Anopheles sundaicus et
A. aconitus, principaux vecteurs du paludisme dans cette
r6gion, retient cependant l'attention. Les auteurs retracent

l'evolution du phenomene depuis la premiere appari-
tion d'une resistance au DDT chez A. sundaicus, en 1954.

D'allure assez irreguliere, la resistance au DDT de
A. sundaicus existe actuellement en diff6rents endroits de
Java et du Sud Sumatra; celle de A. aconitus, plus stable
et tendant a se propager, est signalee i Java. La resistance
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A la dieldrine, plus repandue, se rencontre chez les deux
vecteurs. Des foyers ont ete d6celes A Java, au Sud
Sumatra et A Sabah. Elle a pr&6d& la resistance au DDT
chez A. aconitus, mais non chez A. sundaicus. II convient
cependant de tenir compte des modalit6s d'emploi
variables des insecticides qui ont entra^n6 une pression
selective diff6rente selon les cas. Enfin, au centre de Java,
on a constat6 une resistance double.
A deux occasions, on a note un retour apparent A la

sensibilit6 A la dieldrine ou au DDT de populations
d'A. sundaicus qui etaient auparavant partiellement
resistantes. Les auteurs attribuent le fait A l'introduction

possible dans les foyers de resistance de vecteurs prove-
nant de regions non traitees.

L'apparition de la r6sistance au DDT chez A. aconitus
n'a pas entraine une recrudescence de la transmission du
paludisme, sans doute en raison de la reduction du
nombre des vecteurs due aux pulverisations des annees
precedentes, et du renforcement des mesures de depistage
et de traitement.
Des essais sur le terrain ont montre que le malathion

pourra, le cas echeant, servir d'insecticide de remplace-
ment de la dieldrine et du DDT pour poursuivre la lutte
contre A. aconitus et A. sundaicus.
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