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Testing the susceptibility of Simulium damnosum
(Diptera: Simuliidae) to insecticides in the laboratory
and in the field
B. H. THOMPSON 1

There are several methods for measuring the susceptibility of blackfly larvae to
insecticides. In 1970 the provisional method suggested by the World Health Organization
was used with a view to establishing baseline data on the susceptibility of S. damnosum
larvae to insecticides; this method was found to be unsuitable. Thereafter, attempts were
made to develop a reliable susceptibility testing method for S. damnosum. This report
describes the method that yielded the best results in the laboratory; a second method suitable
for use in the field is also described. The results from several replicates of such tests gave
reasonably straight log-dosage-probit-mortality curves from which values of LCj0 could be
calculated. The overall control mortality in the laboratory series of tests was about 9 %
and that in the field series was about 4 %.

The World Health Organization has recently
embarked on an extensive campaign to eradicate
onchocerciasis from the Volta River Basin in West
Africa. This programme will be in operation for
many years and will involve, as a key tactic, the
larviciding of breeding sites of the vector, S. damno-
sum Theobald. During such a prolonged programme
of insecticidal control, vector resistance to the pesti-
cides used is highly probable (7). It is therefore
important that techniques be available for monitor-
ing the susceptibility of S. damnosum larvae to the
insecticides in use so that changing levels of resis-
tance can be detected sufficiently early to allow the
planning of alternative strategies. Techniques that
fulfil this purpose must be simple and easily repro-
ducible to facilitate their use under field conditions
where time and equipment are often limited.
At present there are several methods for testing

the susceptibility of blackfly larvae to insecticides.
In Guatemala, Lea & Dalmat (3) carried out

laboratory tests to measure the susceptibility of
blackfly larvae to several insecticides. Larvae were
removed with forceps from the vegetation on which
they had been found and were placed in a pan of
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water. A syringe was then used to transfer about 25
larvae to each of several glass tubes. The tubes,
sealed with gauze at both ends, were immersed for
30 min in a nonaerated bath of insecticide solution,
after which they were removed, rinsed with water,
and suspended in a stream of untreated river water.
Thirty-six hours later, the tubes were removed and
the living and dead larvae were counted. This
method is convenient owing to the relative ease with
which a number of dilutions of insecticide can be
used at one time when the supply of larvae is limited,
but it requires a laboratory supply of untreated river
water, which is not everywhere available.
The susceptibility of S. damnosum larvae to DDT

and dieldrin was studied in Liberia by Muirhead-
Thomson (4). Pieces of vegetation with attached
larvae were immersed in jars containing 5 litres of
aerated stream water. After a sufficient number of
larvae had detached from the vegetation and at-
tached to the walls of the jars the vegetation was
removed, and the number of attached larvae in each
jar was determined. Insecticide concentrate was then
added to each test bath. After an exposure period of
1 hour the test bath was poured off and replaced
with stream water. The advantage of this method is
the reduction of larval handling, which is probably
the factor responsible for the very low mortality
rates observed among larvae exposed to the solvent
alone (2-3% after a recovery period of 24 hours).
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However, this method would not permit the exami-
nation of the larvae before the test period if a more
rigorous approach, involving the selection of larvae
of equal age or of one species, were desired. Another
drawback is that very few dilutions of insecticide can
be used at one time when the supply of larvae is
limited.
Jamnback (1) used a medicine dropper to transfer

blackfly larvae to small mesh bags, which were then
immersed in nonaerated solutions of insecticide
diluted with well water. After an exposure period of
20 min the bags were removed to aerated baths of
untreated water; 24 hours later the larvae were taken
out of the bags and mortality assessed. The average
mortality among larvae exposed to the solvent only
was 2.5%. Jamnback & West (2) modified the
Jamnback method to determine if the mortalities
among test larvae were altered by increasing the
exposure period to 30 min, by using as test vessels
glass jars or plastic buckets, or by aerating the test
baths during the exposure period.
The methods of Jamnback and of Jamnback &

West, which were carried out with North American
blackflies, overcome some of the drawbacks of those
described by Lea & Dalmat and by Muirhead-
Thomson. However, in the present set of experi-
ments, which were carried out with West African
S. damnosum, some of the results suggest that con-
finement of the larvae of this species in mesh bags
during the exposure period leads to variable mor-
tality rates among replicates of similar insecticide
concentration.

In West Africa, Ovazza & Valade (5) measured the
susceptibility of Simulium to DDT by placing the
larvae in dishes containing stream water 15 mm
deep. Larvicide was added to each dish; after an
exposure period of 30 min the test solutions were
replaced by fresh stream water. Aeration was sup-
plied during the exposure period of some tests but,
although it reduced mortality among control groups
(10%-20% after 20 hours), it was not considered to
influence significantly the toxic effect of the insecti-
cide.

Quelennec & Vervent (6) measured the DDT
susceptibility of several species of Simulium in Upper
Volta both from streams that had a history of
larviciding and from streams that did not. Groups of
larvae were placed in enamelled bowls containing
insecticide diluted in distilled water 25 mm deep.
Aeration was supplied in some tests and not in
others. After an exposure period of 24 hours, living

and dead larvae were counted. The average control
mortality for S. damnosum was 6.9 %.
The purpose of the present study was to find a

technique that would be suitable for testing the
susceptibility of S. damnosum to insecticides in the
laboratory and in the field. In 1970, attempts were
made to establish susceptibility levels of S. damno-
sum larvae to DDT and methoxychlor in northern
Ghana using the provisional testing procedure sug-
gested by the World Health Organization (8). It was
found that, under the conditions prevailing during
these preliminary tests, high mortality occurred
among larvae exposed to the solvent alone, and
mortalities in the insecticide test baths were highly
variable among successive tests. The testing method
was modified until a procedure was found in which
mortality among controls was reduced, and in which
the results yielded a reasonably straight dosage-mor-
tality regression line from four replicate tests. The
field method is essentially similar to the laboratory
method except fQr the handling of the larvae before
the exposure period and the holding of the larvae in
the river during the post-exposure period.

MATERIALS AND METHODS

Laboratory method

Pieces of vegetation with attached larvae were
collected at a breeding site on the White Volta river
(10°32'N, 0°55'W) in the Guinea-savanna area of
northern Ghana. They were then wrapped in wet
cloth and transported by car to a ventilated, but not
air-conditioned, laboratory just over an hour's drive
away in Bolgatanga. Here the larvae on the vegeta-
tion were immersed in water in a large museum jar
and were aerated by means of several aquarium
stones connected to two small aquarium pumps
(Fig. 1). Six glass rods (1 cm in diameter and 30 cm
long) were partly immersed in the water above the
aeration stones, and many of the larvae soon
detached from the plant material and settled on the
glass rods instead. After about 1 hour, the rods were
taken out and larvae were removed by " scrapings"
beneath their bodies with the edge of a razor blade
(mounted for convenience on the end of a wooden
applicator stick; see Fig. 2). This procedure was
designed to limit handling of the larvae and thus
reduce control mortality. In this way, medium-sized
larvae were transferred to paraffin-coated paper cups
each containing 250 ml of tap water, which had been
cleared by allowing it to settle for 24 h. When 6 such
cups had been filled, each with about 30 larvae, the
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Fig. 1. Laboratory tests: transfer of the larvae from
pieces of vegetation to the glass rods. Larvae became
attached to areas on the glass rods where the current,
provided by aeration, was greatest.

aeration supply was disconnected from the museum
jar and connected to 6 glass pipettes, each of which
was placed in 1 cup. The larvae were then left for
hour in the aerated water before the testing period

began, providing an opportunity for them to attach
to the cup walls in the areas of maximum aeration.

Fig. 2. Laboratory tests: transferring the larvae from the
glass rods to the test baths. The sharp edge of the
razor blade was inserted under each larva and lifted in
such a way that the attachment material was dis-
lodged but the larva was not injured.

At the end of this period 1 ml of an ethanolic
insecticide solution as provided in the WHO test
kit (8) was added to the aerated water in the first
cup. The other cups were then treated similarly at
intervals of 3-4 min in order to prevent congestion
of work at the end of the period. Aeration of the
cups was continued during the whole of the test
period because it had been found that if this was not
done the insecticide concentrations under trial
caused very low and variable mortalities.

Thirty minutes after the insecticide had been
added to any cup, the pipette was removed and the
contents of the cup were poured off through a piece
of fine mesh netting. Larvae that had become de-
tached during the exposure period were thus caught
by the netting, and they were then rinsed with river
water from the netting back into the cup; larvae
adhering to the pipette were removed with the razor
blade and replaced into the cup. River water was
added until the cup contained 250 ml. The larvae
were left in the river water and were continuously
aerated for approximately 20 hours, when they were
removed and examined in a dissecting tray.
To determine larval mortality rates, each larva in

turn was pressed down firmly with the edge of a
needle and its reaction observed. If the larva reacted
immediately by bending double and continued this
sort of motion for at least several seconds, it was
classed as " alive ". If the larva did not respond at all
when thus irritated, or if only the head capsule of a
decomposed larva was found, it was classed as
" dead ". If the larva flexed its body incompletely
and only once, before returning to a straightened
position with the mouthparts quivering, it was con-
sidered moribund and classed also as dead.

After they had been counted and classified as alive
or dead the larvae were mounted on slides and
examined under a dissecting microscope in order to
eliminate from the total counts both the prepupal
stages of S. damnosum and the larvae of Simulium
species other than damnosum.

Field method
Pieces of vegetation to which larvae were attached

were collected from the Vina du Nord river (7°45'N,
15°22'E) in the Sudan-savanna zone of Cameroon,
and placed in a dissecting tray in a shaded place by
the riverside. The larvae were removed with light-
weight, flat-surface forceps and placed in river water
contained in petri dishes resting on a wet cloth. They
were left for about 30 min, and then those that
appeared to be undamaged and of medium size were
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Fig. 3. Field tests: a nylon mesh bag containing larvae
and suspended in a fast river current. Note the U-shaped
part of the seam in the downstream end of the bag
which apparently reduced larval mortality during the
post-exposure period by preventing congestion of the
larvae into two corners of the bag.

selected and placed, 40-50 together, into 175 ml of
filtered water in each of 6 glass tumblers. The exact
number introduced into each tumbler was recorded.
The water in the tumblers was aerated through glass
pipettes by means of a tyre pump worked in shifts by
two men. After a short period to allow the larvae to
attach themselves to the sides of the tumblers, and
thus maintain themselves in the current provided by
the aeration, the insecticide concentrate was added
to each tumbler in turn at 5-min intervals. Thirty
minutes after the addition of the insecticide, the
larvae attached to the pipette were removed and
placed back in the tumbler. The contents of the
tumbler were then filtered through a small bag
(17 cm x 13 cm) made of nylon netting with a mesh
size of 32 strands per cm. Each bag with its con-

tained larvae was closed by folding the open end
around three metal rods and securing it with wire
(Fig. 3). The 6 bags were then placed in a rapid
current in the river, and were secured by local " cane

rope " to a steel cable stretched across the stream, so
that they trailed side by side about 15 cm apart and
about 10 cm beneath the surface.
Approximately 20 hours later the bags were

recovered and the larvae were removed into a dis-
secting tray, care being taken to recover the head
capsules of any that had died and partially decom-
posed. The larvae were counted and classed as alive
or dead in the manner described above. Any larvae
missing from the total originally put into the bag
were presumed to have died and decomposed. In the
overall field results, 39% of those classified as dead
were actually missing. That this truly represented

death, and not escape, is shown by the low rate of
" missing " larvae among the controls (1.5% of the
total put in originally).
The river temperature near the surface at the point

where the larvae were attached during the post-
exposure periods was 25.5°C at 10 h 00 on March 3,
and 27.5°C at 10 h 00 on March 12.

Analysis of results
The numbers of live and dead larvae for all test

replicates were summed, and the mortality of the test
group relative to the control mortality for each
concentration of insecticide was calculated using
Abbot's formula:

Corrected test mortality =
% test mortality - % control mortality x 100 °

100%-% control mortality
The corrected mortalities expressed as probits

were plotted against the logarithm of insecticide
concentration. The values of the LC50 and LC9, a

were obtained from the regression equations.

RESULTS

Trial of the laboratory method using methoxychlor
After some preliminary trials to determine a useful

working range, five concentrations of methoxychlor
and one control (1 ml of ethanol only) were tested,
the procedure being replicated four times.

Table 1. Results of susceptibility tests with methoxy-
chlor using the laboratory method. Summed counts of
4 replicate tests run during 13-20 January, 1971 in
Bolgatanga, Ghana

Concentration Total larvae Dead larvae Percentage Corrected
of insecticide recovered after test mortality mortality

control 108 10 9.26

0.0125 111 18 16.2 7.67

0.0250 114 74 64.9 61.3

0.0375 106 85 80.2 78.2

0.0500 100 89 89.0 87.9

0.0625 114 110 96.5 96.1

The results are shown in Table 1. The regression
of percentage mortality expressed as probits against

a The LC., and LC,, are defined here as those concentra-
tions of insecticide that produced 50% and 95% mortality of
the larvae, respectively, relative to control mortality.

//A//> ~~~~~~~~Current
WHO 7,.83
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Table 2. Results of susceptibility tests with DDT using the field
method. Sums of five tests a run during 7-12 March, 1974 on the
Vina river in northern Cameroon

Concentra - Number Ttl Dd P t Control Correctedtionsetifd of Total larvae Dead Percentage percentage mortality
(mg/litre) tests introduced larvae mortality mortality

Overall
control 5 203 8 3.9 - -

0.02 2 80 3 3.8 4.9 b

0.05 5 199 31 15.6 3.9 12.1

0.10 5 196 89 45.4 3.9 43.2

0.20 5 199 119 59.8 6.0 57.3

0.50 5 209 195 93.3 3.9 93.0

1.00 4 160 159 99.4 4.3 99.3

1.25 1 46 46 100 2.4 100

a On each of the five days, the concentrations 0.05 mg/I, 0.10 mg/I, 0.50 mg/I, and
ethanol control were used and accordingly the overall control percentage mortality
(3.9 %) is used to calculate the corrected mortalities. The concentration 0.02 mg/I was
eliminated after two tests, and 1.25 mg/I changed to 1.00 mg/I after one test; in each
case the control mortality used in calculating the corrected mortality is derived from
the control mortalities that occurred during the tests in which that concentration was
used. Two of the tests with 0.20 mg/l DDT were done on a sixth day with a sixth
control test.

b Corrected mortality was less than the control mortality.
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3.0
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1e1f0 75J8&1

Fig. 4. The dosage-mortality curves from laboratory
tests with methoxychlor (a) and from field tests with
DDT (b).

log-concentration (Fig. 4) is essentially linear (r2 =
0.980). The LC5e and LCv,, calculated from the
regression equation, were 0.025 and 0.059 mg/litre,
respectively.

Trial of the field method using DDT
Five concentrations ofDDT and one control were

used and the procedure was replicated five times on
the Vina du Nord river during March 1974.
The results are given in Table 2. The relationship

of probit-mortality to log-dosage also follows a
linear relationship (r2=0.985) (Fig. 4). The LC50 and
LC95 for this series of tests were 0.14 and 0.55
mg/litre, respectively.

DISCUSSION

Aeration of the test baths
During susceptibility tests with blackfly larvae in

North America, Jamnback & West (2) showed that
susceptibility of the larvae to DDT in aerated test
baths was more than ten times greater than that in
nonaerated test baths of equal DDT concentration.
They suggested that circulation of the test solution
by means of aeration maintains a steady concentra-
tion of insecticide over the surface of the larval
cuticle and thus affords maximum penetration of the
insecticide into the body. However, the major pur-
pose of the present set of experiments was to provide
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a method of detecting changes among a blackfly
population in susceptibility to insecticide. As long as
such conditions as aeration of the test baths are
reproduced during subsequent tests, the above
methods appear to satisfy this requirement. For this
purpose it would be advisable, as an improvement to
the field method described above, to supply aeration
to the test baths by means of a compressed air
cylinder equipped with a flow meter.

Highly variable results were obtained during a
series of field experiments in the rain forest zone in
which larvae were first put into the nylon mesh bags
and then immersed in the aerated test baths. It is
likely that the enclosed larvae were unable to mi-
grate to the zones of maximum aeration in the test
vessels. Because the action of the insecticide on the
larvae in the test baths is apparently influenced
strongly by aeration, the mortality in each test vessel
would depend on the chance placement of the bags
relative to the aeration stream.

Water used for the test baths

Under natural conditions, entry of insecticide into
the bodies of aquatic insect larvae may occur in two
ways. It may penetrate the cuticle of the larva and
thus act as a surface contact poison, or it may enter
via the alimentary tract in the form of particles or
adsorbed to other particulate matter in which case it
acts as a stomach poison. Because river water con-
tains a variable amount of particulate matter to
which a certain amount of insecticide may adsorb, it
is possible that the actions of some insecticides that
act as stomach poisons are increased when aerated
river water rather than aerated clear water is used
for the test baths.

In the present set of experiments sedimented
(laboratory tests) or filtered (field tests) water was
used and hence such particulate matter was absent
from the insecticide test baths. The actions of DDT
and methoxychlor as stomach poisons were there-
fore not represented. The results give LC5o and LC95
values that are almost certainly higher than those
obtainable from larviciding experiments in the field.

Because the purpose of susceptibility testing is to
measure changing levels of resistance to insecticides,
the use of sedimented or filtered water is recom-
mended since it is the most convenient condition to
reproduce in subsequent tests.

Temperatures of the test baths

The temperatures in the test cups were not taken
during the laboratory tests that were carried out in
January 1971 during the " cool-dry " season. How-
ever, an attempt to repeat the tests during the " hot-
dry " season (May 1971) had to be abandoned owing
to high mortality among control larvae. It may
therefore be advisable to perform such laboratory
tests either at the cooler times of the year or at
constant temperature in an air-conditioned labora-
tory.
The test bath temperature during the field tests

with DDT varied from 22.50 to 29°C. This tempera-
ture range is above that (22°C) prevailing during the
experiments carried out by Quelennec & Vervent (6)
in an air-conditioned room. Because it is probable
that the toxic action of insecticide increases with
increasing temperature, the test bath temperatures
should be the same throughout subsequent suscep-
tibility tests.
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RItSUMIt

DtTERMINATION DE LA SENSIBILITE' DE SIMULIUM DAMNOSUM (DIPTERA: SIMULIIDAE)
AUX INSECTICIDES EN LABORATOIRE ET SUR LE TERRAIN

L'article decrit une methode utilisee en laboratoire et
sur le terrain pour determiner la sensibilite des larves
de S. damnosum aux insecticides. En laboratoire, les larves

destinees aux essais ont et transferees de la vegetation
sur laquelle elles avaient et recueillies aux bains d'epreuve
selon une methode concue pour reduire au minimum les
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manipulations. Des groupes d'une trentaine de larves ont
e exposes a cinq concentrations de methoxychlore pen-
dant 30 minutes dans des bains d'epreuve a6res; elles
ont e ensuite transferees dans des bains aeres d'eau
de riviere pendant une vingtaine d'heures, apres quoi on
a denombre les larves mortes. Pour quatre epreuves repe-
tees, la CL50 pour le methoxychlore etait de 0,025 mg/litre,
tandis qu'en moyenne le taux de mortalite pour les simu-
lies temoins etait d'environ 9 %.
La methode appliquee sur le terrain etait essentielle-

ment la meme que ci-dessus, except6 que les larves ont
e transferees aux bains d'epreuve avec des pinces;
apres la periode d'exposition, elles ont e't transferees
dans des sacs en mailles de nylon maintenus dans un
courant rapide. Apres une vingtaine d'heures, les sacs
ont e recuperes et l'on a denombre les simulies mortes.
Pour cinq epreuves, la CL50 pour le DDT etait de 0,14 mg/
litre et la mortalite globale etait d'environ 4% chez les
simulies temoins.
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