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A Simple Laboratory Method for Testing
the Susceptibility of Larvae of

the Simulium neavei Complex to Insecticides
J. N. RAYBOULD'

Certain species of the Simulium neavei complex are important vectors of human
onchocerciasis in Africa. Because of the association of the larvae of this complex with
freshwater crabs, their insecticide susceptibility cannot be readily tested by any of the
available methods. They are firmly attached to the crabs and can be removed only with
difficulty andsometimes injury. The method described in this paper was developed, therefore,
to obviate removal of the larvae from the crabs.

Larvae of S. nyasalandicum de Meillon, from the Eastern Usambaras in Tanzania,
were used in this investigation. In order to prevent the crabs from eating larvae which
became detached during the test, and to facilitate transfer from one container to another,
the crabs were confined in specially designed plastic cages.

Preliminary tests with DDT and fenthion suggest that the method has considerable
potentialities, but that certain aspects require further investigation.

The Simulium neavei Roubaud complex is of
particular interest because the larvae and pupae
attach themselves to freshwater crabs, and because
certain species are important vectors of human
onchocerciasis in Africa. The development of a
simple laboratory technique for testing their sus-
ceptibility to insecticides is therefore of considerable
practical importance.
The first case of resistance of Simulium larvae to

insecticides was reported in Japan. S. aokii has
developed marked resistance to DDT and moderate
resistance to dieldrin (Suzuki et al., 1963). This has
focussed attention on the possibility of resistance
developing elsewhere.
A number of useful laboratory techniques are

available for testing the susceptibility of Simulium
larvae to insecticides (Lea & Dalmat, 1954; Muir-
head-Thomson, 1957; Jamnback, 1962; Noamesi,
1962; Ovazza & Valade, 1963; WHO Expert Com-
mittee on Insecticides, 1963). Because of their
association with crabs, however, the larvae of the
S. neavei complex cannot be readily tested by any of
the standard methods. They are firmly attached to
the crabs and can be removed only with difficulty and

1 Research Officer, East African Institute of Malaria and
Vector Borne Diseases, Amani, Tanzania.

sometimes injury. To avoid injury to the larvae, and
simulate natural conditions more nearly during the
test period, the following tentative method was
developed, which obviates the need to remove the
larvae from the crabs.
The Simulium larvae used in this investigation

were those of S. nyasalandicum de Meillon (Amani
form). This species has been described by Lewis
(1960a, 1960b, 1961). The crabs to which the larvae
were attached were mostly the large brown species,
usually known as Potamon lirrangensis Rathbun.
The crabs and S. nyasalandicum larvae were obtained
from the River Zigi, near the village of Chemka, in
the Eastern Usambaras in Tanzania. No insecticides
have ever been used in the rivers and streams of the
Eastern Usambaras. There is no possibility, there-
fore, of acquired resistance in the local Simuliidae.

METHODS

Crabs were collected either by hand or with basket-
traps. Trap collections were less time-consuming
and less likely to injure the crabs. These traps are
fitted with an ingenious non-return funnel and are
widely used by fishermen in East Africa. An account
of their use in fisheries in Kenya is given by van
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Someren (1959) and Whitehead (1960). They were

used for sampling crabs in Rhodesian trout streams
by Turnbull-Kemp (1960), who baited them with
fresh fish. More permanent traps of a similar design,
constructed from ½/2-inch-mesh (ca 12.5-mm) wire
supported by a steel frame, were also used. A com-

parison of different baits showed that fresh meat and
the ripe fruit of Artocarpus integrifolia (jackfruit)
were both very attractive, while bananas, paw-paws
and maize meal were less effective. Jackfruit was the
most suitable because of its ready availability and
easy storage. The traps were placed facing down-
stream.

Crabs, together with their attached larvae, were

transported to the laboratory in containers con-

structed from square, 4-UK-gallon (18-litre) kerosene
tins. A window was cut in two opposite sides of
each tin and covered with ¼/4-inch-mesh (ca 6-mm)
wire gauze. When these tins were placed in the
stream, a flow of water passed through the wire
gauze and kept the crabs and larvae in a healthy
condition during the collecting period. During
transport to the laboratory they were kept moist with
wet vegetation. Provided that the vegetation was not
allowed to dry, both crabs and Simulium larvae
survived well in this condition for a number of hours.

Any crabs with Simulium larvae not required for
immediate use could be stored in aerated drums or

aquaria or in wire cages immersed in a stream.

EXPERIMENTAL PROCEDURE

To facilitate handling, and to prevent large crabs
from eating smaller crabs and their attached Simu-
lium larvae, the dactylopodites (upper claws) of the
chelipeds (pincers) were cut off. All pupae and
early-stage larvae were removed from the crabs with
a dissecting needle.
To prevent the crabs from devouring larvae which

became detached during the test, and to facilitate
transfer from one container to another, the crabs
were placed in plastic cages (Fig. 1). Each cage con-

sisted of a 3-inch (7.5-cm) length of plastic tubing
6 inches (15 cm) in diameter, one end of which was

closed with 1.5-mm-mesh plastic gauze, fixed per-
manently in position with an adhesive. The other
end of the cylinder was covered with a plastic grid
with square holes of size 1 cm, which was held in
position by two elastic bands. Sufficient crabs were

placed in each cage to give a total of 25 S. nyasalan-
dicum larvae per cage. Between one and six crabs
were normally required.

FIG. 1
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The various insecticide concentrations were made
up in 2.5 litres of water in 6-litre beakers. The
temperature in the beakers was measured at the
beginning of the exposure period. Initial tempera-
tures for the various tests ranged from 21.0°C to
22.50C.
There was little danger of detached larvae being

eaten by the crabs during the brief period of exposure
to the insecticide. Relatively few larvae detached
themselves from the crabs, and most of these only
did so towards the end of the exposure period. When
the cages were placed in the beakers containing
the insecticide, therefore, they werepositioned with the
fine gauze downwards.' This retained most of the
detached larvae within the cages, facilitating their
simultaneous removal at the end of the exposure
period. After 30 minutes exposure the cages were
removed and, after the excess insecticide had drained
off, washed by placing in large vessels containing
several litres of untreated water. They were then
transferred to holding vessels for a period of
48 hours. If, as occasionally happened, one or two
larvae passed through the plastic gauze and fell to
the bottom of the exposure beaker, these were col-
lected with a pipette, rinsed gently in a strainer, and
transferred to the holding vessel. During the above-
mentioned 48-hour period the cages were positioned
with the wide-mesh grid below, so that any larvae
that became detached fell through it to the bottom
of the container, out of reach of the crabs. Occa-
,sionally a crab died and the test had to be repeated.

Larvae of the S. neavei complex do not appear to
require the violent circulation of water necessary for
S. damnosum larvae. Throughout the experiment,
the various containers were aerated with bubblers or
aeration stones. A convenient bubbler (Fig. 1) can
be constructed by closing the end of a length of
plastic tubing, and then making numerous small per-
forations with a fine pin. Stream water, rather than
distilled water, was used in these experiments.
The number of dead, moribund and living larvae

was assessed after 24 and 48 hours. Larvae were
counted as dead if they failed to respond when
probed with a needle, and moribund if they were
incapable of attachment. Larvae that had pupated
during the test were discarded.
The mortality values were transformed into

probability units or probits, and plotted against the

I For exposure periods of long duration it would be
necessary to reverse the containers, but then the slight delay
involved in removing larvae from the bottom of the beaker
would be less critical.

logarithm of the insecticide concentration. Tables
of calculated probits, originally published by Bliss
(1935), were used in the transformation. The con-
centration-mortality regression lines were fitted by
eye, and the LC60 values derived from these lines.
The insecticides used were solutions of DDT and

fenthion in ethanol, provided in the WHO test kit for
use with blackfly larvae. The various containers
were scrubbed with detergent and water followed by
a thorough water rinse after each test, to remove
traces of insecticide. Pipettes were thoroughly
washed in acetone.

RESULTS

The results of preliminary tests with DDT and
fenthion are given in Tables 1 and 2 and in Fig. 2.
These results indicated major differences between
the two insecticides in their effects on larvae of
S. nyasalandicum (Amani form).

It may be seen from Table 1 that large numbers of
moribund larvae were obtained with DDT, but
relatively few with fenthion. For the purposes of
comparison, Table 2 gives the LC50 values based on
the number of dead larvae only, as well as on the
number of dead and moribund larvae. The slopes
of the concentration-mortality regression lines
(Fig. 2) were much steeper for fenthion than for
DDT.

Results with DDT were difficult to interpret when
moribund larvae were included in the mortalities.
It may be seen from Table 1 that after exposure to a
DDT concentration of 0.1 ppm, 60% and 78% of
the larvae were either moribund or dead after 24 and
48 hours respectively. With a DDT concentration
of 0.2 ppm, 100% of the larvae were either dead or
moribund after 24 hours. The concentration-
mortality regression lines concerned, therefore,
could not be extended above the mortalities obtained
at 0.1 ppm. These results suggested a more rapid
increase in mortality at DDT concentrations above
0.1 ppm than would be expected from a normal
distribution. When moribund larvae were excluded,
however, mortalities with DDT appeared to follow
a normal distribution. This apparent anomaly
requires further investigation.

DISCUSSION

The significance of this investigation lies in the
experimental method rather than in the results.
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TABLE 1
SUSCEPTIBILITY LEVELS OF S. NYASALANDICUM LARVAE TO DDT AND FENTHION

AFTER 30 MINUTES' EXPOSURE

24 hours 48 hours

Concentration No. Adjusted Morlbund Adjusted Ajse oiud Ajseof tests Mortality ortality arndbead moribund Mortality Aodrjtuasliteyda aMnddad oribund
W W~~t an da and dead a motait a and deadmoibn

DDT

Control 4 1 4 6 8

0.02 4 4 3 8 4 7 1 14 7

0.05 4 9 8 34 31 23 18 49 45

0.1 4 28 27 62 60 45 41 78 76

0.2 4 73 73 100 100 99 99 100 100

0.3 3 83 83 100 100 96 96 100 100

Fenthion

Control 4 8 9 13 13

0.1 4 9 1 18 10 26 15 33 23

0.125 4 14 7 26 19 37 28 43 34

0.15 4 46 41 63 59 61 55 69 64

0.175 4 87 86 98 98 97 97 98 98

0.2 4 97 97 99 99 100 100 100 100

a Adjusted by Abbott's formula.

In the " Tentative Instructions for Determining
the Susceptibility of Blackfly Larvae to Insecticides "
of the WHO Expert Committee on Insecticides
(1963), it is recommended that moribund larvae
should be included in the mortalities. This recom-
mendation is justified by the fact that larvae in-
capable of attachment would not survive in nature.
It is sometimes difficult, however, to determine
whether or not a larva is moribund. The most
reliable criterion appears to be an inability to stay

TABLE 2
LCsoVALUES (ppm) OF DDT AND FENTHION
FOR SIMULIUM NYASALANDICUM LARVAE

LCMo values (ppm)

24 hours 48 hours
Insecticide Dead Dead

Dead and Dead and
larvae moribund larvae moribund
only larvae only larvae

DDT 0.141 0.079 0.105 0.058

Fenthion 0.155 0.135 0.132 0.126

attached. Other abnormalities such as unnatural
coloration and the assumption of an unnatural posi-
tion are difficult to assess objectively.
A number of problems related to this investigation

require further study. As has been emphasized by
Pal & Kalra,' the degree of resistance can only be
detected by comparing the data, obtained by a
standard method, on the strain under test with those
on a reference (susceptible) strain. Routine tests are
required, therefore, to establish the base-line values of
insecticide susceptibility for normal field populations
of the various species within the S. neavei complex.

It is possible that the insecticide concentration in
the exposure beakers may be reduced by uptake of
insecticide by the crabs. Preliminary tests with DDT
have failed to reveal significant differences in the
mortalities of Anopheles gambiae larvae in the pre-
sence and absence of crabs. Nevertheless, a possible
uptake by the crabs cannot be ruled out on the basis
of one or two preliminary tests, and more detailed
investigations are required.
Fredeen et al. (1953) and Fredeen (1962) found
1 Unpublished communication to WHO, 1965.
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FIG. 2
CONCENTRATION-MORTALITY
REGRESSION LINES FOR DDT AND
FENTHION USED AGAINST
S. NYASALANDICUM LARVAE,
AFTER 30 MINUTES' EXPOSURE
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RtSUMJ

Certaines especes du complexe Simulium neavei sont
des vecteurs importants de l'onchocercose humaine en
Afrique. S. aokii, au Japon, ayant d6ji acquis une resis-
tance notable au DDT et une r6sistance moindre a la
dieldrine, il est important d'evaluer la sensibilit6 des
larves de Simulium aux insecticides. Cependant la sen-
sibilit6 des larves du complexe S. neavei est difficile a
6tablir par les m6thodes actuelles, en raison de leur
association 'a des crabes d'eau douce; les larves sont
fermement attach6es aux crabes et on ne peut les prelever
qu'avec difficult6 et en les blessant frequemment. C'est
pourquoi l'auteur d6crit une methode permettant d'ex-
poser ces larves aux insecticides sans les d6tacher de leur
support.
Des crabes, Potamon lirrangensis, porteurs de larves de

S. nyasalandicum ont 6t6 recueillis a la main ou dans des
nasses dans une riviere de Tanzanie qui n'a jamais Wt6
trait6e par des insecticides. Pour faciliter leur manipula-
tion et pour 6viter que les gros crabes ne d6vorent les
plus petits et les larves qu'ils portent, les dactylopodites
des crabes ont 6t6 coup6s. Apres que les pupes et les
larves des premiers stades aient 6t6 6cart6s, les crabes
ont 6t6 places dans des cages en plastique de 7,5 cm de

long et de 15 cm de diametre, ferm6es 'a une extremite
par une fine gaze et a l'autre par une grille a larges trous
egalement en plastique. Dans chaque cage, le nombre de
crabes 6tait suffisant pour que 25 larves de S. nyasa-
landicum soient presentes.

L'exposition aux insecticides a et6 faite en plarant les
cages, la gaze 6tant a la partie inf6rieure pour empecher
la chute des larves, dans des r6cipients contenant la
solution d'insecticide; Apres une p6riode d'exposition
de 30 minutes, les cages ont ete lavees puis plac6es dans
des cristallisoirs, la grille a larges trous 6tant cette fois
a la partie inf6rieure pour que les larves d6tach6es
tombent au fond du cristallisoir. Les larves du complexe
S. neavei n'exigent pas une circulation d'eau aussi rapide
que celles de S. damnosum, mais une aeration suffisante
qui leur a et6 foumie pendant toute la dur6e de l'op,ra-
tion.

Le nombre de larves mortes, moribondes et vivantes
a ete valu apres 24 et 48 heures et des tableaux indiquent
les resultats pr6liminaires obtenus avec le DDT et le
fenthion. L'auteur discute certains problemes relatifs a
cette experimentation.
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