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Culture Methods for Diptera Using Running
Water as a Larval Habitat

R. C. MUIRHEAD-THOMSON 1

It has long been known that many insect vectors
of disease use rivers, streams and other running water
as larval habitats. Two widely distributed anopheline
vectors of malaria in the oriental region-Anopheles
minimus and A. maculatus-are well known for their
preference for streams, seepages and grassy-edged
drains. In addition many mosquitos utilize perennial
streams and rivers as dry-weather larval habitats
when the normal stagnant pools, ponds or swamps
dry up. Under these conditions it may be possible
to find a dozen different species of Anopheles breed-
ing at one time along the edge of perennial rivers.
However, a closer examination of this situation

shows that in fact the stream-breeding anophelines
are mainly confined to those micro-habitats of the
stream where there is little, if any, flow or movement
of water-usually in a well-protected zone among
the grass or vegetation fringing the stream. Their
larvae do not possess any special physiological
adaptations for living in flowing or turbulent water,
and in general the difficulties encountered in cultur-
ing such species in the laboratory are no greater than
those met with in many species restricted to still-
water habitats.

In contrast, the larvae of Simulium are in a very
different category, as most of them exhibit special
adaptations for living in fast-flowing, turbulent
water. Their habits have attracted a great deal of
attention in many northern countries where adult
blackfly are pests of man and livestock. However,
the main public health importance of these insects is
determined by the role of certain species as vectors
of human onchocerciasis in tropical Africa and
countries of Central America.

METHODS OF REARING BLACKFLIES

A vast amount of work has been done in different
countries on the very difficult problem of rearing
blackflies and maintaining them in the laboratory.
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The different techniques that have been used to deal
with various aspects of the problem are set out
below.

Methods for maintaining wild-caught larvae long
enough to enable pupation to take place in confine-
ment leading to successful emergence of adults
Methods dependent on the artificial isolation or

diversion of the natural larval habitat. In its simplest
form this method consists essentially ofisolating part
of the breeding stream, or an artificial diversion, in
a channel with continuously flowing water, this
channel being screened in the lower section of the
cage (Fig. 1). This method was used in the classical
investigations in Guatemala by the Harvard expedi-
tion, 1931-32 (Strong et al., 1934). The object of
their work was to obtain large numbers of adults for
experimental purposes. No egg batches were in-

FIG. 1
BREEDING CAGE USED FOR THE STUDY

OF EARLY STAGES OF SIMULIIDAE IN GUATEMALA
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FIG. 2
APPARATUS USED FOR REARING AQUATIC STAGES

OF SIMULIUM VENUSTUM
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Wvi 3382 A Overflow from aquarium
B Siphon
C Packer jar
D Rubber stopper
E Runoff board
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troduced into the cage, and the complete egg-to-
adult cycle was not aimed at. The same general
methods have also been used in Central America by
Hoffman (1930) and Dalmat (1955).
A further perfection of essentially the same prin-

ciple is the introduction into the screened cage of
batches of Simulium eggs from the natural larval
habitat, attached to twigs or vegetation. This has
recently been done very successfully with S. damno-
sum in West Africa by Marr (1962). In this case the
supply of egg masses was supplemented by suspend-
ing trap sticks from a rope stretched across narrow
gaps in the river rapids.

Methods dependent on continuedflow offresh water
pumped or replacedfrom a natural site. This was the
method used successfully by Hartley (1955) for
rearing S. venustum from eggs to adults. Fresh
water was continuously pumped from a lake into an
aquarium, and then run off by means of a siphon
into 4-ounce packer jars (Fig. 2). Egg masses,
usually on grass blades, were suspended in the
stream of water in the packer jars. Egg masses were
introduced, hatched and developed to produce
adults eventually in 20-25 days at 60°-70°F (15.5°C-
21.10C).

In this category is the method used by Wright
(1957) in attempting to rear S. damnosum in West
Africa. River water in a large aquarium tank was
circulated over an inclined trough of corrugated

asbestos by means of a water-circulating pump
arranged so as to produce maximum aeration (see
also Thomas, 1946). Egg masses of S. damnosum
attached to vegetation in natural larval habitats
were introduced into the trough. Water in the tank
was replaced at frequent intervals by fresh river
water in which the plankton and suspended matter
had been concentrated about 500 times by filtering
through fine plankton netting. Eight pupae (produc-
ing seven adults) were finally obtained from about
10 000 eggs.

Methods based primarily on agitation of the water
in the laboratory rearing vessels by means ofa stream
of air bubbles (Puri, 1925; Wagner, 1926; Muirhead-
Thomson, 1957; Doby et al., 1959). The use of a
stream of air bubbles from an aerator in order to
produce both water agitation and oxygenation has
been the most widely used approach. Two recent
refinements of this method are noteworthy. Muir-
head-Thomson (1957) 1 used this method for rearing
large numbers of adults from wild-caught Simulium
larvae in West Africa, the United Kingdom and
Southern Rhodesia.
By directing the fine stream of air bubbles against

the side of the container or against a glass plate,
which could be moved to a fresh container if
necessary (Fig. 3), larvae were induced to migrate
from masses of vegetation introduced into the con-
tainer from their habitats, thus allowing for later
removal of the vegetation before it exercised any
polluting effect. In this way larvae could be kept in
the same water for a period of at least three to four
days-long enough to use this method as the basis
of a standard method for testing insecticides, and
also long enough to enable large numbers of adult
blackflies to be reared out.
The same essential principle has been used very

successfully by Doby et al. (1959) for rearing several
species of European Simulium from egg to adult. By
strict observance of the toxic effects of pollution and
of excretory products in the rearing vessels, and by
close attention to the most suitable type of nutrient
medium and temperature conditions for the larvae,
the technical refinements of these authors held out
the greatest promise for wider application.

Methods of obtaining Simulium eggs
Collections from natural sites. As mentioned

above, several workers have been able to obtain

1 Muirhead-Thomson, R. C. (1962) A laboratory tech-
niquefor testing the reactions ofSimulium larvae to insecticides
(unpublished WHO working document).
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FIG. 3
REARING TEST CHAMBER FOR SIMULIUM LARVAEa
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a Simulium larvae (attached to vegetation collected In
natural breeding-places) are induced to migrate from the
vegetation to the glass plate on which the air jet Is directed.
The glass plate with larvae attached Is then quickly changed to
a similar test chamber of clean water in which a continuous air
let produces a stream of air bubbles passing over the larvae
throughout the entire period of the test.

regular supplies of egg batches from streams for the
initiation of their laboratory cultures.

Induced oviposition. With one or two exceptions,
natural oviposition of Simulium does not occur
readily in confinement; two artificial methods,
however, have proved promising.

(a) Induced oviposition by CO2 anaesthesia
(Dalmat, 1950).

(b) Oviposition induced by decapitation: decapita-
tion-initiated oviposition has been obtained with
Aedes mosquitos (de Coursey et al., 1952) and
crane-flies (Chiang et al., 1962) and has been used by
Lewis et al. (1961) with S. damnosum in West Africa.
Gravid females were decapitated and placed in water
in a tube. Viable larvae were obtained from the
eggs laid, but further rearing from this progeny was
not attempted.

Bloodfeeding of Simulium adults in captivity
The difficulty of persuading Simulium females to

take a blood meal in captivity has long been re-
cognized and it applies both to wild-caught females
and to those bred out in the laboratory. Most
observers have had very little success with exposing
(human) bait in large cages full of Simulium adults.

In a large outdoor cage, however, Marr (1962) was
able to obtain an unusually high number of bites
from S. damnosum by using a fly-boy volunteer in
such a way that one leg and one arm rested against
netting at the side of the cage where the sun was
striking, attracting most of the flies.

In attempted force-feeding in glass vials in the
laboratory, Muirhead-Thomson (1957) obtained
very many more failures than successes (sufficient of
the latter, nevertheless, to infect laboratory-reared
blackflies with Onchocerca volvulus). The method,
however, was much too tedious for general use and
did not provide any pointer to the factors conducive
to feeding in captivity.'

Mating in captivity.

There appears to be no record of successful
mating and fertilization of Simulium in captivity.1

DISCUSSION AND RECOMMENDATIONS

There are clearly many obstacles to be overcome
before the continuous culture of Simulium-in-
dependently of regular field supplies-can be estab-
lished in the main research centres. There is a real
challenge here in which some features appear to
demand prior attention. The great difficulty in
persuading laboratory-bred females to take a blood
meal is a major obstacle, and in this connexion it
may be worth following up Dalmat's (1950) observa-
tion that females anaesthetized with CO2 may bite
readily on recovery.
The problem of fertilization in captivity may

eventually yield to one or other of the new artificial
techniques for induced mating. More prolific
supplies of eggs may perhaps be obtained by a vigo-
rous follow-up of the decapitation-induced oviposi-
tion technique.
With regard to successful rearing from egg to adult

in the laboratory, a considerably reduced mortality
must be achieved before any of the present promising
techniques can be developed to the greatest ad-
vantage. Further research-possibly along the
experimental lines developed by Phillipson (1956)-
on the still unresolved ecological significance of
torrential water will be necessary to decide the
extent to which the factors of water movement and

1 Since this paper was prepared, considerable success in
overcoming these obstacles in the laboratory has been
reported by Wenk (1963), who has found that Boophthora
erythrocephala can be induced to blood feed, to mate and
to lay viable eggs in captivity.



482 R. C. MUIRHEAD-THOMSON

oxygenation determine the habitat, and perhaps
provide the key to successful culture. As Macan
(1961) has pointed out, certain running water inver-
tebrates with a high oxygen demand may be confined

to this habitat not so much because of the actual
concentration of 02, but because the flow makes
available more 02 than could be obtained from the
concentration in still water.
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