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Maintenance of Laboratory Colonies of
Anopheles Mosquitos

MARIO COLUZZI 1

The maintenance of laboratory colonies of
Anopheles mosquitos entails different difficulties and
necessities according to the species. Certain species
and even groups of species of this genus show a high
degree of ecological specialization involving essential
and complex biocoenoses difficult to reproduce in
the laboratory. Nevertheless, it is generally possible
to adapt anopheline vectors to artificial environ-
ments with their natural vitality little affected.
Over the last few years there have been great

advances in anopheline breeding techniques thanks
to the intensive research associated with both
insecticide-resistance and mosquito genetics. One of
the most efficient existing insectaries is that designed
by Davidson and his staff in the Ross Institute and
described by de Meillon et al.2
A technique largely inspired by that of Davidson,

although not completely comparable with it, is used
in the Monticelli Experimental Station for Medical
and Veterinary Entomology in Frosinone, Italy.
The few modifications adopted are intended to
eliminate certain environmental variables (particu-
larly in larval rearing) and to make the procedure
easier and the yield more homogeneous.
The following species of Anopheles have been

successfully maintained in the Monticelli laboratory:
A. stephensi, A. albimanus, A. gambiae s.l., A. atro-
parvus, A. superpictus, A. labranchiae and A. sacharovi.
The last three species have been maintained using
the induced copulation technique.

ADULT MAINTENANCE

The maintenance of appropriate temperature and
humidity conditions is prerequisite to the successful
maintenance of adult mosquitos. Temperatures

' Istituto di Malariologia " Ettore Marchiafava ", Sta-
zione Sperimentale di Entomologia Medica e Veterinaria,
Monticelli, Frosinone, Italy.

2Insectary Management. In: Meillon, B. de, ed. (1961)
A practical guide for malaria entomologists in the African
region of WHO (unpublished WHO manual).

ranging from 26°C to 30°C with 60 %-80% relative
humidity assure good vitality for most tropical and
subtropical anopheline vectors. Such an environ-
ment is easily and economically sustained only in
regions with temperate climates and in premises not
greatly affected by external climatic variations. An
air-conditioning unit, besides being essential in
many cases, always provides the most satisfactory
solution.

Light conditions may considerably affect both
mating and adult vitality, both of which seem to be
encouraged by darkness. Hence it is advisable to
keep adults. away from light for as long as possible.
Repeated mosquito transference from darkness to
light each day must also be avoided.

Size and shape of the cage were considered factors
of great importance in connexion with anopheline
mating. Cages of rather large size (60 x 60 x 80 cm)
were used while, for the stenogamous species, cages
of one cubic foot (30 x 30 x 30 cm) proved more
convenient and in no way reduced mating capability.
A good standard cage is a 25 cm cubic metal frame
over which mosquito netting is stretched and fixed
at the base of the frame by means of a rubber band.
In each of these cages more than 1000 mosquitos
may be safely kept, although in day-to-day breeding
it is not usual to keep more than 500. Cages smaller
than the standard one (or paper cups closed with
mosquito netting) are used for strains maintained
with the induced copulation technique.

In order to secure high adult vitality and mating
capacity, it is essential to supply both males and
females with a suitable sugary diet. Honey or jam
solutions give satisfactory results as substitutes for
natural dietary substances. A simple 10% sucrose
solution can also be successfully used, although
glucose has proved less suitable. The sugar solution
must be supplied without interruption (especially
during the first days) by means of soaked filter-paper
or cotton wool. For this purpose a particular type
of canary trough has been found very efficient. It
consists of a main tank and a side-cup, into which
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a piece of filter-paper is inserted. The liquid in the
cup maintains its level until the supply in the tank
is exhausted. It generally suffices for upwards of a
week.
As regards the blood meal, laboratory animals

may almost always be used with good results.
Usually, anopheline vectors showing a preference
for human blood (e.g., the A. gambiae group) can
be induced to feed on guinea-pigs as well. The most
practical means of keeping guinea-pigs quiescent is
by anaesthetizing them with pentobarbital solution
injected intraperitoneally. The animal is then laid
on top of the cage, mosquitos thus being permitted
to feed on it through the netting. A human arm is
an alternative when maximum adult vitality is
required.

Anophelines will usually oviposit on a wet surface
as readily as on water. The use of damp filter-paper
embodies considerable advantages, facilitating later
manipulations and eventual egg-counts. Small
plastic cups 7 cm in diameter are used as receptacles
for the eggs. Each cup is provided with an absorbent
paper disc as a means of providing the desired
humidity conditions, a filter-paper disc being laid
upon this. A similar procedure may be followed with
small test-tubes for single ovipositions.

LARVAL REARING

Eggs are left on the filter-paper for at least
24 hours, and the plastic cups are put into hermeti-
cally sealed boxes where humidity is easily kept at
the level of saturation. If eggs hatch under such
conditions, the resultant larvae suffer no injury.
They may live on the damp paper surface for three
days or more. Generally, however, a piece of filter-
paper bearing the desired number of eggs is put into
water a few hours before the eggs hatch. This
procedure offers the advantage of preventing a
portion of the eggs from sticking to the walls of the
bowl and thus becoming desiccated before hatching.
It is viewed as better for this purpose than the use
of floating rings of wax-paper surrounding egg-
batches.
A white polyethylene bowl, with an upper dia-

meter of 34 cm, a lower one of 28 cm and a depth
of 11 cm, is used for rearing larvae. This container
is filled with about 2500 ml of well or tap water,
mixed with sea water when a brackish medium is
necessary. In such a volume, corresponding to a
depth of 3-4 cm, it is possible to rear up to 650
A. gambiae and up to 800 A. stephensi without
significant larval mortality. The best larval and

adult vitality result from having 300-400 larvae per
bowl. Low densities (less than 100 per bowl) raise
some problems because of the possible formation
of scum on the water surface. Food dosage becomes
harder to assess, too, at low larval densities.
Food standardization is one of the most difficult

problems connected with anopheline larval rearing.
In the Ross Institute and some other laboratories,
in addition to supplying artificial food, a piece of
grass turf about 25 cm2 in area is placed in the centre
of the bowl. Inevitably this means introducing many
uncontrollable variables in the larval environment
and it considerably increases the parasite danger.
Nevertheless, it is possible to rear many species,
including A. gambiae, on artificial food alone. Un-
fortunately, as we lack adequate data on anopheline
nutritional requirements, it is necessary to supply
the larvae with diets prepared for other animals,
e.g., dog biscuits or proprietary grain foods such as
Bemax or Farex. A food of this type (Lievito Diete-
tico Buitoni) is currently used in the Monticelli
insectary with satisfactory results. The composition
of that product is: proteins 47.0%, lipids and lipoids
1.6 %, carbohydrates 35.0 %, mineral salts 8.0%,
water 8.4%. Additional ingredients are glutathion
and vitamins (mainly of the B group). A mixture
of equal parts of this food and bran is given daily
except on the first day. A controlled culture of
unicellular organisms (Chlorella vulgaris or Chlamy-
domonas), although not indispensable, is usually
added.
The amount of food to be supplied depends of

course on the number and stage of the larvae. An
excess of food normally results in the proliferation
of saprophytic bacteria, protozoa and fungi, and it
should be borne in mind that a low density of these
organisms is generally more favourable for many
Anopheles mosquitos. However, experience is held
to be better than any rule in adopting feeding
procedures.
Temperature and light play outstanding roles in

larval growth. In almost all insectaries water tem-
perature is controlled in accordance with the
constant room temperature, light being regarded as
a less important factor. In the Monticelli insectary
light is strictly controlled, and the daily temperature
variation is kept to the order of about 2°C. The
rearing bowls rest upon prefabricated metal shelves,
each of which is furnished with a series of lamps
housed in metal reflectors. Each bowl is put beneath
a reflector so that the water surface is about 12 cm
distant from an incandescent lamp supplying not
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only light but a certain amount of heat, these two
factors being governed by the power and type of the
lamp. When the room temperature is kept at 27°C,
and a 15-watt lamp is used, the larvae experience
temperatures ranging from 270 to 29°C and attaining
as much as 31°C at the water surface. An electric
device connected with a clock automatically switches
the light on and off with a normal ratio of 10 hours
(day) to 14 hours (night). The conditions outlined
have proved very suitable for the freshwater forms
of the A. gambiae complex.
As to pupal extraction and adult emergence,

selection by hand with the usual larval pipette is too

time-consuming. When the larval cycle is short
enough and rearing is very carefully conducted,
almost all the larvae pupate within two days. Mass
extraction is thus possible, and is especially suitable
for very large-scale work. The mechanical pupa
separator of Fay & Morlan' gives generally satis-
factory results with Anopheles mosquitos. Adult
extraction by means of an aspirator is also perfectly
adequate. For this purpose each bowl is covered
with mosquito netting and adults are transferred to
the cages on the morning following emergence.

1 Fay, R. W. & Morlan, H. B. (1959) Mosquito News,
19, 144.


