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Problems Connected with Raising Mosquitos
in the Laboratory*

JAMES B. GAHAN 1 & CARROLL N. SMITH 2

Investigators engaged in research on mosquitos
often find their work can be greatly eased by estab-
lishing laboratory colonies of the species under
study. Since weather conditions vary from day to
day there are few, if any, places where mosquitos are
continuously available in the field or where accurate
predictions can be made of the time at which infesta-
tions will occur. Even if such places could be found,
much of the entomological information needed is
extremely difficult to collect under field conditions
because of the many variables that cannot be con-
trolled. The surest and cheapest way to make
certain that a supply of mosquitos with a known
history will be continuously obtainable is to raise
them under controlled laboratory conditions.
However, establishment and maintenance of such

colonies are not always easy and the problems con-
nected with colonization will vary with the species
being used. This paper covers principally the
difficulties encountered in establishing and raising
strains of Anopheles quadrimaculatus, Aedes aegypti
and Aedes taeniorhynchus at the Insects Affecting
Man Laboratory of the US Department of Agricul-
ture in Florida. Results of other investigators will
be referred to only when their work has some
relationship to problems affecting the rearing or
maintaining of our colonies.
One of the most difficult problems encountered

with species that do not adapt readily to laboratory
culture is getting the adults to mate and lay fertile
eggs in captivity. No difficulty of this type has been
encountered with Aedes aegypti, but Anopheles
quadrimaculatus and Aedes taeniorhynchus have been
less adaptable. Gravid females of A. quadrimacula-
tus collected from infested buildings lay fertile eggs
in the laboratory, but adults of the F1 generation do
not mate readily. The strain of A. quadrimaculatus
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maintained by the US Department of Agriculture
was obtained originally in 1942 from Dr Mark Boyd
of the Rockefeller Foundation. Although it has been
reared successfully during 32 years, Boyd (1932) had
considerable trouble in getting the colony started.
During the past eight years we have made numer-

ous attempts to start new strains of this species.
Adults were collected from the field throughout the
central part of Florida, but each effort failed because
the F1 generation of adults would not mate in the
screen cages measuring 30 x 30 inches x 25 inches
high (75 x 75 x 62.5 cm). In 1956 and 1957, Wein-
burgh & Fay (1960), also failed to establish a dieldrin-
resistant colony of A. quadrimaculatus from adults
collected in the vicinity of Cleveland, Miss. But in
1958, when they tried again, they were successful.
We had the same difficulty in our initial attempts

to colonize A. taeniorhynchus. After numerous
failures, we obtained several hundred viable eggs
from one group of F1 progeny. Since that time each
generation has produced fertile eggs and the colony
has gradually increased in size.

Determination of the factors affecting the mating
of A. quadrimaculatus in the laboratory is difficult,
since this species is usually inactive until dusk and
its movements cannot be observed easily. However,
a few observations of mosquitos held in a box in
which the light intensity could be controlled showed
that those from the colony reared in the laboratory
for many years were active at the time when a light
intensity equal to that at dusk was programmed.
They were seen mating in the air, but swarming was
not a necessary preliminary to copulation. Some-
times coition was completed in flight, but at other
times both mosquitos fell to the bottom of the cage
and completed the act. When the F1 generation
from the field-collected adults were exposed to the
same light intensity, they either spent their time
trying to escape or sat quietly on the sides of the
cage and, if disturbed, flew a distance of only one
to two feet (30-60 cm). They made no attempt to
mate.
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We believe that only a minute proportion of
A. quadrimaculatus in the natural population will
adapt to living under laboratory conditions. In
establishing a colony, field collections must be con-
tinued until a few specimens that will adapt are
obtained. If progeny of these few individuals can be
reared for several generations, a strain that will
thrive under laboratory conditions may eventually
be selected. It must be realized, however, that the
colony will have been established with abnormal
insects that may react differently, under some condi-
tions, from the largest part of the population present
in natural habitats. For this reason, some care must
be exercised in using laboratory conclusions to
predict results in the field.
The location of the adult holding cage has also

proved to be an important consideration in getting
A. taeniorhynchus to mate. When the cage is placed
in front of a window or a lighted chamber where the
light intensity increases or decreases gradually, no
difficulties are encountered; but if it is kept in a part
of the room that does not experience twilight, the
number of fertile eggs obtained is greatly reduced.
There are numerous sizes and shapes of cages that

are suitable for confining adult mosquitos. Most of
them are satisfactory as long as they are tight
enough to prevent the insects from escaping and
large enough to allow unrestricted mating. Since
such a variety of cages is available, the type em-
ployed may vary from one laboratory to another.
Most investigators use screen covering for their
cages to permit light to enter and air to circulate.
In our laboratory we prefer cloth sleeves over the
cage entrances. These sleeves allow fewer adults to
escape into the room than does a sliding or hinged
door.
No difficulty has been experienced in getting

adults to eat in captivity. All three species in our
laboratory will feed readily on the blood of rabbits,
guinea-pigs or man during the daylight hours as
well as at night. Since nectar forms a part of mos-
quito diets under natural conditions, a Petri dish
containing honey is always kept in the cages wXih the
adults. The dish is covered with a screen wire that
prevents the mosquitos from getting stuck in the
honey. The presence of some food, such as honey,
sugar solution, or fruit juices, has been found essen-
tial to keep the males alive since they die within
24 to 48 hours if given only water. A. quadrimacula-
tus brought in from the field, however, are reluctant
to change from the diet to which they have been
accustomed.

The method of collecting eggs must be varied for
different species. Anopheline mosquitos lay their
eggs singly on the surface of water introduced into
the rearing cage in a glass or enamelled pan. Many
species of Aedes, on the other hand, normally lay
their eggs on damp objects just above the level of
the water. We collect the eggs of Aedes aegypti
from damp filter-paper used to line glass beakers
half-filled with water. Females of Aedes taenio-
rhynchus lay more readily on damp Sphagnum moss
than on paper, so a pan partly filled with these plants
and water is kept continuously in the adult breeding
cage. The eggs of Aedes aegypti and Aedes taenio-
rhynchus are removed from the cage and dried for
at least three or four days before being used.

Since Crowell (1940) discovered that ground dog
biscuits were a better larval diet than hay infusion,
these biscuits have been used extensively as larval
food. Although the many brands available vary in
their constituents, they contain a large number of
chemicals known to be essential for animal life and
to furnish nutrients that assist in the development
of bacteria, algae, protozoa, and other micro-
organisms eaten by the larvae. All our species are
reared on this food.
Very little difficulty has been experienced with the

larvae of Aedes aegypti and Aedes taeniorhynchus,
which appear to be quite adaptable to laboratory
rearing. The principal precaution necessary is to
make certain that a sufficient supply of dog biscuit
is available to provide for larval growth but not
enough to cause an oily film to develop on the surface
of the water.
As these species spend most of their time below

the surface of the water and will feed on the bottom
of the container, the dog biscuits can be used in the
form of fragments rather than as ground powder.
As they are consumed, other fragments should be
added. Since this method of feeding was initiated
the breeding water has remained much cleaner than
when ground material was used.
The larvae of A. quadrimaculatus are much more

difficult to rear than those of the other species.
Because they are surface feeders their food is ground
into a fine powder and kept dry until added to the
breeding container. If ground sufficiently fine the
small particles will remain on the surface of the water
for several hours. So as to assist larvae in obtaining
food that does sink, the water level is kept shallow
enough to permit the larvae to reach the bottom of
the pan without losing contact with the air. At the
present time our colony of A. quadrimaculatus is
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being fed once or twice a day on a mixture consisting
of 90% ground dog biscuits and 10% yeast.
No specific instructions can be given to help other

investigators to determine the quantity of food that
should be fed to A. quadrimaculatus larvae on any
specific occasion. Only small amounts should be
used during the first instar and there should be a
gradual increase as the larvae mature. However, the
quantity needed from one day to another varies so
much that the technicians must learn from experience
how to regulate amounts. If too much food is used,
the water becomes so contaminated with bacteria,
algae, and debris that many of the larvae die; if
insufficient food is available, cannibalism or stunting
occurs. During periods when larvae temporarily
lose their appetite the addition of normal amounts
of food can cause an excess to accumulate in the pan.
Until more is learned about the factors that control
the appetite of A. quadrimaculatus larvae the success-
ful maintenance of a colony will depend largely on
the skill and industry of the persons who rear the
insects.

Proper evaluation of the importance of larval
mortality varies with the number of mosquitos
needed. If a colony is being reared to obtain speci-
mens for demonstration purposes or to conduct only
occasional tests, a larval mortality rate of 25 %-50%
may be unimportant, since enough survivors will
remain to fulfil the needs. If, however, an extremely
large number of adults were necessary, as would be
the case if the sterile-male technique were being
evaluated in a large-scale control programme, loss of
even 10% of the production might be a serious
matter.

Pupation of A. quadrimaculatus is usually spread
over a period of one week or longer. When large
colonies are involved pupae must be removed from
the rearing pans at daily intervals to prevent the
emerging adults from escaping into the room. On
some occasions, when our technicians are extremely
busy, separation is accomplished by pouring the
water in the rearing pans through the pupa selector
developed by Fay& Morlan (1959). The pupae of this
species are so delicate that this treatment frequently
injures many of the insects and they die without
emerging as adults. When not pressed for time our
technicians transfer the pupae individually with a
large medicine dropper or pipette. This procedure is
laborious and often takes more time than all other
activities connected with the rearing combined, but
an experienced worker can transfer about 2000
pupae per hour without injuring them. When dishes

holding the pupae are added to stock cages that
already contain adults, the older mosquitos will lay
eggs in the containers. The dishes must therefore be
covered with wire cones that permit the emerging
adults to escape into the cage but prevent the gravid
females from reaching the water. The cones are not
needed when the pupae are placed in empty cages
because emergence is completed before egg laying
starts. No problems are encountered in separating
pupae of Aedes aegypti and Aedes taeniorhynchus
for the pupa selector does an excellent job and
causes only minor injury. Since these species do not
lay directly on water surfaces, the cones used in the
emergence cages for Anopheles quadrimaculatus are
not needed.
Temperature and humidity must be kept within

reasonable ranges if a colony is to remain alive and
active. Temperatures that are too low prevent larval
development, but those that are too high cause
mortality. Muirhead-Thomson (1940), found that
temperatures of 40°-45°C (104'-I13'F) could kill
fourth-instar larvae of the several species of Anophe-
les he studied. In studies conducted by Huffaker
(1944), the optimum temperature for A. quadrimacula-
tus was found to be about 31°C (87.80F) and the
threshold of development about 7°C (44.60F).
Although mosquitos develop more rapidly at high

than at low temperatures, Galliard & Golvan (1957),
showed that fourth-instar larvae of Aedes aegypti
increased in size as the temperature was decreased,
even though the development time increased. They
concluded that the temperature should be kept
below 20°C (680F) to obtain large adults since
slower development favours growth when the diet is
rich in protein. They also found dog biscuits an
adequate diet at high temperatures, but quite in-
adequate at low temperatures. Bar-Zeev (1958)
reported that the threshold of development for
A. aegypti was between 9°C and 10°C (48.2°F and
50°F) and that the highest and lowest temperatures
that permitted development from newly hatched
larvae to adults were 36°C and 14WC (96.8°F and
57°F), respectively.
The adults also respond to changes in temperature.

Although they can stand wide variations they tend,
other factors being equal, to inhabit places that
approach their optimum. We observed that Anophe-
les quadrimaculatus resting in buildings remained
close to the warm roof on cool mornings, but moved
gradually down the wall as the daytime temperatures
increased. Mitzmain (1916), found that the optimum
temperatures for feeding by A. quadrimaculatus
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ranged from 28°C to 30°C (82°-86°F), whereas Hess
& Crowell (1949) reported that adults in the field
can feed at temperatures as low as 18°-24°C (64°-
75°F). It is well known that adults of this species can
withstand low temperatures, since they spend the
winter in this stage. In contrast, Aedes aegypti is
very susceptible to cold. All rearing rooms in our
laboratory are maintained at 26.5°-29.5°C (80-
850F).

If adults are to be kept alive for more than a few
days, some humidity control is necessary. Even in
a climate as damp as that of Florida, the installation
of humidifiers has helped considerably in prolonging
the life of the species we have been rearing. Trembley
(1955), contended that adult mosquitos will accom-
modate themselves more readily to a rise in tem-
perature than to a decrease in humidity. She also
contended that humidities above 80% can be as
disastrous as low humidity, because the wings of the
insects become soaked and stick to the sides of the
cage. A moderate relative humidity between
50% and 60% was excellent for the species she
raised. Pal (1943) reported that temperature and
humidity must be considered together. In his studies
with Anopheles culicifacies Giles, he found that a
saturated humidity was favourable if the temperature
remained low. However, at temperatures as high as
250-300C (780-860F), survival at a relative humidity
of 60% was appreciably longer than at 20%, 40%,
80% and 100%. We maintain a relative humidity
between 70% and 80% in the three rooms where our
mosquito colonies are reared.
A major problem with laboratory-reared colonies

in recent years has been contamination with toxic
chemicals. Most cities use chlorine in their water
systems to destroy disease organisms and some are
now introducing fluorides to protect the teeth of the
public. If either of these chemicals is used in an

excessive amount, it can be toxic to mosquito larvae.
As a precautionary measure we normally use water
collected from a spring; but if we find it necessary
to employ tap-water we boil it before use to eliminate
much of the chlorine. The boiling will not destroy
the fluoride, however. Distilled water is, of course,
free from contamination.

Insecticides that have been used for ant control in
rearing rooms have damaged mosquito colonies.
Some of the newer materials are sufficiently volatile
to kill by vapour toxicity. Chemicals that have been
sprayed on table-legs or walls have caused contamina-
tion of rearing equipment when these treated surfaces
were touched by one or more individuals working
with a colony. The safest method of keeping ants
away from adult cages or larval containers is to move
all tables away from the walls and place the table
legs in pans containing water or a finely ground
pyrophyllite powder.

It is becoming increasingly difficult to establish
colonies from field-collected mosquitos that have
acquired no resistance to insecticides. In areas
where control programmes have been conducted
regularly, most of the important species have
developed some resistance to one or more insecti-
cides. Other strains, breeding close to large farming
areas with no mosquito-control programme in
operation, have been subjected to some selection
because the adults contacted plants treated to kill
leaf-feeding insects. Even colonies reared for many
years in the laboratory without intentional exposure
to insecticides may develop some resistance because
the grain products in dog biscuits fed to the larvae
sometimes contain residual deposits of insecticides.
The Orlando strain of A. quadrimaculatus, reared in
captivity for 21 years, is now 100 times more resist-
ant to dieldrin than it was during the early part of
the 1940s.
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