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Laboratory Cultivation of Sandflies
(Diptera: Phlebotominae)

V. M. SAFYANOVA 1

The maintenance of large laboratory colonies of
sandflies is necessary for the experimental study of
their biology, behaviour and mutual relations with
disease agents and for the testing of new methods of
vector control.

Laboratory studies of the metamorphosis of
Phlebotominae have been made by many investi-
gators, the majority of whom have maintained their
colonies under hot-climate conditions in India,
Middle Asia, the Caucasus, the Crimea, Mediter-
ranean countries, Central America and elsewhere.

In the USSR, investigations involving the labora-
tory cultivation of sandflies have been undertaken
and continued during the past 40 years. The meta-
morphosis of many species of Phlebotominae has
been studied: Phlebotomus papatasi P. sergenti,
P. caucasicus, P. mongolensis, P. chinensis, P. tobbi,
P. kandelakii, Sergentomyia arpaklensis and S. grae-
covi. This paper, however, is not an exhaustive
review of the subject and although several workers
are mentioned by name it is felt inadvisable to burden
the text with numerous bibliographical references.

CONDITIONS FOR LABORATORY CULTIVATION

The chief conditions for the cultivation of the
different species of sandflies of the USSR fauna are
as follows:
The best foods for the larvae are decomposed

organic substances: excrement of different animals-
rabbits, sheep, goats, lizards, birds and others. Some-
times garden soil, animal blood or decomposed leaves
are added. According to our data the best results are
achieved by using a rearing medium proposed by
Petrisceva in 1940. This is a mixture of equal parts
of finely-ground animal excrement and leaves of
various plants. Before being ground, the faecal
material is autoclaved. Moderately moistened med-
ium is kept aside for " ripening " in a closed jar
up to several months (not less than 30-45 days at a
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temperature of 250 C-30° C). Periodically the medium
has to be stirred. When ready, the breeding medium
resembles a dark-brown, soft, friable humus without
any mould.
Although black mould infestations are destructive

for sandfly cultures, a small quantity of white mould
has practically no deleterious effect on larval develop-
ment. Experience has shown that different foods can
be used for sandfly larvae. For example, Petri'seva
showed that metamorphosis of sandflies can take
place following feeding with plant leaves alone.
Parrot, Donatien and Lestoquard, and Nitulescu
and others, have reported similarly. Najera recorded
the ability of sandfly larvae to feed on moistened
filter-paper, on which their emergence from deposited
eggs had taken place.
The maintenance of a moderate degree of humidity

in the rearing medium is a major prerequisite for
successful sandfly culture. Young larvae (first to
third instars) are particularly sensitive to the drying
of the medium. It should be noted that a surplus of
water in the rearing medium also causes larval
mortalities.

Different methods for moistening the medium have
been proposed. Usually, wet layers of sand or cotton
are placed on the bottom of the vessel to be used for
sandfly culture; the rearing medium is loosely spread
on top. Female sandffies lay eggs on the surface of
the medium. If the eggs have been deposited on
filter-paper in the separate vessels (for example, as
is necessary for counting egg yields) they are then
transferred on to the rearing medium so that the
surface of the paper bearing eggs faces downwards.
The vessels with sandfly eggs are closely tied round
with oiled cloth or other waterproof material. The
insects often complete their development without
additional moistening of the medium.
Optimum rearing temperatures vary among dif-

ferent species of sandflies. However, it can be said
that the most favourable temperature for the develop-
ment of sandflies is between 250 C and 30° C. Tem-
peratures reaching 310 C-32° C usually oppress sand-
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fly larvae, slowing down their development and
destroying them. According to the data of many
authors working with these insects in Middle Asia,
the larvae are rather resistant to low temperatures.
In experiments described by Codukin in 1927 the
larvae of Phlebotomus papatasi tolerated -24° C
for 24 hours; in those of Petrisceva, larval sandflies
withstood -6° C for three days.

Sokolov and Tarwit found the lower limit of
the temperature range for winged sandflies to be
-8° C.
Temperature and humidity are factors closely

related to each other and the duration of metamor-
phosis is conditioned by them. Thus, in Theodor's
experiments the larvae of P. papatasi lived at a
temperature of 410 C-42° C under conditions of
high relative humidity (95 %-100 ) When the
relative humidity was lowered to 85 %, however, the
highest temperature tolerated by the larvae fell to
390 C-400 C.
There are numerous data on the duration of meta-

morphosis in the laboratory for the chief species of
Phlebotominae of the USSR fauna: P. papatasi
(many authors), P. caucasicus and P. sergenti (Kama-
lov, todukin, Lisova and others), P. chinensis
(Lisova), P. kandelakii (Dergatcheva), S. arpaklensis
(Safyanova).

It was noticed that the increase of temperature to
the optimum stimulated shortening of the duration
of metamorphosis. On the contrary, under low
temperature conditions sandfly metamorphosis
slowed down detectably.
From personal experience, the development of

P. papatasi from the first larval stage to the imago
lasts 49 days at temperatures of 250 C-28° C, and
84 days at temperatures of 230 C-24° C.
The presence or absence of a hereditary-condi-

tioned diapause of insects determines the peculiarities
of their laboratory cultivation and particularly the
possibility of continuing to obtain quantities of
material during the winter.

It is known that Palaearctic species of sandflies
hibernate as fourth-stage larvae. They can be pre-
sumed to have a winter diapause. Thus Dolmatova
believes that temperatures limited by an optimum of
240 C-30° C do not exclude the diapause of P. papa-
tasi. Decrease in temperature only accelerates its
onset. I have observed that the autumn larvae of
P. papatasi demonstrate resistance to the stimulating
action of high temperature. If exposed to high
temperatures in the autumn only a portion of the
sandflies develop wings, the rest hibernating.

It is also well known that the long survival of
sandfly larvae at low temperatures is linked with
slowing of their development.

In the laboratory of the Gamaleja Institute we
reared Turkmenistan P. papatasi from eggs laid in
August 1961. The fourth-stage larvae were kept in a
refrigerator at 50 C-9° C from 10 November 1961
until 15 November 1962. Then, the temperature
being raised to 250 C, they completed their meta-
morphosis in 28 days. Larval mortality was low.
Codukin believed that a lowering of the environ-

mental temperature during hibernation is necessary
for the completion of the metamorphosis of autumn
larvae of Uzbek sandflies (P. papatasi, P. caucasicus
and P. sergenti). He reported that the development
of these species remains uncompleted if the fourth-
stage larvae are not subjected to a lowering of
temperature under laboratory conditions.

Theodor, from observations on the experimental
hibernation of P. papatasi in Israel, showed that the
laboratory propagation of this species (at optimal
temperature) could take place throughout the winter.
Hibernation was declared to be chiefly brought about
under the influence of low temperature. However,
there is experimental evidence that inner factors,
probably including heredity, also influence this phase
of development. Under optimal temperature con-
ditions, increases in both the numbers of hibernating
larvae and the duration of metamorphosis take place
in the autumn generation. It is concluded that much
remains to be discovered about the way in which
heredity conditions the diapause of sandflies, as well
as the duration of diapause, among the Palaearctic
species. These matters are very important for the
laboratory rearing of phlebotomids, and stand in
need of study. It seems likely that their solutions
will be found to differ for the different species of
sandflies, and for individual species from area to
area.
The feeding of females with blood (usually that of

rabbits, guinea-pigs, dogs or man) is basic to the
successful laboratory cultivation of sandflies. Fre-
quent feeding results in increase in the number
of eggs laid. Repeated interruption of feeding is
quite natural for the females of many species of
sandflies.

It should be noted that not all species of these
insects take blood readily under laboratory condi-
tions, particularly in temperate climates. Thus
Lisova has noted the difficulties of feeding P. chinen-
sis, and Theodor has similarly discussed Phlebotomus
(subgenus Larroussius) of the group " major".
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In our experiments during 1961-62 we simultane-
ously cultivated both P. papatasi and Sergentomyia
arpaklensis in the laboratory of the Gamaleja Insti-
tute. The first took blood very willingly but the
second refused to do so. Petrisceva has recently
provided data on the successful feeding of Sergento-
myia on geckos and other reptiles.
During studies of the susceptibility of sandflies to

the causal agents of leishmaniasis, Lisova has filled
the skins of the tails of mice with a mixture of
Leishmania culture and saline and has fed the insects
upon these. Sandflies kept in the laboratory may
also be fed upon sugar solution, raisins, pieces of ripe
fruit, melon or water-melon.
The ability of sandflies to develop autogenously is

of great interest from the standpoint of their labo-
ratory cultivation. In the USSR, two species have
been demonstrated to complete ovarian develop-
ment without a blood meal: P. papatasi (reported
on by Dolmotova and Safyanova) and S. grae-
covi (as shown by Safyanova). The question re-
quires further investigation for different species of
sandflies.

In the laboratory colony of Phlebotomus papatasi
Sc. which had been brought from south-west Turk-
menia, I have recently observed a high percentage of
females developing autogenously.
These females developed wings between December

and February and 48% of them have deposited eggs
without having had a blood-feed. Each female has
deposited about 27 fertile eggs. The development of
this new generation to imago took place within 40-
45 days.
The mating of sandflies and the fertilization of

their eggs under laboratory conditions appear to
present no great problems for the majority of species.
Many investigators have observed sandflies mating
in small cages. When males and females are kept
together in such cages most of the eggs are usually
fertile.

Various types of glass and clay containers are
employed for the laboratory breeding of sandflies;
lamp-chimneys, tubes and retorts of different sizes,
cupping glasses, and clay flower-pots.
For maintaining pure-line cultures of individual

sandfly species it is necessary to arrange for the
precise determination of each female which has
laid eggs. For individual ovipositions, tubes of
2 cm diameter having a central partition of netting
are convenient. Moist sand or cotton is placed
beneath the partition, the rearing medium for larvae
above it.

Petrisceva has elaborated methods for the mass
cultivation of sandflies involving the employment of
a special breeding-hut and a portable breeding box.
These are made of wood, clear plastic and fine-mesh
netting. The dimensions of the breeding hut are 3 m
x 5 m x 3 m. The hut is employed for the mass
cultivation of sandffies under field conditions in
Middle Asia, the Crimea and the Caucasus.
The breeding hut is placed over a pit 2 m x 1.5 m

and 2 m deep. In one of the side walls of the pit
a lateral hollow is excavated, where boxes with
larval rearing medium are placed. At night a cage
containing rabbits with shaved fur is inserted for the
feeding of the imagos. Several thousand sandflies can
be placed within the breeding hut. Breeding takes
place in the lateral cave-like excavation in the boxes
containing rearing medium, from which specimens
at all stages of development may be taken. The
portable breeding-box can be employed in the labora-
tory as well as in the field. It is a wooden box
measuring 30 cm x 35 cm, with a height of 30 cm
to 35 cm. The lateral wall (of clear plastic) is fitted
with a dark blind. At the bottom of the box a
drawer contains the rearing medium. Above this is
a second bottom made of plywood with round
openings (diameter 0.5-1 cm). Within the box
from 500 to 1000 male and female sandflies are
placed.
The use of these methods for the laboratory culti-

vation of sandflies has provided sufficient quantities
of live insects for experimental studies on their bio-
logy and comparative role in the transmission of
leishmaniasis and sandfly fever.
The conditions for the laboratory rearing of

Phlebotomus papatasi and representatives of the
subgenus Paraphlebotomus (P. sergenti, P. caucasicus,
P. mongolensis) being known so well, their continued
maintenance and mass culture in the laboratory is
not difficult.
Thus in 1935-40, in Petrisceva's laboratory, a mass

culture of P. papatasi was maintained for studying
the transovarial transmission of sandfly fever virus.
Sandfly metamorphosis took place in a climate-
controlled chamber offering temperatures of 250 C-
300 C and a relative humidity of 80 %. By this means
experimental material could be received in unlimited
quantities at all seasons: approximately 700 adults
of P. papatasi were obtained every day from
February to March. Using the breeding hut de-
scribed above, it is possible to obtain an enormous
number of sandfly larvae and pupae. In investiga-
tions of sandfly hibernation in the Crimea, Petrisceva

575



V. M. SAFYANOVA

has obtained as many as 12 000 larvae at a time
through its agency.

Numerous eggs and larvae collected during field

activities in the south of the USSR (the Crimea,
Middle Asia) have been transported in large boxes
to Moscow and used for the establishment of mass
laboratory cultures.

It should be mentioned that it has not thus far
proved possible to rear more than single generations
of some species (P. chinensis, P. kandelakii, S. arpa-

klensis and others) under laboratory conditions.
More research is required before the continuous
mass culture of these species can be achieved.
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