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The Maintenance of a Laboratory Colony of
Glossina morsitans since 1959*
J. FRAGA DE AZEVEDO 1 & R. DA COSTA PINHAO2

The authors present the results of the first successful attempt to rear a single-line colony
of Glossina in the laboratory. Starting with 43 adults (21 males and 22 females) which
emerged in the laboratoryfrom G. morsitans pupaefrom Mozambique, this colony has been
maintained under controlled environmental conditions at the Lisbon Institute of Tropical
Medicine since 1959.

Guinea-pigs are used as the sole food source, and are offered to the tsetse flies daily
for six days each week.

The colony kept developing (although not in constant progression) without the intro-
duction of any new elements from September 1959 to September 1963. From that time,
the pupae were kept in damp sand throughout the 24 hours during which they are formed.
This technique led to highly encouraging' progress in the growth of the population, the
evolution curve of which coincides perfectly with that of an ideal population.

An understanding of the role of agents that cause
or transmit disease can be satisfactorily achieved only
through laboratory observations. Bacteria serve to
illustrate this generalization. Were the culture of
bacteria not so easily achievable we would not have
succeeded in building up the body of knowledge
about them that we now have and, consequently, in
obtaining the means of action against them available
today. It is easily understandable, therefore, that
the attention of many research workers should now
be concentrated upon developing methods for the
single-line culture of parasitic protozoa and metazoa,
for such methods are prerequisite to the biological
investigations upon which fully satisfactory control
measures must eventually be based.
A similar importance attaches to the culture of

disease vectors, among which tsetse flies (Glossina
spp.) are conspicuous. The development of a prac-
tical method for the laboratory cultivation of these
insects would certainly represent a decisive con-
tribution towards the understanding of their biology
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and physiology and, accordingly, of the factors un-
derlying their role as trypanosome vectors. The data
resulting from the investigations that would thereby
be made possible would be of the greatest value in
designing methods for the control of the African
trypanosomiasis flagellates.

In spite of the importance of the subject and of the
fundamental break-through that the solution of this
problem would represent, studies to this end have
been relatively few and previous endeavours in this
field have not been particularly successful.
The laboratory breeding of Glossina has been

attempted in Africa under natural climatic conditions
and in Europe under artificial ones.

In Africa, special emphasis must be given to the
efforts of Roubaud (1909) in Brazzaville to maintain
a colony of G. palpalis. His laboratory studies resul-
ted in advances in knowledge of tsetse biology, as
did those of Rodhain, van Bronsen & Bequaert (see
Evens & Niemegeers, 1954) in Katanga. The latter
authors, working with G. morsitans, first demon-
strated the possibility of feeding tsetse flies through
a membrane of animal skin.

Later, the maintenance of several other species of
Glossina was attempted by other investigators. As a
result, important improvements in technique were
made by Willett (1953), Foster (1957, 1958a, 1958b)
and McDonald (1960), who succeeded in keeping a
culture of G. morsitans for some time. Meanwhile,
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Evens & Niemegeers (1954) in Leopoldville and
Jordan in Nigeria (West African Institute for Try-
panosomiasis Research (1955, 1956) had some suc-
cess in maintaining G. palpalis, but their colonies
were lost. Attempts to rear G. swynnertoni, G. pal-
lidipes and G. austeni (Willett, 1953), G. austeni
(Foster, 1957) and G. pallidipes (East African
Trypanosomiasis Research Organization, 1958,
1959) did not lead to better results. Very interesting
results were presented by Nash et al. in 1958; these
concerned the breeding of G. palpalis in Nigeria, but
not as a self-supporting colony.

In 1913 Roubaud (1913, 1917) tried for the first
time to breed G. palpalis and G. morsitans submor-
sitans under European laboratory conditions. Using
Senegalese pupae, he totally failed with the former
species, but managed to keep a population of the
latter for more than three years. The colony was
never very well established, however, for he was never
able to obtain more than 32 insects at one time.
Rodhain & van Hoof (1944) failed in an attempt to
breed G. palpalis in Antwerp during 1934, while
Mellanby & Mellanby (1936) in London, and Rod-
hain & van Hoof (1944) again in Antwerp but in
1939, succeeded in breeding the same species'al-
though with only mediocre results, since their colo-
nies died out at the fourth and sixth generations
respectively. Geigy (1946, 1948) was the most
successful of all, as from 1945 to 1948 he kept a
strain of G. palpalis at Basle. This was initiated with
adults derived from Brazzaville, and at the same time
he tried to establish a colony of the same species
using pupae, but without success.

In 1959, in collaboration with Abreu & Dias, we
too tried to establish a strain of G. morsitans (de Az-
evedo et al., 1960). The work was undertaken in
the Institute of Tropical Medicine in Lisbon, and was
initiated using 65 pupae from Mozambique. These
yielded 45 adults, and the strain was maintained for
115 days, corresponding to three generations. How-
ever, we were never able to obtain more than a total
of 45 adults at the one time.
These experiments were later resumed, and the

present account details the results obtained up to the
present.

MATERIAL AND METHODS

Origin of the colony
We started with 43 G. morsitans (21 males and 22

females) which emerged in our laboratory between 14
September and 6 November 1959 from four batches

of pupae sent by air from Govuro, Mozambique, on
14 and 24 September and 1 and 22 October 1959.

Rearing and maintenance
With certain changes, we followed the same pro-

cedure as in our earlier experiment. An environ-
mental chamber was employed, measuring 3 m long,
3 m wide and 2.5 m high. Temperature and relative
humidity were set respectively to 26°C and 70% and
were automatically controlled. Fluorescent lighting
at 550 lx was employed during the daytime. An auto-
matic switch turned the lights on at 06.00 hours and
off at 18.00 hours.
We have now abandoned the rigour with which we

initially kept the temperature and humidity within
the established limits, since for some three to four
hours, during the feeding of the adults, collection of
pupae, etc., a window of the chamber must be kept
open, and departures from the set values consequent-
ly occur. This has caused no hindrance to our work.
On the contrary, the introduction of this innovation
coincided with the beginning of a real increase in our
tsetse population, for reasons to be discussed later.
The adults were kept in Roubaud-type cages (Fig.

1), made of a wire frame 14 x 8 x 5 cm lined with
cloth and provided with a tulle sleeve of approxi-
mately 2 mm mesh. The cages were kept within glass
tanks, and rested on two glass rods 3 mm in diameter,
thus ensuring a sufficient space under the cage for the
larvae to drop out. The adult flies were isolated from
one another except for the two or three days during
which a pair were kept in the same cage for mating.
This differed from our earlier procedure, in which
each cage always contained a male and a female.
That method brought about a high mortality rate in
males and possibly some abortions owing to the
attempts of the males to copulate with the pregnant
females, which, it should be noted, usually opposed
such attempts. This result is in disagreement with
the conclusions of Mellanby & Mellanby (1936),
but agrees with the report of Evens & Niemegeers
(1954) concerning the results of permanent enclosure
together of males and females.

Initially the pupae were kept in the open air, in
small glass tubes covered with netting. At the end of
September 1963, we began placing the pupae in wet
sand the moment they were collected, i.e., less than
24 hours after deposition. Initially the pupae were
placed in damp sand, using the devices developed by
Parrot (1931) and Ribeiro & Sousa (1962) for rearing
Phlebotomus. It was noticed, however, that the same
results could be obtained by saturating with water
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FIG. I
CAGES AND TUBES USED TO MAINTAIN ADULTS AND PUPAE OF G. MORSITANS

any common sand with particles ranging from 0.15
mm to 0.30 mm. Some of this was allowed to drip,
and then placed in a glass tube 8 x 3.5 cm (Fig. 1)
which was covered with tulle, and in which eclosion
duly took place. We consider this to be the main
reason for the population increase that followed,
coinciding as it did with a marked improvement in
the eclosion rate (almost 100% in some recent
months, by comparison with the 69% eclosion rate
of our first experiment; de Azevedo et al., 1960).
The technique of rearing isolated adults and pupae

also enables us to record all the data concerning the
life of the individual insects, for which purpose an
individual file is kept for each of them. Relevant
data are recorded daily (e.g., parentage, number of
larvae and resultant flies), and the results of post-
mortem dissection complete the file.
We have always used guinea-pigs (their flanks

shaved) as the sole source of food, the animals being
replaced every week. The flies are fed by means of
the excellent apparatus devised by Geigy (Fig. 2), in
which the insects are placed each day. Initially the
cages were kept in the feeder for from 45 minutes to

one hour, flies which had not fed for one or two days
being held there for a longer period. Now, due to the
progress of our colony with the consequent increase
in time and work, we are reducing feeding-time to
20-30 minutes every day except Sundays. We do not
particularly persist with flies that do not become
gorged, since it has become apparent that such per-
sistence generally has no practical value-the flies
end by feeding just when they elect to do so. The
factors that are involved here have still to be elucid-
ated. Males feed less than do females, and the latter
do not usually feed during the one or two days prior
to larviposition. The cages are periodically washed
with a detergent.

EVOLUTION OF THE COLONY

Fig. 3 indicates the evolution of our population by
number of insects at the end of each month, the 43
tsetse flies with which we started constituting the
first generation. The 25th generation has now been
reached. The marked rise shown on the graph
started in November 1963, corresponding to the
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FIG. 2
GErGY'S APPARATUS FOR FEEDING G. MORSITANS

ON GUINEA-PIGS a

FIG. 3
DEVELOPMENT OF LISBON COLONY

OF G. MORSITANS UP TO 30 JUNE 1964

a Note the automatic system for maintaining constant tem-
perature and humidity.

appearance of the 17th generation, of which some
individuals are still living at the time of writing
(August 1964). At present, therefore, elements ofnine
generations (17th to 25th) coexist in our population.
The greatest longevity recorded thus far concerned

a female of the 10th generation which lived for 196
days. The same individual achieved a record total of
20 larvipositions.

It is also evident from Fig. 3 that the sex ratio is not
constant, there being generally more females than
males. It may be said, however, that the percentage
of emerged females is usually only very little higher
than that of males, averaging 50.2% females against
49.8% males.
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DISCUSSION

Detailed information on the biological charac-
teristics of the insects in our population, as well as the
results of observations and experiments on their re-
production, life-history and factors affecting these
will be considered at a later date, since the data con-
cerning the members of the generations in which
marked progress took place will be complete only
when all the insects in question are dead.
The first point to be considered concerns the pre-

sent behaviour of our population, which, as shown in
Fig. 4, now presents a monthly growth rate very
closely approximating that to be expected theoretic-
ally from the average values for Glossina longevity
and reproductive capability. Buxton's (1955) cal-
culations were purely theoretical and based on ideal
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FIG. 4
DEVELOPMENT OF LISBON COLONY 22
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conditions. According to them, a tsetse population,
particularly one of G. morsitans, will be five times its
original size at about the 128th day, 10 times this
size in less than six months (178 days), and 21 times
the initial size on the 212th day. As ideal conditions,
Buxton assumed that a female would live for 70 days
and would produce six larvae, that the pupal stage
would last for 32 days, and that there would be no
mortality, either during the larval stage or before the
female had completed reproductive activities.

After our colony had entered a clearly progressive
stage, we noticed the following increases:

Number on 30 October 1963 . . . . . 21 flies
Number on 29 February 1964 (121 days) 83 flies
Number on 30 April 1964 (182 days). . 218 flies
Number on 30 June 1964 (242 days) . 445 flies 1

Fig. 4 shows the evolution curve of our population
by comparison with Buxton's theoretical curve. It
may be noticed that our population's increase coin-
cides with Buxton's calculations since, according to
the graph, after 128 days, the population had in-
creased to a little less than five times its initial size
and after 175 days it had increased to a little more
than 10 times that number. Obviously we did not

1 By November 1964, the colony totalled approximately
1000 flies.

start from date 0 (first larviposition) as Buxton did,
but with a population of 22 females and some de-
veloping pupae. However, our experience was neces-
sarily affected by factors that occur in every popula-
tion, e.g., precocious mortality, sterile females, and
failures in the eclosion of some pupae. As a whole,
these unfavourable factors must surely be more
weighty than the advantage of having started with a
small population of adults and pupae.
- Since the future of a population is defined by its
growth rate, we believe that our present colony shows
characteristics of complete vitality and endurance
absolutely identical to the theoretical calculations
based on the average figures at our disposal concern-
ing G. morsitans. During the last three months of our
population's development, we were at the disadvan-
tage of having to sacrifice some male and female
insects for experimental purposes. Some of these
were only a few days old, and some pupae were
withdrawn for the same purpose too.
For the reasons given above, we are as yet unable

to present the averages for longevity, number of eggs,
pupal stage, eclosion rate, etc., which would allow the
exact curve of the colony's growth to be established.
However, it can already be said that the main factor
believed to be responsible for the improvement is the
increase of the eclosion rate of the pupae attributable
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to the use of wet sand. Thus during the first genera-
tions the percentage of eclosions averaged 79.8 %, but
in the months of November and December 1963 and
January and February 1964, the respective eclosions
obtained were 90.3%, 88.9%, 96.7% and 91.8%.

CONCLUSIONS

After analysing the results obtained from the
maintenance of a G. morsitans population in the
laboratory for five years without the introduction of
any outside individuals, and emphasizing that the
colony shows no signs of degeneration, we believe we
have solved the problem of the continuous labora-
tory maintenance of G. morsitans, thereby opening
up new avenues for research.
Evens & Niemegeers wrote, in 1954: " I1 semble

donc qu'il n'est pas facile de constituer un elevage
autonome de glossines ", and in 1962 the first report
of the World Health Organization's Expert Commit-
tee on Trypanosomiasis stated that " The discovery
of a successful technique for rearing a self-supporting
colony of tsetse flies, capable of providing a steady
and reliable surplus of standard material for research,
would greatly increase the scope of the work that
could be accomplished on such subjects as immun-
ology and drug resistance ". Such a technique is now
available, and is capable of satisfying the need for
research material, which was also stressed at the
CCTA/CSA Meeting of Experts on Trypanosomiasis
held in Lagos in September 1963 (unpublished): " On
devrait encourager les recherches pour la creation,
en laboratoire ou dans des insectariums sur le terrain,
d'elevages de glossines se maintenant d'eux-memes
sans apports exterieurs ".

In addition, these studies corroborate for the first
time Buxton's predictions concerning the evolution
of a Glossina morsitans population under ideal con-

ditions. It would seem to follow that these same ideal
conditions were in fact achieved during the labora-
tory studies outlined above, a fact which has great
biological significance.

In comparing our rearing technique with those of
other authors, we must lay special emphasis on the
use of damp sand in order to ensure pupal develop-
ment and on the systematic utilization of the same
animal species (the guinea-pig) as food source. No
degeneration of the stock has resulted from this and
it is accordingly unnecessary to use several animal
species, as was done during our first attempt. The
technique is thereby simplified.

Finally, it was noticed that the utilization of pupae
and not adults as an initial basis for a colony leads to
good results, contrary to what is sometimes reported.
Population oscillations in relation to seasonal chan-
ges were not apparent, although some animal species
(e.g., certain freshwater molluscs) undergo seasonal
variations in colony development even when environ-
mental conditions are kept constant throughout the
year, as has been the case with our Glossina experi-
ment.

These are, then, our first results on the laboratory
breeding of G. morsitans. It is anticipated that, since
we now possess a steady and stabilized colony, we
shall be able to develop our observations on this
insect, considering it is not only as a biological unit
but also in its role as a trypanosome vector, and we
hope to proceed with observations concerning the
biological and physical aspects and the maintenance
of trypanosome strains in the laboratory. The advan-
tages of rearing G. morsitans are quite evident, since
this species is liable to infection by any species of
African pathogenic trypanosomes.
We are placing our colony at the disposal of

anyone interested.
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RIESUMIt

Une colonie de Glossina morsitans, 6tablie en 1959 a
partir de pupes du Mozambique, 6tait encore prospere en
1964, A l'Institut de Medecine tropicale de Lisbonne,
sans qu'il ait e necessaire d'introduire des insectes pris

dans la nature, au cours de cette periode. Les auteurs
considerent donc comme resolu le probleme de l'entretien
continu de la glossine, sans apport ext6rieur. Ils decrivent
les conditions de l'elevage et les resultats obtenus. Leur
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elevage a Wt6 constitu6 a partir de pupes, qui se sont
d6veloppees sur du sable humide. Un seul animal, le
cobaye, a ete utilise comme source de sang. I1 n'y a pas
eu dans l'elevage d'oscillations saisonnieres manifestes,
telles qu'on les observe chez certaines especes animales,
meme si l'on maintient constantes les conditions climati-
ques au cours de l'annee. La courbe d'evolution des

populations d'6levage correspond it celle qu'avait prevue
Buxton, dans des conditions idWales. Le succes de cet
elevage a une grande importance biologique, et permet
en outre d'envisager, grace a cette souche stabilisee et
fixee, l'etude experimentale du role vecteur de la glossine
dans la trypanosomiase.
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