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Progress and Problems in the Establishment
and Maintenance of Laboratory Colonies of Tsetse Flies*

by T. A. M. NASH,a Director, Tsetse Research Laboratory, Department of Veterinary Medicine,
University of Bristol, England

Workers are agreed that cyclically maintained
strains of trypanosomes should be used for research,
rather than syringe-passaged strains, because direct
transmission leads to changes in the characteristics of
the strain, especially in regard to drug sensitivity.
Unfortunately, the cyclical maintenance of a strain
is often impracticable in Europe, and difficult even
in Africa unless one has easy access to a wild source
of tsetse flies, because no one has discovered a
successful technique for rearing a self-supporting
tsetse colony, capable of providing a steady and
reliable surplus of material for research.
The solution of the problem would greatly increase

the scope of the work that could be accomplished in
Europe on such subjects as immunology, drug
resistance and preliminary trials with newly synthe-
sized drugs; facilities for certain aspects of such work
are often better in Europe than in Africa. Even in
Africa, at a research centre such as the Vom branch
of the West African Institute for Trypanosomiasis
Research which has been sited in a tsetse-free area to
prevent natural infection of experimental cattle, a
steady supply of uninfected Glossina submorsitans is
difficult to maintain: in the late dry season, when the
natural fly population is minimal, wild flies are
scarce, and throughout the rains the collection of
large numbers of pupae is impossible as they are very
difficult to detect in wet soil.

Problems andfactors to be considered
Rate ofreproduction. The viviparous nature of the

reproductive cycle of Glossina results in a very slow
rate of reproduction which leaves little margin for
faulty technique in rearing; if surplus material is to
be obtained, the technique evolved must be perfect.
The higher the temperature, within limits, the more
rapidly is the cycle completed, but even so it is slow.
For example, with G. morsitans maintained at

* Note submitted to the WHO Expert Committee on
Trypanosomiasis, June 1962.

a Formerly, Director, West African Institute for Trypano-
somiasis Research, Kaduna, Nigeria.

26°-27°C, the first larva will not be extruded unti
about the 20th day of life;b if the laboratory con-
ditions for the rhythm are perfect, subsequent larvae
will appear at 10-day intervals; the pupal period will
be about 25 days. The first two pupae, theoretically
a male and a female, must be kept for stock, and as
100% fertilization and 100% emergence are un-
likely, it would be wiser to keep the first three pupae
for this purpose. Hence if all females are producing
pupae rhythmically at 10-day intervals, an average
age of 50 days (20+10+10+10) would have to be
achieved to obtain the fourth pupa and enable one-
quarter of the production to be distributed to other
workers.

Fortunately the tsetse fly is a long-lived insect.
For example, Foster,C keeping 177 female G. mor-
sitans in individual tubes, achieved an average age of
90 days, with 2.38 pupae per female. But such a
method of maintenance is impracticable for large-
scale culture and may be conducive to poor reproduc-
tion: McDonald d found that individually tubed
G. submorsitans produce far fewer and smaller
pupae than flies kept communally in large boxes, but
that this latter method of maintenance leads to a high
mortality, especially among young flies; ignoring
mortality among virgin females, McDonald (un-
published data) found that on average only 30%, of
the initial number of females fertilized survived to
60 days.

Individual females can. live for a very long time:
Foster e records a female G. morsitans which survived
for 242 days, but such flies are of little value as the
rate of reproduction slows down with age. Nash &

b Saunders, D. S. (1960) Trans. roy. ent. Soc. Lond., 112,
221.

c Foster, R. (1958) Miscellaneous report No. 214, Arusha,
Colonial Pesticides Research Unit.

d McDonald, W. A. (1960) The laboratory rearing of
Glossina morsitans submorsitans Newst. in Northern
Nigeria. In: International Scientific Committee for Trypa-
nosomiasis Research, Eighth meeting, Jos, Commission for
Technical Co-operation in Africa South of the Sahara
(Publication No. 62), p. 247.

e Foster, R. (1957) Parasitology, 47, 361.
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Roberts found that the breeding-rate in female
G. palpalis belonging to the 15-45-day-old age-group
was one-third greater than in the 77-107-days group,
and three times greater than in the 139-169-days
group; in consequence, all females over 100 days old
are now destroyed as being uneconomical to keep.f
Foster g found in his morsitans Colony No. 3 that
reproduction was greatest at 7 weeks, nearly half at
14 weeks and only one-sixth at 20 weeks. It would
seem that the period of worth-while reproductivity
for G. morsitans extends from about 20 to 80 days,
and that therefore it is most important to achieve
a 10-day cycle of larviposition and to aim at about
7 pupae per female.

Feeding. Too little is known about the factors
responsible for ensuring a rhythmical breeding-
cycle. Temperature is one of the factors responsible
for the duration of the interlarval period; thus at
30°C, 240C and 180C the period for G. morsitans
is 8, 11 and 25 days respectively.h However, it is
common experience for a female, which has been
reproducing regularly, to stop for maybe weeks, and
then to start again. Foster e found that the dura-
tion of the interlarval period is correlated with
the maximum (not average) interval in that period
for which the fly refused food; thus, under his main-
tenance conditions, the interlarval period ranged
from 12 days for a maximum fast of 3 days to 47 days
for a fast of 11 days. On the other hand, both
Foster, and Mellanby i working on G. palpalis, are
agreed that the taking of frequent, partial meals
results in smaller larvae and more frequent abor-
tions; the offering of food daily is therefore no
remedy. Jack h has suggested that a pre-ovulation
feed and a meal two or three days before parturition
are most important. It would seem that the regular-
ity of the reproductive rhythm is at least partly
dependent on the correct frequency, and possible
timing, of the meals.

Reluctance to feed on the part of the tsetse fly is
often due to the host animal having been used too
often, with the result that its flanks have become dry,
scaly and oedematous; a change to a new beast

f West African Institute for Trypanosomiasis Research
(1954) Annual report, Kaduna.

9 Foster, R. (1958) Some observations on the breeding of
Glossina morsitans in the laboratory. In: International
Scientific Committee for Trypanosomiasis Research, Seventh
meeting, Brussels, Commission for Technical Co-operation in
Africa South of the Sahara (Publication No. 41), p. 351.

h Jack, R. W. (1939) Memoirs of the Department of Agri-
culture [Southern Rhodesia], No. 1, Salisbury.

i Mellanby, H. (1937) Parasitology, 29, 131.

promptly results in most of the flies feeding. If the
hosts are used for one week and then rested for two,
and their flanks rubbed with lanoline, their period of
usefulness can be greatly prolonged.f Nevertheless,
this tissue reaction presents a serious problem as it
seems likely that the flies will have been taking up
transudate for some time before a reluctance to feed
indicates that the host should be changed. Un-
fortunately one cannot have unlimited stocks of
hosts, owing to the cost of feeding, housing and
handling.
The source of the blood meal may be of physio-

logical importance to the female tsetse. At the West
African Institute for Trypanosomiasis Research we
had to give up the Geigy method for breeding
G. palpalis, which is based on feeding the flies on
guinea-pigs,1 because our flies and pupae became
progressively smaller; as soon as we changed to
goats, pupal weights increased very considerably and
female longevity and the rate of reproduction
improved. After prolonged maintenance, Willett k
found that a population of G. swynnertoni fed on
sheep gave far better results than one fed on guinea-
pigs in Geigy racks; he also found that from the
beginning of maintenance G. pallidipes did far better
on sheep. The pronounced partiality shown in the
field for the blood of the Suidae by both G. morsitans
and G. submorsitans 1, m may be just a matter of
preference, but it would be surprising if such blood
was not highly suitable to the physiological needs of
the species. (Unfortunately, the domestic pig is an
awkward animal for use in the laboratory owing to
its intractability, protesting nature and the speed
with which it grows from a convenient to an un-
manageable size.)

Fertilization. Poor fertilization is a factor which
could adversely affect reproduction, but of the spe-
cies so far tested under laboratory conditions only
G. pallidipes is refractory.k 'n The following good
fertilization rates have been achieved: G. morsitans,
91 %-100 %; e G. submorsitans, 97 %; dl G. swynner-
toni, 99%; k G. austeni, easily fertilized; k G. palpalis,
88 %.° For each species, it is essential to know the

i Geigy, R., Gigon, A., Speiser, F. & Tschudi, R. (1948)
Acta trop. (Basel), 5, 201.

k Willett, K. C. (1953) Parasitology, 43, 110.
I Weitz, B. & Glasgow, J. P. (1956) Trans. roy. Soc. trop.

Med. Hyg., 50, 593.
m West African Institute for Trypanosomiasis Research

(1959) Annual report, Kaduna.
n East African Trypanosomiasis Research Organization

(1958) Annual report, Nairobi.
0 Nash, T. A. M. (1955) Bull. ent. Res., 46, 357.
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age when the female is most willing and the age at
which the male becomes fully potent.

Lighting. A diurnal light rhythm may be im-
portant. Foster e found with G. austeni that res-
triction of light to only 30 minutes a day resulted
in an increased mortality and eventually to a com-
plete cessation of pupal production. Geigy et al.i
kept their palpalis colony under fluorescent lighting
from 6 a.m. to 6.30 p.m. and achieved considerable
success, as did Dr C. Henrard who, if I remember
correctly, kept his flies in total darkness except when
they were brought up for feeding from the cellars
at the Queen Astrid Institute at Leopoldville. Con-
trolled experiments should be undertaken on this
subject.

Housing. Saunders b suggests that flies kept in
glass tubes suffer from lack of " exercise ", and refers
to the finding of Jackson P that captive G. morsitans
build up less fat than wild flies and that much of the
blood meal remains undigested in the gut for a
considerable time. This may explain McDonald's
observation, mentioned earlier, that morsitans breeds
much better if kept communally in large boxes than
in individual tubes. On the other hand, Cocking
finds that over-activity among pregnant G. pallidipes,
caused by movement of cages, the sudden switching
on of the light and the proximity of the operator,
leads to premature births and abortion. q The whole
subject of housing flies needs much more study.

Temperature and humidity. The maintenance cli-
mate is a matter of considerable importance. The
higher the temperature, within limits, the quicker is
the rate of reproduction but the shorter the duration
of life; conversely, at lower temperatures, longevity is
greatly increased, but the rate of reproduction is very
much slower. Clearly, to obtain the maximum num-
ber of pupae in the shortest possible time, one
should aim at as high a maintenance temperature as
is compatible with adequate longevity. This entails
working rather near the safe upper limit and is very
difficult in most places in tropical Africa, where the
ambient temperature may be as much as 12°C above
the desired figure. Since, technically, heating is much
easier than cooling and since the electricity supply is
much more reliable in Europe than in all but the
largest centres in tropical Africa, from this aspect the
rearing of tsetse flies should be easier in Europe.

P Jackson, C. H. N. (1937) Proc. zool. Soc. Lond., 1936,
811.

q East African Trypanosomiasis Research Organization
(1959) Annual report, Nairobi.

Atmospheric humidity need not be so critically con-
trolled, but since in the field all savannah species of
tsetse increase in numbers during the rains, it seems
reasonable to assume that higher, rather than lower,
humidities should be provided and that riverine
species will require relative humidities in the region
of 75% to 85 %.

Maintenance ofpupae. Correct pupal maintenance
is important as unless a high emergence rate is
achieved any success in improving female repro-
ductivity will be largely vitiated. The problem now
seems to have been solved by the method devised for
G. palpalis at the West African Institute for Trypa-
nosomiasis Research, consisting basically in keeping
pupae in dry sand above wet sand, so that they are
maintained at a high humidity without becoming
wet; an emergence rate of 94% has been recorded
for 33 000 fly-room-bred pupae.r This method seems
to be equally applicable to G. submorsitans:
McDonaldd obtained an emergence rate of 92%
from 1568 pupae deposited by laboratory-reared flies
and of 880% from 4247 deposited by captured wild
flies.

Results ofsome experiments

Having discussed some of the problems and factors
involved, mention must be made of the degree of
success achieved in colonizing various species of
tsetse fly.

In October 1945, Geigy brought back by air some
wild, adult G. palpalis from Brazzaville; they
travelled in an ice-box in which the temperature
ranged from 8°C to 15°C. By the time he reached
his laboratory at Basle he had 22 males and 98
females alive to form the basis of his colony. By a
most ingenious device, the flies were offered food
daily on guinea-pigs. (Subsequently, when the colony
showed signs of degeneration a switch to rabbit blood
was found to be beneficial.) The room temperature
was kept at 26°C, except in warm weather when it
sometimes rose to 300C, resulting in many deaths;
the relative humidity was maintained at about 80 %.
Nineteen months later (May 1947) the population of
this colony had increased to 1400 flies, but the high
temperatures of a hot summer led to a marked fall
which was not immediately halted by the installation

r Nash, T. A. M., Page, W. A., Jordan, A. M. & Petana,
W. (1958) The rearing of Glossina palpalis in the laboratory
for experimental work. In: International Scientific Committee
for Trypanosomiasis Research, Seventh meeting, Brussels,
Commission for Technical Co-operation in Africa South of
the Sahara (Publication No. 41), p. 343.
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of air-conditioning in August; having dropped to
some 250 flies by December 1947, the population
started to rise and by August 1948 had again in-
creased to 1400 flies. Here the published record ends,
but Geigy informs me that the colony survived a
total period of some 51/2 years.
Four other colonies, based on pupae bred by

Dr Henrard at Leopoldville, died out within periods
ranging from four to 19 months and none ever looked
like becoming established. The authors suggested
that the vitality, and possibly the breeding potential,
of flies emerging from imported pupae were much
less than for tsetse flies imported as adults.)
At the West African Institute for Trypanosomiasis

Research, Dr Jordan isolated two colonies of
G. palpalis, one being offered food every day and the
other food on alternate days; after seven months the
former had increased from 700 to 892 females and
the latter from 500 to 551 females; unfortunately
this experiment was brought to an untimely end by a
plague of earwigs, Maraba arachidis.8 These are the
only experiments made at the Institute with closed
colonies of G. palpalis, as the main object has been to
produce a very large stock for supplying research
workers with young, uninfected flies at all seasons.
This aim has been achieved for many years; and even
at seasons when material is unobtainable from the
field, laboratory-bred material has sufficed to meet
all requests. During the course of a year the demand
may range from 8000 to 13 000 young, laboratory-
bred flies or pupae. About half the female stock
required for this purpose has been bred in the
laboratory and the other half from pupae collected
in the field or from pupae deposited by captured
females kept in a separate establishment. The total
stock of males and females that have to be kept for
working on this scale ranges from 3500 to 8000 flies.
Experience has shown that provided the daily
mortality figure among the fertilized female stock is
below 20%, the stock is doing very well; but, when
figures of 30% or 40% are recorded on several con-
secutive days, something has gone wrong, e.g., the
temperature has risen too high or the animal hosts
need changing. The technique employed .has been
fully described.r
The success so far achieved in rearing G. palpalis is

most encouraging, but unfortunately this fly cannot
normally be infected with congolense- and dimorphon-
type trypanosomes; m a reliable supply of G. mor-
sitans would be of much greater value to research

8 West African Institute for Trypanosomiasis Research
(1955) Annual report, Kaduna; (1956) Annual report, Kaduna.

workers, as this fly can be infected with most of the
economically important species of trypanosome.

Foster c has done some most valuable basic
research on G. morsitans, but has confined his
attention to colonies of flies kept individually in
tubes, a method which so limits the output that it
could not be employed for large-scale breeding. His
best results were obtained from Colony 4, which
started with 169 males and 177 females; the flies
were kept in an incubator at 26°C, and offered food
every other day. For his first generation he achieved
a mean life of 85 days for males and 90 days for
females, a mean of 2.38 pupae per female and a mean
interlarval period of 16.6 days; unfortunately the
investigation did not extend to further generations.
McDonald d started a closed colony with 186

females which had emerged from wild pupae, but for
mating purposes males were often used from general
stock and not solely from males produced within the
colony; hence it was only a closed colony on the
female side. About 50 fertilized females were kept in
each large Petana box at a room temperature of
25.0°C to 26.5°C; the flies were offered food daily
on sheep. McDonald's data, with additional infor-
mation for the F5 and F6 generations, are given in
the accompanying table.
On the assumption that half the emergences will be

females, one would expect the number of females in

DATA FROM McDONALD a ON REARING A COLONY OF
GLOSSINA SUBMORSITANS

Mean No. Average
Generation No. No. pupae pupae per pupal

females female weight
(mg)

Parental 186 192 1.0 27.6

Fi 94 162 1.7 28.5

F2 30 81 2.7 32.3

F3 37 257 6.8 b 33.2

F4 127 585 4.6 32.1

Fs c 74 317 4.3

F c 51 115 2.2

a McDonald, W. A. (1960) The laboratory rearing of Glossina
morsitans submorsitans Newst. in Northern Nigeria. In: Inter-
national Scientific Committee for Trypanosomiasis Research,
Eighth meeting, Jos, Committee for Technical Co-operation in
Africa South of the Sahara (Publication No. 62), p. 247.

b This figure should be 6.95, which is extremely good.
c am indebted to Mr D. A. T. Baldry for the results in the

Fs and F. generations, which were obtained after Mr McDonald
had left Nigeria.
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the following generation to be about half the number
of pupae produced by the previous generation, but
it will be noted that often the figure is far less,
suggesting a high pupal mortality. This is not the
case; the second column of McDonald's table refers
to fertilized females and an unexpectedly low number
indicates heavy mortality in the first five days of life,
which cover the virgin and mating stages. Such
mortality nearly wrecked the colony in F2, and
finally did so from F5 to F8. When both early
mortality and the breeding rates were low the colony
more or less held its own (P and F1), but when early
mortality was low and breeding rate high (F3 and F)
the colony surged ahead. Had the early mortality
among the emergences from the 585 pupae of F4
been kept low, some 290 fertilized females would
have started F., instead of a mere 74, and at 4.3
pupae per female would have produced nearly 1250
pupae. One cannot help feeling that McDonald was
in sight of success, especially as the high mean pupal
weight of F4 does not suggest a declining stock. As
Willett points out, it may be significant that the
decline began during the hot dry months of March
and April.t Unless the climatic factor is properly
controlled by air-conditioning, there will always
be doubts in such cases as to what really did
happen.

Willett,k attempting to colonize G. swynnertoni,
started with 60 wild females, kept, at the rate of 10
per Geigy cage, over water in a grass-roofed hut.
The flies were offered food daily, 30 on guinea-pig
and 30 on sheep; attention will be confined to the
sheep-fed colony because, as mentioned earlier, this
colony did far better. Complete data are available
for only the first three generations, the original 30
wild flies of unknown age forming the first genera-
tion. The mean female life was 82.6 days for G2 and
88.2 for G3; the mean number of pupae was 3.20 for
G2 and 4.45 for G3; the mean pupal weights for
GI, G2, G3 and G4 were 25.81, 24.87, 25.07 and
23.98 mg respectively; the mean interlarval period
for GI to G4 ranged from 18.87 days to 24.21 days;
lastly, whereas GI started with 30 females, G4
started with 52. After a setback in the first dry
season, the population flourished up to G8, but G9
and G10, which started in the height of the second
dry season, fell far below previous standards. u

t West African Institute for Trypanosomiasis Research
(1960) Annual report, Kaduna.

U East African Trypanosomiasis Research Organization
(1952) Annual report, Nairobi.

Presumably the colony died out soon afterwards, as
it is not referred to in subsequent annual reports of
the East African Trypanosomiasis Research Organ-
ization.

Willett k started two colonies of G. morsitans with
18 wild females fed on guinea-pig and 19 on sheep;
in both populations there was a steady decline,
resulting in extinction in the fifth and fourth genera-
tions respectively. A comparable experiment with
G. pallidipes failed because the flies could not be
induced to mate.

Willett also gives results for similar work on
G. austeni imported as pupae from the hot humid
climate of Zanzibar and kept during the wet season
under the very different climatic conditions of a grass-
roofed hut in the savannah. He was most impressed
by the remarkable longevity and reproductivity of
this species: of 18 females emerging from wild pupae,
15 had a minimum mean life of 174.5 days, and
5 exceeded 225 days; 17 of these females produced
1 6 pupae, or a mean of 6.8 pupae per female. As the
ensuing dry season progressed, the standards fell,
until the colony died out in the fifth generation.
Willett suggested that, if this species is as susceptible
to infection by trypanosomes as limited data suggest
it may be, it might prove a valuable laboratory
vector.k, u

Foster,e despite unsuitablr maintenance climate,
confirmed the promise of G. austeni; his first genera-
tion females averaged over 7 pupae.

Finally, mention must be made of Cocking's work
with G. pallidipes. It seems that he started with the
intention of trying to colonize this species in the
laboratory,n but presumably because of the difficulty
experienced in getting the flies to mate in captivity,
he was forced to breed from frequent collections of
wild flies. His work is therefore not strictly applic-
able to the score of this paper, but his investigations
into feeding G. pallidipes through a membrane on
defibrinated ox-blood might be of considerable
practical importance if the problem of reducing
tissue reaction in the hosts' flanks proves insoluble,
and for those engaged in establishing laboratory
colonies in cities, where it would be impossible to
keep large numbers of hosts.

It is difficult to determine the degree of success
achieved because comparisons are made between
batches of flies fed through a membrane on defi-
brinated ox-blood with batches fed normally on
sheep; had the source of blood been the same, the
comparisons would have been valid. Nevertheless,
the following example gives an idea of the results
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achieved: of 359 females fed on defibrinated ox-
blood 7% survived 50 days, as against 5% for 377
flies fed on sheep. Excluding flies which died before
any larvae were produced and pupae less than 30 mg
in weight, 346 females fed on defibrinated ox-blood
yielded 1.17 pupae per female, as against 0.75 for
328 flies fed on sheep; the mean pupal weight for
sheep-fed flies was greater, at 36.5 mg as against
34.9 mg. q, v The survival and pupal yield figures
seem low compared with those given elsewhere in
this paper, but it must be remembered that these came
from wild flies of unknown age when captured. An
experiment, using G. morsitans or G. swynnertoni
hatched from wild pupae and mated in the labora-
tory, with one batch of flies fed on defibrinated
ox-blood and one on cattle, should give results
which would make it possible to assess the value of
this artificial feeding technique.

v East African Trypanosomiasis Research Organization
1960) Annual report, Nairobi.

Conclusion
The following are some of the factors which need

study: methods of reducing tissue reaction in the
hosts' flanks; the suitability of different bloods; the
cause of the fly's preference for individual beasts;
the best feeding frequency in relation to the inter-
larval rhythm; the optimal maintenance temperature,
humidity and possibly light rhythm; types of cage
and optimal housing density for virgins, stud males
and fertilized females; and lastly, how to prevent
a high mortality in early adult life. It will be appre-
ciated that each species of tsetse fly probably has its
own special requirements, and that in comparative
experiments designed to study the different factors,
there will be many variables, some of them difficult
to detect; such work will be greatly simplified if the
climatic factor can be accurately controlled and so
standardized. Several investigators have obtained
results which are very encouraging and suggest that
the large-scale rearing of tsetse flies in the laboratory
presents a difficult but not insoluble problem.


