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The Importance of Ecological Studies in the Control
of Tsetse Flies*

P. E. GLOVER1

The author reviews recent ecological research on tsetse flies in East Africa and Northern
Nigeria, particularly in connexion with theflies' sensory reactions, andstresses the importance
of an accurate knowledge of their daytime and night-time resting-sites and of identifying
the sources of their blood meals in order to elucidate the reservoirs of trypanosomiasis.
The epidemiology of the disease is considered in the light of studies of trypanosome infec-
tions in host and fly. The control of tsetse flies must be based on the practical application
of ecological knowledge by methods involving either a direct attack upon the fly (such as
trapping or the use of insecticides) or an indirect attack (such as bush clearing or game
destruction to eliminate the fly's habitat or food supply); these methods are dealt with
in some detail. The author concludes with a discussion of modern trends in research,
and a number of lines of research are suggested.

This paper will be mainly confined to considera-
tion of work in East Africa and Northern Nigeria
in West Africa, in regions with which the writer is
familiar.

Since the beginning of the century, a very great
deal of information on the ecology of tsetse flies has
been accumulated, starting with the findings of Sir
David Bruce in Zululand and later in Uganda
(Bruce, 1895; Bruce et al., 1910); Swynnerton
(1933, 1936), Potts (1933) and Jackson (1949) in
Tanganyika (now Tanzania); Johnson & Lloyd
(1923), Lloyd & Johnson (1924), Lloyd et al. (1927,
1933), Lester (1933) and Nash (1948) in Northern
Nigeria-to quote only a few of the most distin-

guished works. All the important information
gathered up to 1955 is incorporated in The Natural
History of Tsetse Flies by P. A. Buxton. More
recently, Glover (1961) reviewed the work done up
to that time in Northern Nigeria and Langridge
et al. (1963) made a review of recent knowledge of
the main vectors of trypanosomiasis for East, Central
and West Africa. Glover (1966) reviewed the relation-
ships between tsetse fles and their vertebrate hosts
and Glover and Aitchison (unpublished), during the
course of a tsetse control and land-use survey in the
north-eastern part of Northern Nigeria, made a study
of the ecology of the tsetse flies and trypanosomiasis
problems in that region in 1966.

THE TSETSE FLIES

ECOLOGY

In East Africa there are 10 species of tsetse flies.
These and their habitats (see also Fig. 1-5) are as
follows:

* A detailed account of the costs and operation of tsetse
fly eradication in Africa by clearing and by the use of insecti-
cides and of the organization and equipment of a modern
tsetse fly and trypanosomiasis control unit is included in the
unpublished WHO document TRYP/WP/66.14, on which
the present paper is based. A limited number of copies of
that document is available to persons officially or profession-
ally interested on request to Parasitic Diseases, World Health
Organization, Geneva, Switzerland.

Species Jlabitat

Glossina morsitans Woodland and
Westwood savanna country.
G. pallidipes Austen Thicket and

Morsitans savanna country.
group G. swynnertoni Thicket in drier

Austen savanna country.
G. austeni Coastal forest and
Newstead thicket.
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Species Habitat

G. palpalis Forest and thicket on
Robineau-Desvoidy the shores of Lake

Palpalis Tanganyika.
group G. fuscipes Forest and thicket on

Newstead the shores and rivers
of Lake Victoria.

G. brevipalpis
Newstead
G. fuscipleuris
Austen
G. haningtoni
Newstead & Evans
G. longipennis
Corti

Lakeside and riverine
vegetation.
Moist forest.

Moist forest.

Edge of dry thicket and
open savanna.

Several of these have been relegated to sub-
species-e.g., Glossina morsitans morsitans West-
wood, G. morsitans orientalis Vanderplank, G. mor-
sitans submorsitans Newstead, G. austeni austeni
Newstead, G. fuscipes fuscipes Newstead and G. pal-
palis martinii Zumpt-but for practical purposes we
shall, wherever possible, deal only with species
and then only with those of greatest economic
importance.

In Northern Nigeria, there are four species of
Glossina:

Species

G. morsitans
submorsitans
Newstead

Morsitans
group

G. longipalpis
Wiedemann

G. palpalis palpalis
Robineau-Desvoidy
G. tachinoides
Westwood

Habitat

Isoberlinia woodland in
the Guinea zone and
riverine vegetation in
the Sudan zone espe-
cially in the dry season.
Moister woodland and
savanna in the Guinea
zone.

Riverine vegetation.

Riverine vegetation,
but there is evidence
that in the southern
parts of Nigeria it is
beginning to adapt it-
self to habitats away
from water and in
closer contact with
man and his domestic
stock.

The distribution of tsetse flies in both East and
West Africa is described in some detail by Langridge
et al. (1963), so we shall begin here by discussing the
importance of an understanding of how Glossina
employs its senses to maintain its existence within

its habitat and how this knowledge can be used to
destroy the fly.

SENSES

Sight

Nash (1930), working in Tanganyika, demon-
strated that G. morsitans, when released with their
eyes painted over, were never recovered, whereas
a large proportion of flies released with painted
antennae were recaptured, indicating that without
sight this fly would not find its way about.

Lloyd (1935) and Swynnerton (1936) proved the
importance of sight to G. morsitans, G. swynnertoni,
G. pallidipes and G. fuscipes by demonstrating that
they were attracted to moving objects such as fly
"screens ". This fact is very important to survey
work and is the principle on which " fly rounds
are based.

Napier-Bax (1937) observed that G. swynnertoni
could see moving oxen up to a distance of 465 feet
(ca 140 m) in bright daylight but it could not detect
them at 600 feet (ca 180 m). This information is
important in the construction of cleared tsetse fly
barriers.
Moggridge (1936) noted that G. swynnertoni could

fly out over distances of 100 to 300 yards (ca 90 m
to 275 m) to visit a group of men and oxen, and
Swynnerton (1936) observed that, although G. pallidi-
pes spends most of its time in thickets, it gave him
the impression of being " a bold, independent rover ".
G. pallidipes is very versatile in its habitat require-
ments and this is probably why it is so difficult to
exterminate in East Africa.
The earliest practical applications of the fact that

flies are attracted to moving objects resulted in the
use of adhesive surfaces to the back of a moving man
by Maldonado (1910) and by da Costa et al. (1916)
on the island of Principe to exterminate G. palpalis.

Later, Glasgow & Duffy (1947) eradicated G. fus-
cipes from a stretch of river in Nyanza province
in Kenya by hand catching using a moving man
as bait.
Another development of the exploitation of sight

was the use of tsetse traps by Harris (1932, 1938)
in Zululand in an attempt to get rid of G. pallidipes.
Since then, many different traps have been tried,
a number of which were described by Swynnerton
(1933, 1936) in Tanganyika, and in West Africa
a useful device called the " animal trap " was con-
structed by Morris & Morris (1949).

Nevertheless, little intensive work seems to have
been carried out on the perception of colour by

Fusca
group

Palpalis
group
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tsetse flies except that it was known that they
responded to light and dark, and to light colours
and dark colours-the basic principle of most trap
construction. This point was demonstrated by da
Costa et al. (1915), Simpson (1918), Fuller & Mossop
(1929), Lloyd (1935) and Moggridge (1936), who
recorded the number of flies settling on cloth and
on oxen of different colours but produced no evidence
that the flies could actually distinguish different
colours.
More recently, Smith & Rennison (1961 a), work-

ing in south-eastern Uganda, found that traps cov-

ered with natural-coloured hessian took more G. pal-
lidipes than those with hessian painted black, but
this may have been an olfactory rather than a visual
response for the fact that this fly is attracted to fresh
hessian was known by Harris as early as 1936
(Harris, 1938).

Smith & Rennison also confirmed earlier findings
that a white bait ox attracted fewer flies than a darker-
coloured one and a red ox appeared to be the most
attractive of all.

Barrass (1960), in Southern Rhodesia, carried out
some experiments on the settling of G. morsitans on
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FIG. 3
GLOSSINA MORSITANS HABITAT, ABERCORN DISTRICT, ZAMBIA
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IMPORTANCE OF ECOLOGICAL STUDIES IN TSETSE-FLY CONTROL

multi-shaded cloth screens but no more information
of real significance on this subject seems to have
emerged since 1936. It is obvious that there is still
much scope for research in this field.

Smell

Many investigations have been made of the
olfactory senses of tsetse flies, and Swynnerton (1936)
discusses this subject in relation to various food
preferences which he and others had observed. He
mentions that preferences for individuals ofa particu-
lar species and a particular sex had been noted in
the past.
Nash (1930) found that in the laboratory blinded

G. morsitans in tubes with gauze ends fed as willingly
and apparently as often as the controls but flies with
painted antennae did not feed, proving that the
antennae are olfactory organs. Nash considered
that G. morsitans hunts its food by sight and sug-
gested that " the normal action of obtaining food
consists of a visual and an olfactory tropism"
(Swynnerton, 1936).

Swynnerton suggested that some species of tsetse
flies, such as G. pallidipes, G. austeni Newstead and
G. brevipalpis, make more use ofscent than do G. mor-
sitans and G. swynnertani, but the work of Weitz &
Glasgow (1956), Langridge (1960a) and Lamprey et al.
(1962) would appear to indicate that these two latter
flies have a keen sense of smell as well as of sight.

Chorley (1948) demonstrated that G. pallidipes
was attracted by the scent of cattle dung and urine
and many field workers have observed that tsetse
flies appeared to be attracted by the smell of dung
and urine of elephant and buffalo.
Johns (1950), in Zanzibar, found that test catches

of G. austeni with oxen were considerably greater
than with screens, even when attempts were made
to impregnate the screens with ox scent.
By means of his " animal " traps, Morris (1960a)

showed that G. pallidipes followed herds of elephant
passing through fly-infested country in the Busoga
district of Uganda.
Hughes (1957) examined the responses of G. mor-

sitans to a selection of aliphatic acids, alcohols,
esters and amines. Exhaust gases and distillates of
sump oil were tested on the activity of G. palpalis.
The results obtained were consistent with those of
other workers in that it was found that stimulating
compounds might be present in very small quantities
in sump oil and the caprate series of fats from
excretory substances such as sweat are attractive to
tsetse flies.

Johns (1959), in the laboratory at Shinyanga,
studied the olfaction of Glossina and described the
olfactory pits in the antennae. Three olfactometers
were tried but no satisfactory response was observed
when tests were made with G. morsitans. Odours
from anhydrous lanoline and warthog extract in
alcohol or water were tried without success though
these are known to be attractive to flies in the field
(Langridge, 1960a).

Langridge (1960a) showed that in Kenya G. pallidi-
pes could be attracted to fly-rounds by using bait
substances prepared from sheep wool greases and
extracts from pig hair and skin scrapings. Further
field experiments (Langridge, 1961) revealed that
traps treated with attractants were more effective in
catching G. pallidipes and G. palpalis than fly-boys.
These treated traps quickly revealed the presence of
flies where ordinary catching methods failed to do so.

Burtt (1946) induced tsetse flies to probe by placing
them in a tube with the open end closed with a
piece ofmosquito netting, then bringing the mosquito
netting close to a guinea-pig.

It is obvious that sight and scent are the major
factors in assisting tsetse flies to find their hosts
but although sound and touch may not have any
direct bearing on fly-host relationships, indirectly
they may be important.

It has also been suggested that male flies might be
attracted to the females by scent, as happens with
many other insects but so far there is no conclusive
evidence that this is so and this is a further field
for research.

Sound

Buxton (1955) said " There is nothing to suggest
that the sense of hearing is used by Glossina in dis-
covering a host ". Nevertheless, male flies in search
of mates, such as hungry females, which have been
attracted to potential hosts by sight or scent, or both,
often make a noise, for in tsetse-infested areas one
can normally hear G. morsitans and other species of
fly make a squeaking noise when they have settled
on one's back or on the ground nearby. Vander-
plank (1948), referring to " mating notes ", implied
that these are made by " wing beat " and emitted
when the virgin female is flying or sitting. He may
be right, but non-feeding males following also make
this noise. According to Haskell (1961), Landois
in 1867 " ascribed the sounds emitted by various
Diptera to the vibration of a series of lamellae
situated in the trachea close to certain spiracles:
the lamellae are set in motion by the passage of air
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produced by respiratory movements ". Tape record-
ings have been made by Langridge (1964) which
appear to attract male flies to sounds made by
females but from the evidence available it is doubt-
ful whether sound has any practical importance as
an attractant, except at very close quarters. How-
ever, not enough has yet been done on this subject.

Touch

It is probable that Glossina possesses tactile organs
on the tarsi which might give important information
on the nature of the surface of the skin (Buxton,
1955). Similar organs elsewhere on the body of the
fly may perhaps perceive convection currents or
warmth of the host. Lewis & Langridge (1947)
showed that G. pallidipes and G. austeni, when
placed on warm microscope slides, tried to probe
the slides with the proboscis and extruded a drop of
saliva. This indicated that the fly is able to perceive
body heat in a potential host and that heat stimulates
the probing reaction-information which has proved
very valuable in the laboratory to discover whether
flies are infected with trypanosomiasis or not.

Dethier (1952) described the probing response,
the stimuli initiating it and the possible sites of the
receptors involved, in G. morsitans, G. brevipalpis
and G. palpalis. M. Langridge (unpublished data,
1962) made similar investigations on G. pallidipes
and demonstrated that increased temperature resulted
in increased probing under both low and high humid-
ities but the optimum range appeared to be 30°C-
39 C. Increased humidity resulted in increased prob-
ing, at least within the optimum range of temperature.
In addition, she described the thermoreceptors in the
antennae and curved receptors on the tarsi and legs
which appear to be associated with the perception
of heat and perhaps humidity. They may also be
important in the absorption of contact insecticides.

Taste
Buxton (1955) indicated that, after a blood-sucking

insect had reached the body of the host, it might be
able to taste the surface of the animal. After the
skin had been pierced with the proboscis, the sense
of taste and perhaps even of touch might guide the
mouth parts of the fly in penetrating the tissue and
sucking up blood.

It is known that tarsal organs of taste occur in a
number ofsmall muscids and other Diptera. Although
so far there is no proof of the existence of organs of
taste in Glossina, there is a rich and varied supply
of sensillae on and inside the haustellum, the label-

lum is particularly well supplied with sensillae of
several types and there are numerous internal
sensillae in the cavity of the food canal.
The existence of a sense of taste and of touch

seems to be borne out by cinematograph films of
the proboscis probing the skin of a live animal in
which the tip of the proboscis " explores " the tissues
in different directions in search of blood vessels or
reservoirs of blood. It was shown by Lester & Lloyd
(1928) that tsetse fed through a membrane took more
liquids which contained some blood than liquids
which contained none. More work requires to be
done to prove the practical value, if any, of taste in
tsetse control measures.

Hunger

Buxton (1955), in discussing this subject, said:
" as to the insect's sensations of hunger, we know
little... The fact that the insects swallow blood
alone, which is both food and drink to them, makes
it difficult to understand the sensations which might
correspond to hunger and thirst ".

Jackson (1933a), studying the causes and implica-
tions of hunger in tsetse flies, devised a method of
classifying non-teneral male tsetse flies into 4 stages
of hunger from their external appearance when cap-
tured. These stages were: (1) gorged, (2) replete,
(3) intermediate, (4) hungry. This method of clas-
sifying the state of hunger of tsetse has proved of
great practical value in the field.
According to Buxton (1955), " there are large

differences between the species of Glossina in the
choice of host on which the insect will feed in nature.
Moreover, such physiological factors as the sex and
hunger of the insect influence its feeding. The effect
of hunger becomes clear if one studies the reaction
of a species of Glossina towards some host which is
not very attractive to it ". Buxton then quoted the
work of Jack (1941) in Southern Rhodesia in which
it seemed that male G. morsitans are attracted to a
moving human being even if they are " not hungry "
but they will only come to a stationary human being
if they are " very hungry ". In a similar way, male
and female G. pallidipes do not alight on man, even
if he is moving, unless they are " very hungry " but
they may follow him.
Jackson (1955a) designed a spiral fly-round to

study the relationships between G. morsitans and
game at Daga Iloi in Tanganyika; this revealed that
there was a positive correlation between the number
of ungulates present and the hunger of the flies
but a negative correlation between the number of
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ungulates and the number of flies (Langridge et al.,
1963).
Glasgow & Wilson (1953), in studying populations

of G. fuscipes on Nyalagobe hill on the shores of
Lake Victoria, calculated that their number was
5000 and that of G. pallidipes 50 000.
By recording the tracks of the different game

animals on paths and by stretching strands of cot-
ton 12 inches (30 cm) and 24 inches (60 cm) from
the ground on the uphill sides of the paths, they
found that the commonest animals were bushpig,
of which there were 15; there were 13 bushbuck.
From these results they estimated that on the aver-
age every animal supported 1163 G. pallidipes and
if these flies fed once every 4 days, each animal
must support 291 of them a day, or 2 flies every
5 minutes during the hours of daylight. From these
figures, Glasgow & Wilson further calculated that
I G. pallidipes took up 60 mg of blood per feed,
so that each animal lost 17.5 g of blood per day.

Smith & Rennison (1961b), conducting experi-
ments with Morris traps in south-eastern Uganda,
found that almost no G. pallidipes were caught in
traps between 18.30 hours in the evening and
6.30 hours in the morning.

Smith & Rennison (1961b) further described
catches of G. pallidipes made between 08.00 hours
and 18.30 hours daily in the early wet season of 1957
and the dry season of 1958, using small East African
zebu oxen, Morris traps and standard fly-round
techniques. More flies were attracted to the oxen
in the morning and evening than at midday but the
evening increase was most marked in the wet season.
During the dry season, catches were lowest at the
hottest times of the day but rose slightly in the
evening. Smith & Rennison also demonstrated that
there may be differences in times of feeding between
male and female flies. When traps were used, most
female flies were caught between 12.30 and 14.00
hours at both seasons. Most males were caught
between 14.00 and 15.30 hours in the wet season
but only in fairly small numbers at any time in the
dry season (Langridge et al., 1963).

Pilson & Leggate (1960), in Southern Rhodesia,
studied the feeding activity of G. pallidipes on
tethered oxen throughout the day. In the hot dry
seasons there was steady feeding throughout the
day which increased from noon onwards and resulted
in a slight peak in the early afternoon. This activity
increased rapidly and ceased abruptly between 18.45
and 19.00 hours. During wet seasons, fewer flies
attacked the animals and there was no morning

feeding peak but there was a gradual rise in feeding
activity until late afternoon, followed by a fall-off
and feeding stopped between 18.45 and 19.00 hours
(Langridge et al., 1963).

Movement

Tsetse flies attracted to moving objects are not
always in search of food. According to Buxton
(1955), some types of fly movement are caused by
a perception of shade, a desire to mate, etc., but
there are movements which follow extrinsic stimuli,
such as a tendency to explore large objects and to
settle on them, which results in the tsetse being
passively transported.

Moggridge (1936), in the Lake Province of
Tanganyika, observed that G. swynnertoni was fre-
quently transported on a team of oxen across an
open grassy area about a mile wide and that they
would remain for 10 to 25 minutes. In the wet
season, the flies tended to stay longer than in the
dry season, partly because they were less hungry
but mainly because more flies were picked up from
the bush at that time.
When men were used, the flies stayed much longer

than with oxen. The explanation was that G. swyn-
nertoni is less willing to feed on man and therefore
it stayed longer and was carried further.
Many other workers have studied the habit of

passive transportation of tsetse flies and some have
shown that they can be carried long distances by
man on a bicycle or on vehicles. Lewis (1942, 1947,
1950) gives a number of instances of tsetse flies
being carried on cars, lorries and trains, often far
into fly-free country where cattle are kept. In the
course of 24 weeks, 5260 tsetse flies were caught from
the undersides of carriages of goods trains and
others on passenger trains travelling between Nairobi
and Mombasa in Kenya. Later, Fairclough (1956)
described an experiment designed to control the
carriage of tsetse flies on trains in Kenya. At Simba,
from December 1960 to November 1961, 25 805
flies were caught off trains (MacOwan, 1962).

G. fuscipes is attracted to moving canoes on lakes
and rivers. Fiske (1920) observed that it would
cross up to 100 yards (90 m) of water to reach a
canoe but would not generally go further. Symes &
Southby (1938), in studying the movement of marked
flies between the islands on Lake Victoria, demon-
strated that they could apparently fly unaided across
the open water up to a distance of 400 yards
(ca 360 m).
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In Northern Nigeria, Nash & Page (1953) recorded
that a marked G. palpalis moved 3 miles (4.8 km)
along a stream bed near Kaduna.
Kernaghan (1950-60), at Kujama about 12 miles

(19 km) from Kaduna, recorded marked G. palpalis
going at least 2 miles (3 km) across a watershed away
from the river and one fly moved for 2 tniles along
a river in 2 days.
Simpson (1918), on the Gold Coast (now Ghana),

found that the greatest distance covered by a single
marked G. morsitans released near a road was
4 miles (6 km), but along a river bank a single
marked fly moved 7 miles (11 km).
Nash (1948) recorded that on one occasion in

Northern Nigeria, while riding a bicycle, he trans-
ported a G. tachinoides for 7 miles under the rim
of his helmet.
Simpson (1918) also demonstrated that marked

G. morsitans would move up to 4 miles along a road
traversed by cattle.
Page (1959), working at Ugbobigha in Southern

Nigeria, observed that the maximum distance
travelled by marked G. longipalpis Wiedemann was
31/2 miles (5.6 km). There was also some evidence
to show that this fly might extend its range of
movement in wet periods.

In Kenya, Glasgow (1954) observed that a marked
G. fuscipes moved a distance of 13 miles (21 km)
along the Kuja river in South Nyanza province.
Buxton (1955) mentioned 3 known cases of tsetse

flies being transported by aeroplanes across the
Atlantic.
Buxton (1955) also said that there was no question

but that tsetse flies were frequently carried about by
game animals as they grazed, but a very contro-
versial matter of more importance is the possibility
that some species of Glossina migrate for long
distances following game animals.
Swynnerton (1936) indicated that as a result of

the habit of tsetse flies of riding on man and animals,
a fallacious idea has arisen that a fly community
will follow a herd of game animals " sometimes far
outside the normal tsetse fly limits". Tsetse flies
do not live in continual association with their animal
hosts.. Quoting Jackson, Swynnerton went on to
say that " they feed on the animals when they find
them and immediately afterwards fly off to digest
their meal". As the need for food only recurs at
from 2 to 4 days in the dry season and at 11 or more
days in the wet season, there is plenty of time for
the flies to lose contact with a herd. But the regular
habits of many wild ungulates in their use of paths,

glades and mbugas as grazing grounds or passages
have enabled the fly to adopt habits which keep it
in contact with resident game animals.

Further, Swynnerton (1936) said that although
the fly did not follow game very far, individually,
a definite concentration of game indirectly draws in
flies from the surrounding bush and so causes a
strong local fly concentration. Nash (1933a)
determined part of the mechanism by which this
came about by showing that the flies tend to follow
game paths so that tsetse concentrations could build
up in areas of game concentration and persist for
some time after the game had dispersed.
The movement of flies over long distances from

their original home is a very important factor in the
reinfestation of reclaimed country and may be a
major factor in fly advances of the type which have
taken place in Northern Nigeria; but where the
habitat is unsuitable for some reason or other,
the fly does not seem to be able to establish itself,
although it may be brought in continually in large
numbers as happens in Kenya with flies carried by
trains along the Nairobi-Mombasa line into the
country between Emali and Nairobi.

RESTING-SITES

Jack & Williams (1937) demonstrated that G. mor-
sitans entered the darkened portion of an appropri-
ately designed apparatus when the temperature was
32°C (90'F). This " negative reaction to light "
might give some idea of the mechanisms which cause
flies to avoid high temperatures (Langridge et al.,
1963). It might also have some bearing on the fact
that tsetse flies are attracted to dark from light areas
and upon the resting-sites chosen by the different
species of fly at different seasons. Nash (1942),
in Northern Nigeria, showed that the movement
of female G. morsitans away from the forest edge
coincided with rising soil temperature in the dry
season and rising soil moisture in the rains. It was
not the result of any ability on the part of the female
fly to detect differences in the dryness of the air but
to a " negative reaction to light developed by the
whole community under conditions of universally
high temperature " so that the period of migration
of the tsetse community coincided with the time
when shade temperatures approached the point at
which Jack & Williams had found the negative
reaction to light began.

Langridge et al. (1963) quote the work of a large
number of authors on the favoured resting-sites of
some of the different species of flies.
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Langridge (1959) himself studied the resting-sites
of 5 different species of tsetse flies in Kenya and
showed that the requirements of G. longipennis, which
lives in rather arid country, are shade during the
daytime and easy access to open game paths.
It rests under dead logs, fallen trees, rock outcrops;
on multistemmed bushes such as Cordia and Grewia,
and in the folds and fissures of the trunks of larger
trees like baobabs.

In the Central Province of Kenya, G. brevipalpis
disperses after the rains from its normal habitat in
tall thicket, when the vegetation is in full leaf,
into more open country. Yet, in the coastal forest
it rests during the dry weather in places where the
evergreen vegetation in the lower canopy is more
shady than in the semi-deciduous surroundings.
It perches on looped-over or horizontal branches up
to 3 feet (90 cm) from the ground near pathways in
the undergrowth used by game animals.
On the Kenya coast, G. austeni is confined almost

entirely to tall thickets and forest. In the hot,
dry weather it uses the dense undergrowth providing
the deepest shade, where it can be found on the
undersides of horizontal branches up to 3 feet from
the ground in places where its range of vision is not
obstructed by leaves. It has also been seen resting
under curled dead leaves on the forest floor.

In Kenya, G. pallidipes occurs within a wide range
of conditions. It is an elusive fly, difficult to study,
and little is known about its resting-habits except
that at the coast its dry-season resting-sites appear
to be similar to those of G. brevipalpis and in central
Kenya it may be found in sites occupied by G.
longipennis.
Isherwood & Duffy (1959) studied the resting-

habits of G. pallidipes in two transects across the
Ruma thicket in the Lambwe Valley of Kenya:
(a) in forest dominated by Euphorbia candelabrum,
(b) in continuous thicket, and (c) in thicket clumps
separated by wooded grassland. They observed
striking changes in the distribution of resting flies
and a large amount of information was obtained
concerning the ratios of resting to active flies but
unfortunately no information is given about the
actual positions in which the resting flies were found.

In the Zambezi Valley in Southern Rhodesia,
Pilson & Leggate (quoted by Langridge et al., 1963,
p. 683), found that during most of the year in riverine
vegetation G. pallidipes rested on branches of trees
and shrubs at heights generally over 3 feet from
the ground but in hot weather such sites were
only used in the early morning and towards sunset.

When the temperature rose above 30°C, the flies
moved to boles of trees less than 3 feet from the
ground, to fallen logs and to rot holes in large trees.

Fiske (1920) found that G. fuscipes on Lake
Victoria in Uganda required two kinds of shelter
" (a) light [shelter] such as serves at breeding-
grounds and for the active flies, and (b) massive or
forest-like [shelter] which is required by the inactive
flies ".
Nash (1948), discussing the requirements for opti-

mal conditions of " vegetational insulation " in a
G. palpalis (R.-D.) habitat in Nigeria, said the width
of riverine fringing forest should not be less than
50 yards (45 m). In the northern parts of Nigeria,
particularly in the Sudan zone, the fringing forest
is usually much narrower, so that here a G. palpalis
habitat must also include pools of water which help
to produce suitable microclimatic conditions with
the forest " ecoclimate ".

Little appears to be known, however, about the
actual resting-sites of G. palpalis in Nigeria, though
they have been observed resting at an average height
of 31/2 feet (1 m) above the ground and they have
not been seen at heights greater than 7-8 feet
(2 m-2.4 m) above the ground (Mulligan, 1952).

Moiser (1912) found G. tachinoides plentiful in
Northern Nigeria where there was always a pool of
water nearby and he found them sheltering in low,
straight-stemmed bushes close to the pools. Nash
(1948) observed that G. tachinoides was confined to
riverine vegetation, particularly in the north in the
dry season.

Moiser (1912), in studying the resting-sites of
G. tachinoides, found flies at rest on the undersides
of small branches, generally within a foot of the
ground and most frequently at about 6 inches
(15 cm).
Nash (1935) demonstrated that in the Sudan zone

of Northern Nigeria, G. morsitans submorsitans
could not withstand temperatures above 106°F
(41.1°(C) and the " critical zone " lay between 102.5°F
(39.2°C) and 106°F (41.1°C), also that 100% mor-
tality occurred in ffies subjected to the latter tem-
perature for 60 minutes. Further experiments in the
field indicated that in the hot dry season the tempera-
ture on the ground in shade in patches of fringing
forest could be as much as 4.4 deg C lower than sites
above the ground, which suggested that on very hot
days only the ground in the true forest was safe
for tsetse flies. In all other sites, the temperature
might enter the critical zone and even reach the
upper fatal limit, so that in the late dry season a
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G. morsitans community might be living very near
critical temperatures.
MacLennan & Kirkby (1958) observed that, in the

dry season in fringing forest on the Misau river in
the Sudan zone in Northern Nigeria in 'the day-
time, many G. morsitans rested on tree trunks up
to 7 feet (2 m) above the ground, but Davies & Blas-
dale (1960), working in the same area during the
dry season, found that very few of these flies actually
rested above 5 feet (1.5 m) from the ground during
the hottest part of the day.

In the Northern Guinea zone near Kaduna in
Northern Nigeria, Nash (1952) discovered that most
engorged G. morsitans (526) were resting on tree
trunks aild branches up to 3 feet (90 cm) above the
ground in a vertical position with the head upwards.
Most of the flies in the " intermediate " and " hun-
gry" stages (152) rested about 6 feet (1.8 m) up
from the ground, although many were observed to be
sitting in a horizontal position with the dorsum
downwards to heights up to 14 feet (4.2 m) above
the ground.

Aitchison (quoted by Glover, 1961), also working
in the Northern Guinea zone, discovered numbers of
flies resting beneath horizontal branches at heights
varying from 7 feet to 12 feet (2 m-3.6 m) above
the ground at about 10.00 hours in Isoberlinia
woodland. InvariabWy those branches which were
3 feet to 10 feet (90 cm to 3 m) above the ground
were most " popular " and the flies usually rested
on their undersurface with the head pointing out-
wards. These high resting-places would be particu-
larly advantageous to the fly when the grass was
tall in the late wet season.
Buxton (1955) quoted C. H. N. Jackson as saying

that in Tanganyika male G. morsitans commonly
rest under overhanging branches up to 12 feet
(3.6 m) above the ground.
An accurate knowledge of the daytime and night-

time resting-sites of tsetse flies is of great importance
to the success or failure of present-day control meas-
ures in applying insecticides to vital parts of the
tsetse fly habitat. It also helps to increase efficiency
and reduce costs.

Day resting-sites

Cook (unpublished data, 1963) observed G. tachi-
noides and G. morsitans inside a netting enclosure
at Azare in the Sudan zone. Observations were
carried out between January and April 1963 when
the climate changes from cool to hot and dry and
then to hot and moist.

At temperatures below 85°F (29.4°C) and low
relative humidity, the undersides of horizontal
branches were preferred by G. morsitans. At tem-
peratures above 90°F (32.2°C) and low humidity,
large vertical trunks were preferred. With a rise in
temperature, the move from branches to trunks by
female flies occurred at lower temperatures and in
greater proportion than by males. Branch resting-
sites were either horizontal or inclined not more than
400. Larger branches were preferred even though
there were fewer available than small ones. Before the
observer entered the cage, the flies were seen resting
at heights of 9 feet to 12 feet (2.7 m-3.5 m) above the
ground but after he had gone in, the flies were disturb-
ed and settled at different heights on thick branches.
With trunk resting-sites, a large Diospyros was

preferred and 158 G. morsitans were seen on it but
only 2 on the smaller dry trunks. As the tempera-
ture rose, the flies tended to rest lower on the trunk
and only at temperatures above 90°F (32.2°C) were
any flies found at rest below 1 foot (30 cm) from
the ground. At temperatures below 90°F, 10 flies
were observed resting below 4 feet (1.2 m) and 14
above 5 feet (1.5 m). At temperatures above 90°F,
84 flies were seen at rest below 4 feet and 32 above
5 feet. Some 30% of G. morsitans females as opposed
to 70% of G. tachinoides females were observed rest-
ing below 3 feet from the ground at a temperature
of 90°F.
Swynnerton (1936), who found G. swynnertoni

using Acacia woodland both as a feeding and a
breeding ground at Banagi on the edge of the
Serengeti plains where game is very abundant, said
that it appeared likely that where blood could be
obtained at any moment by the fly, the need for
the dense shade element in its vegetational require-
ments was reduced, but this happened only very
rarely and locally.

Langridge, Smith & Wateridge (unpublished data,
1964) studied 6 types of vegetation communities
inhabited by G. swynnertoni in the Mara area of
Kenya and found that small patches of thicket
with scattered trees and grassland carried the greatest
number of flies (30% of the total number caught).
Escarpment woodland and Acacia drepanolobium
(gall acacia) communities also carried a fair number
of flies (22% and 21 %). Large thicket patches con-
tained approximately half the number found in the
small thicket communities (i.e. 16.4 %), but riverine
thicket and open plains with scattered trees carried
the least (5 % each). The reason for there being
more flies in the small patches of thicket than in the
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larger ones was probably the better visibility and
greater ease in finding food.
Within these plant communities, which were in

the process of destruction by elephant and fire,
Langridge studied the importance of the different
species of plants as resting-sites for G. swynnertoni
and found that those which had developed an
umbrella shape as a result of being browsed or
rubbed by animals standing in the shade, or had
had their lower branches burnt by grass fires, were
the most favoured sites for this fly. In the small
patches of thicket, the woody, multistemmed shrubs
Grewia trichocarpa and Cordia ovalis were used
most frequently as resting-sites by the fly. In the
escarpment woodland, Lannea stuhlmannii was most
frequently used. In the gall acacia community,
Acacia nilotica was used most frequently when it
occurred on the edge of this vegetation type but
grass fires caused fly numbers to drop very low,
probably as a result of loss of shelter and the move-
ment away of giraffe (a favoured host which browses
on the acacias when the leaves are fresh and green).
In all these resting-sites, the flies were usually found
on the undersides of branches with the head facing
outwards where visibility was good and a host
could be easily detected. The umbrella-shaped
shrubs and trees also afforded good shady places
for game animals such as topi, zebra and impala
to lie up, yet G. swynnertoni does not normally
feed on these animals (Langridge, 1960b).
Although two or three species of woody plants

were found to be most attractive to the fly as resting-
sites, it was really their shape and growth habits
which were responsible for this fact.
Chadwick (1964) observed that in Tanganyika

(Tanzania) the most important resting-sites for
G. swynnertoni were beneath the branches of trees.
Of these sites 77% were on branches between
1 inch (2.5 cm) and 4 inches (10 cm) in diameter;
87% were on branches with less than a 350 angle
and 32% between 4 feet (1.2 m) and 9 feet (2.7 m)
from the ground. The ffies were invariably found
to be directly below the axes of the branches.
It was estimated from apparent density calculations
that about one-third of the population was seen,
and Chadwick concluded from these observations
that treating only the undersides of branches with
insecticides between the limits where the flies are
known to rest might have a good chance of success.
Davies (1966), in Northern Nigeria, summarized

what he thought were the main categories of resting-
sites for Glossina in general as:

(a) True resting-sites, which are purely for resting, and
during this period flies will not leave these places even to
look for food unless they are very hungry. These sites can
be divided into:

(i) Night resting-sites: flies are inactive for most of the
night and spend their time resting.

(ii) Day resting-sites: these are important during the
warmest part of the day in hot weather; the hotter
the weather, the lower on the vegetation the fly
settles.

(b) Watching sites. Rest is not the main purpose here,
and these can be divided into:

(i) Hunting sites: flies perch on these spots waiting for
hosts to come along.

(ii) Following sites: these are very important sites. When
flies are following a moving object which stops,
they may alight on nearby vegetation or on the
ground until it moves again.

Sites used for the same purpose may be in dif-
ferent zones of vegetation; they may also vary with
the season. For some species, the same site may
serve more than one purpose.

There are some sites that are used on special
occasions, such as (a) the site used by a female to
give birth to a larva, and (b) the site used by a fly
immediately after it has fed (engorged flies cannot
fly far and are in a hurry to settle).

It seems that as a general rule, most flies rest on
the woody parts of the vegetation during the day
and on the leafy parts at night.

Night activity
It is generally accepted that G. morsitans and

G. swynnertoni are relatively inactive at night and
it has long been a habit of cattlemen to move their
herds through tsetse country at night. However,
G. brevipalpis and G. longipennis are crepuscular and
may be more active at night than is generally realized.
In this connexion, Swynnerton (1936) remarked that
many instances have occurred in the course of tsetse
research work in Tanganyika when G. brevipalpis,
in some numbers, came into the camp at night.
Even as far back as 1912, Neave recorded G. longi-

pehnis as coming constantly to trains at night.
Power (1964), in carrying out an investigation into
the activity pattern of G. longipennis near Lake Jipe
in Kenya, noted that this fly was very active at sunset
but much less so at dawn and virtually inactive dur-
ing the daytime, particularly in relation to man.
The presence of host animals (rhinoceros) could
have an overriding effect on the fly, inducing
limited activity at times other than its normal peak
activity periods.
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His observation further showed that the fly activ-
ity rose as the saturation deficit increased and as the
light intensity decreased until the light was too poor
for efficient catching. Results from recaptures of
marked flies suggested that this species readily dis-
perses over a distance of at least 600 yards (ca 55 m).
There is also a possibility that G. pallidipes hunts
at night as well as in the daytime.

Chorley & Hopkins (1942), using a bait ox in the
Buruli district of Uganda, demonstrated that G. palli-
dipes was more active on moonlit nights than on dark
nights but there was some evidence of activity all
through the night even on very dark nights.

Swynnerton (1936) said that " in view (a) of the
great size of the night population [of mammals];
(b) of the fact that some tsetses are probably partly
nocturnal, while others may find an incidental source
of food in the night mammals lying up in the day-
time; and (c) of the possibility therefore that some
of the night vertebrates proper might in some areas
play a part were ungulates to be exterminated ",
the extent to which nocturnal mammals are used
by tsetse may be worth studying.

Bushpig, of course, is noctural and in the follow-
ing pages it will be shown that it is an important
source of food, especially to the forest-dwelling
species of tsetse.

Night resting-sites

Kernaghan (1950-60) observed that G. tachinoides
marked with fluorescent paint and released at night
on the Duddurun Gaya river in Northern Nigeria
tended to perch more often on stems head upwards
than on leaves at a height of 3 to 4 feet (96 cm-1.2 m)
above the ground. Occasionally they were found
on leaves 12 feet (3.6 m) above the ground. Dark-
ness did not prevent feeding but once at rest the
ffies were quiescent and could be picked off the
vegetation by hand.

Southon (1958), at Shinyanga in Tanganyika,
found that G. swynnertoni marked with reflecting
glass beads and unmarked flies moved at dusk from
the normal diurnal resting-sites on the undersides
of branches to the upper surfaces of leaves and
returned to the branch resting-sites at dawn. These
observations confirmed and extended those made by
Jewell (1956, 1958), and Rennison et al. (1958).
McDonald (1960) also carried out experiments in
Nigeria on the detection of tsetse flies at night with
ultraviolet light.
Cook (unpublished data, 1963) watched resting

flies at night inside the same netting enclosure

which was mentioned earlier by putting a spot of
fluorescent paint on the thorax and locating them
with an ultraviolet lamp. The live Diospyros tree
inside the cage had fresh leaves but there were also
dead leaves on the Tamarindus branches which had
been introduced. Of 37 flies observed, 4 males and
18 females were resting on the leaves; the remainder
were more or less evenly distributed on the twigs,
branches and the large Diospyros trunk.
A marked preference for the upper sides of leaves

was observed, 14 of the flies being on top of the
leaves, 1 on the side, and 1 on the lower surface of
a leaf. Two were on the top of twigs.

Five males and 3 females were seen resting be-
tween 1 and 2 feet (30 cm-60 cm) from the ground
and 1 male and 10 females between 9 and 12 feet
(2.7 m-3.6 m) from the ground. The mean height
above the ground was 3.7 feet (1.12 m) for males
and 7.6 feet (2.31 m) for females (MacLennan,
1964).
Of 18 G. morsitans observed by Cook inside the

netting cage at night, 13 males and I female were
resting on the leaves, the remainder on twigs and
branches. There was no preference for Tamarindus
or Diospyros. Eight of the 18 flies were on top of
the leaves, 3 were on the vertical sides of leaves
and 2 were on top of twigs. At a height of I foot
(30 cm) above the ground, only 1 male and no
females were seen. Between 6 feet (1.8 m) and 12 feet
(3.6 m) from the ground, 12 males and 2 females
were seen. Between 9 feet (2.7 m) and 12 feet up,
5 males and 2 females were observed. Most of the
flies seen were near the top of the cage.

THE FOOD OF TSETSE FLIES

Swynnerton (1936), in discussing the subject of
animals used for food by tsetse flies, said that the
differences in the prey of different species of fly are
the result of varying habitat combinations which
bring flies into contact with different combinations
of food animals. For example, G. palpalis, living
near water, come more into contact with crocodiles
and monitor lizards than do G. morsitans, but
G. tachinoides can be equally independent of game.
G. morsitans and G. swynnertoni live in game country
and therefore their habits are closely adapted to
game animals.

G. brevipalpis, which spend the daytime in dense
thickets and riverine vegetation, would be more in
contact with forest animals such as bushpig, buffalo,
elephant, baboon, hippopotamus, etc. than other
flies.
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G. pallidipes hide and attack in thickets but they
are also able to search freely by day in open savan-
na or woodland which forms the normal home of
G. morsitans. Swynnerton also stressed the impor-
tance of bushpig (Potamochoerus) as host of the
three flies G. pallidipes, G. brevipalpis and G. austeni.

Further, Swynnerton (1936), in considering the
general relation of tsetse flies to the diurnal ver-
tebrates, which include reptiles, carnivores, domestic
ungulates, primates, insectivores and bats, rodents
(porcupines) and birds, said that there is no mam-
malian group which can compare with the ungulates
as food for the open-woodland (or savanna) tsetse
flies G. morsitans and G. swynnertoni but the riverine
and lake-shore fly, G. palpalis (G. fuscipes in East
Africa), could adapt itself to an avian diet and he
quoted the findings of Carpenter (1924).

In addition, Swynnerton (1936), in discussing the
relation of the density of G. morsitans and G. swyn-
nertoni to that of the ungulates, quoted Nash (1933a)
as saying that the " game factor " is thought to be
the least important of the three agents-season,
vegetation and game. Nash remarked that it was
surprising that when game seemed to be exceedingly
scarce, the fly continued to be well fed.

In this connexion, Jackson (1933a) said that
"broadly speaking, if food is adequate to support
permanently a few tsetses, it is adequate for any
number. If food is absent or inadequate for a large
number of tsetse, then not even a few can exist ".
In the light of more modern information on the
effects of game destruction on the smaller ungulates,
this point is important (see later).

IDENTIFICATION OF BLOOD MEALS

One of the earliest methods of investigating the
food supply of tsetse flies was by measuring the red
blood cells from engorged wild flies. In this way,
Lloyd & Johnson (1924), in Northern Nigeria,
demonstrated that of 215 blood specimens taken
from G. morsitans, 93 % were from mammals and
7% from birds. Of the 93% mammalian blood,
4.2% came from man, monkey, dog, jackal or hare,
which could not be distinguished because of the
similarity in size of their corpuscles.

Despite the volume of information on this subject
accumulated since 1900, it is only in the past 40 years
that serious attention has been given to serology as
a means of identifying the blood meals of engorged
tsetse flies.
In 1927, the practicability of the precipitin test

was first investigated by Lloyd, Johnson & Rawson

in Northern Nigeria. They showed that G. tachi-
noides fed more frequently on primates than did
G. morsitans, although a big proportion of this
fly's feeds was also on primates and it was claimed
that the presence of baboons in large numbers could
provide an alternative supply of food to ungulate
blood.
Symes & McMahon (1937) used the precipitin

test to study the food habits of G. swynnertoni and
G. palpalis (G. fuscipes) in Kenya, but the method
had technical disadvantages in general use at that
time.

Fiske (1920) designed some simple experiments on
Lake Victoria to determine the host preferences of
G. palpalis (G. fuscipes) by exposing a crocodile,
a Varanus lizard and a goat on a small island where
the fly density was high. He also exposed cattle,
sheep, pigs and man with Varanus and found that
Varanus was always bitten more frequently than
the others.

In 1952, Weitz devised a method of testing the
antigenicity of sera of man and animals by the
preparation of specific precipitating antisera. In 1955,
he produced a more specific test involving the " inhi-
bition of agglutination of tanned red blood cells "
which made it possible to determine accurately on
what animals engorged flies had fed (Weitz& Jackson,
1955). This test has since made it possible to study
the host preferences of 15 species of tsetse flies in
various parts of Africa (Weitz, 1963).
By the use of Weitz's new method at the West

African Institute for Trypanosomiasis Research in
Northern Nigeria between 1955 and 1960, it was
shown that out of 756 wild G. morsitans submorsitans
feeds, 54.9% were from Suidae, 20.4% were from
primates, and 11.9% from Bovidae; only 0.5% were
from reptiles and 3.8% from birds. Out of 122 spe-
cifically identified primate feeds, 93.4% were fronm
man (Willett, 1960).

In the same period, data collected from various-
localities within 100 miles (160 km) of Kaduna in
Northern Nigeria showed that 41.7% of wild G. pal-
palis (R.-D.) feeds were on reptiles, 28.3 % on
primates, 19.6% on Bovidae, 5.4% on Suidae and
2.5% on birds. Of 62 specifically identified primate
feeds, 91.9% were from man. This fact is important
for it shows that man is by no means a casual
source of food for G. palpalis in Nigeria. The high
proportion of feeds on reptiles shows that the
monitor lizard population must be great and easily
available. The large number of bovid feeds is also
significant because 3 out of I I collected in 1956 and.
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4 out of 15 in 1957 were from oxen, indicating that
G. palpalis does feed on cattle.
Taylor (1930), in describing an epidemic of sleep-

ing-sickness which took place at Ganawuri in
Northern Nigeria in 1929, said that at that time
the food supply of G. palpalis (R.-D.) on the streams
was derived entirely from man and his domestic
animals which included sheep, goats, dogs and
horses. Game was entirely absent.
Jordan et al. (1962) showed that out of 426 blood-

meals of G. tachinoides collected from widely sepa-
rated areas in Northern Nigeria in 1961, 30% were
from man and 8% from reptiles. A number of the
feeds were from oxen but the indigenous species of
Bovidae appear to have been of limited importance
as hosts. Jordan et al. also showed that, although
Lloyd et al. (1927) had found that the proportion
of non-mammalian blood in G. tachinoides feeds at
Gadau was highest at the end of the wet season
and lowest at the end of the dry season, even allow-
ing for inaccuracies in the early techniques, there
were marked differences in the feeding habits of
G. tachinoides in the vicinity of the river Jema'ari,
near Gadau, between 1923 and 1961. In 1923,
wild game had been more common in the areas
concerned. There were no cattle and the human
population was low. In 1961, the human popula-
tion was very much greater and there were numerous
cattle. This change in the feeding habits of G. tachi-
noides, it was claimed, was related to the change in
availability of the various host species. However,
although G. tachinoides will feed readily on cattle,
no feeds were identified from sheep and goats,
which were common in the fly habitats.
Of 153 blood meals of G. tachinoides collected by

Baldry (1964) from Nsukka in Eastern Nigeria,
in the wet season, 54.7% were from domestic pig,
7.6% from bovids (probably cattle), 2.5% from
roan antelope, 2.5% from porcupine, 1.7% from
man, and 29.9% from unidentified mammals. The
large proportion of unidentified mammal feeds
was interesting and Baldry thought they might be
from rodents. If this were so, it would throw a new
light on the reservoirs of Trypanosoma gambiense
in sleeping-sickness areas, as it is well known that
T. gambiense lives quite well in some laboratory
rodents.

In the dry season, 94.5 % of the feeds were from
domestic pig and 5.5 % from bovids.

Collections of the guts of some 200 G. austeni
made by Johns (1950), in Zanzibar, revealed that
nearly 30% of the feeds were on pig.

The natural feeding habits of 7 species of tsetse
flies in Tanganyika were investigated by Weitz &
Glasgow (1956). Significant preferences for Suidae
were observed with G. morsitans, G. swynnertoni
and G. austeni, which derived at least half of their
feeds from pigs. G. fuscipes fed mainly on reptiles
and birds; bushbuck formed the greater part of
G. pallidipes feeds, and G. brevipalpis showed a pre-
ference for hippopotamus in an area where other
game had been partly eliminated.
At Kiboko, in Kenya, Weitz et al. (1958) found

that 74% of G. longipennis feeds were on rhinoceros,
16% on buffalo and 10% on birds, elephants, pigs,
cats and unidentified bovids. Single feeds were
observed on ox, dog and porcupine. G. longipennis
did not appear to feed on zebra, waterbuck, impala
or Grant's gazelle, although these hosts were very
common. Lesser kudu, buffalo and eland were
important sources of food for G. pallidipes in that
area.

In the Mara area of Kenya Masailand, G. swynner-
toni fed on a high proportion of Suidae (62%) and
ruminants (27 %)-chiefly giraffe and buffalo.
Glasgow & Isherwood (1958) collected engorged

G. swynnertoni and G. pallidipes at Shinyanga in
Tanganyika throughout the year and found that at
all times Suidae were the most important hosts.
Active male G. swynnertoni averaged about 76%
Suidae in their feeds, resting males about 30 %,
resting females about 90 %, and both sexes of
G. pallidipes about 94%.
Lamerton (1960) reported the preliminary results

of an experiment carried out in two areas near
Kondoa in Tanganyika, giving blood-meal analyses
of G. morsitans and G. pallidipes correlated with
game spoor observations. It appeared that Suidae,
together with larger bovids, were the most important
food animals of G. morsitans in these areas. The
numbers of G. pallidipes caught were too small to
yield conclusive results. The spoor of the largest
animals (elephant, giraffe and rhinoceros) were
recorded most often. This fact demonstrated the
inaccuracy of estimating food preferences of tsetse
flies by spoor observations alone.
Lamprey et al. (1962), working at Tarangire in the

Northern Province of Tanganyika, showed that
although warthog, rhinoceros and buffalo comprised
only 3%, 0.2% and 0.02% of the large mammal
population in the area, they provided 77%, 2% and
14% of the food of G. swynnertoni. Impala, how-
ever, which comprised 70% of the large mammal
population, provided only 1% of the G. swynnertoni
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feeds. These workers calculated that each warthog
in that area must lose 13 g to 27 g of blood a day.

Langridge (1961) studied the host animals of
G. pallidipes, G. austeni and G. brevipalpis in the
forest of the coastal region, those of G. pallidipes,
G. longipennis and G. brevipalpis in the savanna
country of central Kenya at Kiboko, and those of
G. pallidipes and G. swynnertoni in the thicket areas
of Masailand. The extent to which the feeding
habits of G. pallidipes and G. longipennis were trans-
ferred to domestic animals when these were suddenly
introduced was also investigated at Kiboko in dry
savanna country.

Detailed records obtained from spoor paths of
the numbers of game animals present in the experi-
mental areas were collected simultaneously with the
engorged flies to determine the true host relation-
ship of these five different species of tsetse flies.
Langridge's findings confirmed those of Weitz et al.
(1958) and showed that the principal hosts of
G. longipennis at Kiboko were rhinoceros, elephant
and giraffe. The relative preferences for the four
animals mentioned above were in the ratio of
4: 2: 2: 1 respectively, over a period of a year,
calculated from spoor records and blood-meals and
the discrepancy from the actually observed propor-
tions of 15 : 7 : 4 : 1 was the result of the relative
abundance of the four different animals.

Using true preferences in conjunction with spoor
records, it was shown that the fly was not totally
dependent on the preferred hosts in any locality
because when these hosts temporarily disappeared
from the experimental areas, the fly did not die out
but transferred its feeding habits to other less

favoured animals, even cattle, but it still did not
feed on waterbuck, Grant's gazelle or impala.
Onyango et al. (1966) demonstrated that G. fuisci-

pes in Central Nyanza in Kenya has adapted itself
to feeding on man and his domestic animals.
At Talek, in Masailand, 70% of the feeds of

G. pallidipes were on buffalo, which were common
there, and 14% on pig. In the same area, G. swynner-
toni took 40% of its feeds from warthog, 19% from
buffalo and 14% from giraffe, but no zebra feeds
were found and only a few from hartebeest, impala
and gazelle, although they were the most common
animals there.
Blood meals of flies from other parts of Kenya

are shown in Table 1.
Langridge et al. (1963), quoting information sup-

plied in 1962 by Ford, showed that in the Zambezi
area of Rhodesia, the broad picture revealed by the
analy'sis of blood-meals of G. morsitans did not
differ significantly from that found elsewhere. Suidae
markedly predominated as hosts of G. morsitans dur-
ing the wet weather but during the hot dry weather
Bovidae became more important than pigs. This
might be associated with the seasonal distribution
of the game animals and the fly. During hot weather,
both the fly and the animals tended to concentrate
on rivers and, when this happened, the antelope
became more eastly available to tsetse. At the onset
of the rains, when the fly and the game disappeared
into the general woodland, pigs became the favoured
hosts of the fly. In the same area, a small number
of engorged G. pallidipes collected in 1957 showed
that this fly appeared to feed predominantly on
buffalo.

TABLE I
ANIMAL SOURCES (%) OF BLOOD MEALS OF TSETSE FLIES IN KENYA

Glossina species

G. Ionglpennis

G. swynnertoni

G. austeni

G. brevipalpis (dry savanna)

G. brevipalpis (coastal forest)

G. pallidipes (dry savanna)

G. pallidipes (coastal forest)

Rhinoceros Elephant Buffalo

58.4

-a

-a

44.1
3a

37.8

-a

17.9

-a

-a

40.2

8a

18.1

-a

13.8

20.1

-a

7.4

6a

6.4

-a

a Did not occur or was rare.
b No record.

Giraffe

4.2

15.8
-a

b

-a

12.8
-a

Warthog

-_

52.1

-a

-a

-a

-a

-a

Bushpig

-a

-a

46.8

-a

80.6

5a

58.8

Duiker

-a

a

22.2

-a

6.3
8a

8.8

Others

6.3

11.2

29.3

7.4

-a

25.0

33.8
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De Andrade Silva & Marques da Silva (1958)
demonstrated that the main hosts of G. austeni in
southern Mozambique were suni (Nesotragus living-
stonianus) and grey duiker (Sylvicapra grimmia).
Pires (1951), also in Mozambique, established that
G. brevipalpis on the Maputo river was largely
dependent on hippopotamus for its food supply.

Isherwood et al. (1959), studying the animal hosts
of G. pallidipes in various vegetation zones in the
Lambwe Valley in Kenya, revealed that bushbuck
was by far its most important source of food in
this area and confirmed the findings of Weitz &
Glasgow (1956).

Isherwood (1958) observed engorged G. fuscipleuris
Austen alongside fed and unfed G. pallidipes in the
forest of Mitoma county of Ankole in Uganda,
so that it seemed that in this area at least G. pallidipes
and G. fuscipleuris may have similar resting-sites.
He was able to catch only one engorged G. fuscipleuris
and it had fed on pig.

Jordan et al. (1961) collected 2234 blood-meals
from 3 species of tsetse fles inhabiting the forest
belt of Nigeria and the southern Cameroons. They
found that G. palpalis (R.-D.) fed largely on man
and reptiles but when they were not available it
fed on game animals. G. pallicera Bigot fed mainly
on Bovidae and birds. Of the G. longipalpis meals,
95% were on bovids, bushbuck being the most
important single host. G. tabaniformis Westwood
and G. fusca Walker from the rain forest at Ugbo-
bigha and G. tabaniformis and G. haningtoni New-
stead and Evans from the Cameroons forest, fed
largely on red river-hog, but in forest islands, riverine
forest and the drier rain-forest, G. fusca and G. medi-
corum Austen fed mainly on Bovidae, particularly
bushbuck. G. nigrofusca Newstead-occurring in
the same habitat as G. tabaniformis and G. fusca-
fed largely on Bovidae. Only a few of the blood
meals of the ffies mentioned above were from duiker,
waterbuck and elephant. In the Northern Region,
however, Jordan et al. (1962) did not find any flies
which had fedonkob, waterbuck, hartebeest or gazelle.

These results are interesting because they are
consistent with those in East Africa. They also
demonstrate that, although the different species of
tsetse flies feed on a large variety of hosts, the Suidae
are important sources of food to all of them, but
some flies, such as G. tachinoides and G. palpalis in
West Africa and G. fuscipes in East Africa, subsist
on man and his domestic animals alone.

Bursell (1961), in studying the fat content and
residual blood-meals of tsetse flies, sampled them
in four different ways: (1) by standard catching
parties; (2) from resting catches; (3) from bait
animals; and (4) from vehicles. His results indicated
that the fat content of male flies containing blood
in late stages of digestion was high for the standard
catches, low for resting and bait-animal catches and
intermediate for vehicle catches. The fat content in
females was low in the standard catches, high in the
resting and bait-animal catches and intermediate in
the vehicle catches.

Bursell interpreted this information in terms of
changes in the behaviour of flies in the course of the
hunger cycle and recognized four phases in the male
hunger cycle: (1) inactivity; (2) activity character-
ized by sexual behaviour; (3) activity character-
ized by behaviour relating to feeding reaction but
indifference to moving objects; (4) as for (3) except
that moving objects were an adequate stimulus for
the feeding reaction. He concluded that the bearing
of these results on the problem of " host prefer-
ences " and the possibility that quiescence and shade
are important components of the " stimulus condi-
tions" which control the feeding reaction of tsetse
flies might go some way towards explaining the strik-
ing discrepancy between apparent availability of the
different species of potential host animals in a tsetse
habitat and the frequency with which they are fed
on by tsetse flies.
The present writer cannot quite understand the

logic of this argument, as some animals do not
appear to be fed on at all, even though they may
be the most numerous and available at all times.

TRYPANOSOME INFECTION IN HOST AND FLY

Morris (1959, 1960b, 1960c, 1960d) has dealt at but it was not until 1909 that Kleine discovered
some length with the epidemiology of sleeping- that tsetse flies which had fed on animals infected
sickness in East Africa. with Trypanosoma brucei Plimmer and Bradford

It is well known that wild animals act as the reser- failed to infect fresh animals for 14-20 days after
voirs of trypanosomes pathogenic to domestic stock taking an infected feed; thereafter the flies remained
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infective. It was in this way that the metacyclic
development of certain trypanosomes in the gut
of tsetse flies was discovered. This fact is important
not only in the treatment of animals and people
infected with trypanosomiasis but also for devising
trypanosomiasis control measures (Nash, 1944).

Fairbairn (1948) said that there were two schools
of thought as to how Trypanosoma rhodesiense
Stephens and Fantham causes epidemics of human
trypanosomiasis. The English school believed that
T. rhodesiense is the game trypanosome T. brucei
which has become acclimatized to man and that if
T. rhodesiense were transmitted back to game and
maintained solely in game it would lose its infectivity
to man and revert to T. brucei. The German school
maintained that T. brucei and T. rhodesiense are
distinct species and not convertible into each other.
But it has been proved conclusively that game ani-
mals can be infected with T. rhodesiense and that
this trypanosome can still be infective to man
after more than 12 years' residence in nothing
but game.

If the English school were correct, epidemics of
T. rhodesiense were likely to start at any time " from
West to East Africa and from the Sudan to Zululand
(where the disease has not appeared as yet), wher-
ever game carrying T. brucei is in close contact with
man in fly bush ".

Sir Guy Marshall (1948) challenged Fairbairn's
statement that it had been established that game is
a source of danger in starting or maintaining sleeping-
sickness in man, and said " I venture to state that
no such fact has been scientifically established and
there is no authentically recorded case of a man
having acquired sleeping-sickness from wild game
away from a laboratory ". Unfortunately, Sir Guy
was wrong, as will be seen below.

Ashcroft (1959c), in a critical review of the epide-
miology of human trypanosomiasis in Africa, de-
scribed briefly the discovery of the morphologically
identical polymorphic trypanosomes T. brucei,
T. gambiense Dutton and T. rhodesiense and dis-
cussed the controversy over the relationship between
T. brucei and T. rhodesiense. It appeared that these
two trypanosomes were distinct because of the
absence of T. rhodesiense sleeping-sickness from some
areas where T. brucei was present in animals and the
stability for the pathogenicity of T. rhodesiense infec-
tions to man when strains were transmitted experi-
mentally through animals. However, he thought it
was difficult to estimate the importance of wild
animals as reservoirs of T. rhodesiense. It is still

not clear whether T. rhodesiense and T. gambiense
are distinct species, as there is a strong possibility
that T. rhodesiense is merely the virulent form of one
trypanosome in a non-resistant human population
but that after it has been present for some time the
population develops a tolerance and the disease takes
the form of the T. gambiense type.

Fairbairn's (1948) prediction was confirmed by
Heisch et al. (1958), who isolated from a bushbuck
from the Utonga peninsula in Central Nyanza in
Kenya a strain of T. rhodesiense, which was strongly
pathogenic to man. They considered that the tech-
nique employed was very important and claimed
that it was "essential to inoculate enough blood
(30 ml at least) from the animal killed into enough
rats (six at least)", otherwise light infections would
easily be missed.

Jackson (1955b), working in the former Tanga-
nyika, observed that 27 Africans became infected
with T. rhodesiense in three different places closed
to settlements. Most of the cases of trypanosomiasis
to which he referred came from around Kakoma,
8 of them camps some miles away from any per-
manent route. Jackson thought, therefore, that wild
animals must be a reservoir of the disease as had
been shown experimentally in the laboratory.

Jackson's conviction was supported by MacKichan
(1944), who obtained a strain of T. rhodesiense from
a wild G. pallidipes at Lugala in Uganda. Since
then, other isolations of T. rhodesiense have been
obtained from G. pallidipes (Rennison, 1956; Willett,
1958) but the first record of T. rhodesiense from
G. fuscipes (G. palpalis fuscipes) was not made until
1961 (Southon & Robertson, 1961), and it was
also from the Lugala area. So far, G. brevipalpis,
the remaining species of tsetse fly in this area, has
not yet become implicated in the epidemiology of
T. rhodesiense.
Because G. fuscipes is now able to transmit the

Rhodesian as well as the Gambian type of sleeping-
sickness, a very dangerous situation has arisen in
Kenya and the contiguous parts of Uganda, for at
the present moment most sleeping-sickness cases in
Kenya are of the T. rhodesiense type. Further,
G. fuscipes, in parts of the Nyanza region, appears
to have adapted itself to living in bush away from
permanent water and even in the hedges around
homesteads, so that now that man-fly contact has
become much closer and widespread epidemic con-
ditions can be expected unless strenuous efforts are
made at once to exterminate this fly from the area
concerned.
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" During the study of an epidemic of T. rhodes-
iense in Alego Location in 1964, 43 isolates of
T. brucei subgroup organisms were obtained from
a sample of 203 cattle. Two of these isolates were
inoculated into human volunteers and one produced
an infection characteristic of T. rhodesiense, thus
revealing the fact that cattle were acting as reservoir
hosts for the trypanosomes. It is concluded that
in an outbreak of sleeping-sickness domestic cattle
can act as natural reservoir hosts and therefore their
mass treatment is strongly recommended during a
control programme" (Onyango et al., 1966).

Willett (1963), in his paper on some principles of
epidemiology of human trypanosomiasis in Africa,
said: " The maintenance of a disease complex such
as human trypanosomiasis in Africa depends on the
interrelation of three elements, the vertebrate host,
the parasite and the vector responsible for transmis-
sion... Between the three elements in the disease
complex there exist, necessarily, three sets of inter-
relations: (a) between the vertebrate host and the
parasite, (b) between the vertebrate host and the
vector, and (c) between the vector and the parasite."
Nash (1948), working with G. palpalis in Northern

Nigeria, described two types of man-fly contact.
Along the rivers of the Northern Region the time
of concentration of G. palpalis varied with different
streams, the dry reaches being vacated first in favour
of the vicinity of permanent pools. Should a village
be near these pools, the man-fly contact then
became very close, the same flies biting the same
people every time they came down to the pools-
this Nash called " close personal contact ". The
situation in a mild year, in which the members of
a fairly large fly population moving up and down a
stream bite the villagers in passing, he called
"impersonal contact ".
These are very important factors in the epidemio-

logy of sleeping-sickness in Northern Nigeria and
for devising control measures there.

In discussing man-fly contact, Willett said: " It
has long been recognized as one of the anomalies
of the epidemiology of Gambian sleeping-sickness
that its incidence bears little relation to the density
of fly infestation and that, in fact, the more severe
epidemics may occur in regions where fly popula-
tions are relatively low, and that this effect is not
merely due to differences in predominant species...
In large areas of West Africa, G. palpalis and
G. tachinoides are widespread and abundant but
sleeping-sickness is either rare or absent. On the
other hand, in areas where these species are far less

abundant, particularly towards the northern limits
of their distributions, sleeping-sickness is much com-
moner and has in some regions broken out in devas-
tating epidemics " because the fly is in closer contact
with man than it would be in large thriving tsetse
populations.

Fairbairn (1948) gave the following list of infec-
tion rates in game animals which he and his col-
leagues had examined: eland 25 %-60 %; water-
buck 52.7%-69.2%; kudu 57.1%-100%; bush-
buck 20 %6-70 %; hartebeest 16.6 %-17.1 %; reedbuck
63.1%; oribi 23%; duiker 11.1%-28.6%; buf-
falo 22.2%; hyena 66.6%; warthog 9.4%-21.1%;
situtunga 50%; roan 9 %-15.4 %; impala 5.2 %-20%;
puku 11.1%; giraffe 20%-47.6%; dikdik 9.1%-
14.3 %; steinbuck 16.7%. Some of the percentages,
however, were based on small numbers.

Ashcroft (1959a), in Tanganyika, considered recent
work on the identification of animals on which tse-
tse flies fed in relation to previous investigations on
the incidence of trypanosomiasis in these hosts and
their susceptibility to experimental infection with
trypanosomes. He reached the conclusion that
some animals, such as warthog, may be less
important as reservoirs of trypanosomiasis than
might be expected from their importance as
hosts of tsetse flies, whereas other animals such
as kudu, giraffe and reedbuck might be more
important. He suggested also that the number of
tsetse flies carrying trypanosomes and the relative
proportion of the different species of trypanosomes
occurring in an area might be closely related to the
host animals on which the tsetse fed.

Ashcroft et al. (1959) further attempted to infect
wild pigs, porcupines, several species of antelope
and monkeys with T. rhodesiense, T. brucei and
T. congolense Broden. They also received the results
of attempts of other workers to infect the same and
other species of animals with these trypanosomes
and recorded new evidence on the close similarity
between the course of infections with T. rhodesiense
and T. brucei in wild animals.
A T. rhodesiense infection, which was apparently

latent for more than 3 months and subsequently
always cryptic, persisted for nearly a year in one
of their bushpigs. Only a few of the flies which fed
on this animal during its prolonged period of infec-
tion with T. rhodesiense became themselves infected.

Infections of wild animals with T. rhodesiense and
T. brucei in the laboratory fell into groups according
to the degree of susceptibility of the animal. These
groups were compared with recorded data on the
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extent to which the animals concerned were fed
upon by tsetse flies under natural conditions. Cer-
tain factors responsible for the importance of a
species as a reservoir of trypanosomiasis were also
considered. The existing evidence showed that ani-
mals to which T. rhodesiense and T. brucei were fatal
were not fed upon very frequently in nature. Tolerant
hosts included those animals normally fed upon by
the tsetse but high resistance to trypanosme infection
did not correspond to the importance of the animal
as a source of food for the flies.
These authors suggested that the number of

infected flies occurring in nature might bear some
relation to the species or groups of species of
animals used as hosts by the flies. They also cited
evidence that wild pigs were probably more favour-
able as hosts for some other species of pathogenic
trypanosomes than they were for those of the
T. brucei subgroup.
Robertson & Baker (1958), in studying the epi-

demiology and virulence of human trypanosomiasis
in south-east Uganda, noted that during and imme-
diately after the rains in May and June 1957,
the incidence of sleeping-sickness increased in the
villages on the inland fringe of a 6. pallidipes belt
as a result of the seasonal extension of the range
of this fly but the local distribution of the disease
suggested that game was not a major reservoir in
this area and that man-fly-man passage was
continuous.

Langridge et al. (1963), quoting information sup-
plied in 1962 by Steele, stated that T. rhodesiense
was endemic in some areas of Zambia but seldom
reached significant proportions.

T. gambiense was reported on both Lakes Tan-
ganyika and Lake Mweru as early as 1907 but there
were no reports of cases of this form of sleeping-
sickness after 1944. On Lake Mweru, Gambian
sleeping-sickness seemed to disappear spontane-
ously and in Tanganyika it was controlled first by
the evacuation of the population from scattered
infected villages and later by the elimination of the
vector by direct control measures.
Ford & Leggate (1961) showed that in Southern

Rhodesia trypanosome infection rates in Glossina
varied in relation to geography and climate and
demonstrated a positive correlation between in-
fection rates and the distance from the middle of the
Glossina belt at a latitude of 7°S. They thought it
probable that this was the effect of the decrease in
mean annual temperature corresponding to the
increase in distance from the equator.

Ashcroft (1959b), in Tanganyika, investigated the
sex ratio of infected flies in trypanosome experi-
ments with G. morsitans transmitting T. rhodesiense
and T. brucei. One strain of T. rhodesiense was used
and two of T. brucei; the proportion of male flies
which became infected was found to be greater
than that of females. In all the experiments the
females died sooner than the males.
Lawrence & Bryson (1958), in Southern Rhodesia,

demonstrated that the pathogenic trypanosomes
infecting cattle were T. congolense (65 %), T. vivax
Ziemann (20o%) and T. brucei (20%); 13% of the
infections were mixed but these were only approxi-
mate percentages as there appeared to be wide
variation in infection rates from year to year.
Since the widespead use of Antrycide, T. vivax has
formed a much higher percentage of infections,
because Antrycide is more effective against T. congo-
lense than against T. vivax.

Further, Lawrence & Bryson said that in Southern
Rhodesia T. theileri Laveran occurs from time to
time but no significance is attached to it. Sheep
and goats were susceptible to T. congolense and
T. brucei; horses, donkeys and dogs to T. congo-
lense and T. brucei, and pigs to T. suis and T. simiae.
Trypanosomiasis is most severe in cattle but

heavy mortality is often encountered in donkeys in
areas in or near fly country. Sheep, goats and dogs
are usually only infected in areas with a high fly
density.
Ford & Leggate (1961) also indicated that high

temperature and possibly a wide temperature range
might affect Glossina in its role as a vector of
trypanosomiasis.
Shaw (1960) estimated that in Northern Rhodesia

(now Zambia) 60% of the animal trypanosomiasis
was transmitted mechanically. The prevalence of
trypanosomiasis revealed by surveys gave the follow-
ing information:

T. congolense
T. vivax
T. simiae
T. brucei
T. theileri

1946-56 1956-57
(%) (%)
90.0 79.0
7.0 16.0
1.2 2.8

' 1.3 1.5
0.5 0.7

In 1956 and 1957, the figures showed an increase
in prevalence of T. vivax and T. simiae but the
cause of this was not quite clear.

In Northern Nigeria at Sherifuri in 1924, Lloyd &
Johnson dissected 534 G. palpalis and found that
3.2% of them were infected with trypanosomes;
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of these, 2.6% were of the T. vivax group and 0.6%
of the T. congolense group.

In the same year at Sherifuri Lloyd et al. (1927)
dissected 26 625 G. morsitans and found that 27.4%
were infected with pathogenic trypanosomes. Of
these, 18.80% were T. vivax group, 8.2% T. congo-
lense group and 0.4% T. brucei-gambiense group.
These figures showed the importance of G. morsitans
as a vector of animal trypanosomiasis.
At Katabu near Kaduna in Northern Nigeria,

Nash & Page (1953) examined 3382 G. palpalis;
3.30% of these flies were infected with trypano-
somes-3.03% with T. vivax in the hypopharynx,
0.3% with T. congolense in the hypopharynx and
gut, and 1 fly with a mature T. brucei-gambiense
infection in the salivary glands.

In the forest belt of Sierra Leone, Squire (1951)
dissected 3226 G. palpalis and found a proboscis
infection rate of 4.3 %; 2313 of the flies were males,
of which 3.170% were infected with trypanosomes;
913 were females and 5.8% of them were infected.
The infection rate in these flies varied from 0.5%
in the dry season to 9.1 % in the rains.
At Ugbobigha in Southern Nigeria, Page (1959)

dissected 4360 G. longipalpis; 17.6% of these flies
had T. vivax group infections, 3.9% T. congolense
group and 0.0 % T. brucei group. Monthly mature
infection rates varied from 10.6% to 36% but the
variation was not seasonal.

In Northern Nigeria in 1954-55, a total of 1013
positive blood slides were taken, almost entirely
from Fulani breeding stock in the field by the
Veterinary, Tsetse and Trypanosomiasis Unit. They
are compared in Table 2 with records kept at Vom
by the West African Institute for Trypanosomiasis
Research. These results differ to some extent but
this may have been because different methods of
sampling were used and because of the differences
in the types of animals from which the samples
were taken, but they do indicate that T. vivax and
T. congolense are by far the most important cattle
trypanosomes in Northern Nigeria. Further in-
fection rates in Fulani breeding stock taken from
various parts of the country showed that the pre-
valence of these two trypanosomes can vary very
greatly from place to place.

In Kenya, continuous records of trypanosome
infection rates were kept in different parts of the
country for several years. Monthly fluctuations
were studied but bore little relation to season.
The infection rates in the more humid regions, such

TABLE 2
TRYPANOSOME INFECTION OF CATTLE

IN NORTHERN NIGERIA

Records Records of West
of Veterinary, African Institute

Type Tsetse and for Trypanosomiasis
of trypanosome Trypanoso- Research

in cattle miasis Unit,
1954-55 Before 19531 1953
_(%) (%) (%)

T. vivax 33 63 82

T. congolense 59 26 4

Mixed T. vivax-
T. congolense 7 46 14

T. theileri 0.2 -

T. brucei 0.1 0.4 Nil

Total number of
slides examined 1 013 965 L 123

as the coast, appeared to be higher than those in
the drier areas up country.
The figures in Table 3 were derived from proboscis

and gut dissections. They represent both T. congo-
lense and T. vivax infections (Whiteside & Lang-
ridge, 1960).

Langridge (1960-62), in studying the attack of
G. pallidipes on bait cattle, found that the proboscis
infection rate of these flies was 5.6%, of which
34% were T. vivax infections and 16% T. congolense.
Baker & Sachs 1 investigated the incidence of

trypanosome infection in 61 wild animals in an
area just north of the Serengeti National Park in
Tanzania, using blood slides and rat inoculations.
The total number of animals infected was 17 (some
with double infections), as follows:

Subgenus Trypanozoon: 4/20 wildebeest, 1/10 warthog,
1/10 hartebeest (Buselaphus alcelaphus), 1/5 topi (Dama-
liscus korrigum) and 1/5 impala. All these strains were
pleomorphic and their infectivity to man is being
investigated.

Trypanosoma congolense: 3/20 wildebeest, 1/10 wart-
hog, 1/10 topi, 1/5 impala, 1/5 Thomson's gazelle and
2/4 eland.

T. vivax: 1/20 wildebeest, 1/10 hartebeest, 1/5 topi and
2/4 eland.
No infection was found in 2 buffalo.

These results are interesting when compared with
Weitz's serological findings which indicate that

1 Baker, J. R. & Sachs, R. (1966) The occurrence of
trypanosomes in wild mammals in an area north-west of the
Serengeti National Park, Tanzania: preliminary report
(unpublished WHO document Tryp/Inf/66.9).
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TRYPANOSOME
TABLE 3

INFECTION RATES OF GLOSSINA IN KENYA a

Climatic ~~~~~~~~~~~~~~InfectionRegion type Place e Species rate

3403 G. pallidipes 11.6
Ngomeni

201 G. austeni 9.0
Coast Wet

265 G. pallidipes 6.8
Mtwapa

46 G. austeni 13.0

Lake Victoria Wet Lambwe 1 311 G. pailidipes 12.0

526 G. Iongipennis 7.2
Kiboko

128 G. pallidipes 9.4
Central Dry

13 G. brevipalpis -

841 G. pallidipes 6.5
Athi-Tiva

441 G. longipennis 7.3

2 901 G. swynnertoni 4.3
Southern Dry Talek

31 G. pallidipes 3.2

a Data from Whiteside & Langridge (1960).

wildebeest, hartebeest, topi and Thomson's gazelle
are seldom fed on by tsetse flies, yet warthog and
buffalo are " favoured hosts " in the Mara area of
Kenya not far to the north. In addition, a young,
18-months-old, buffalo reared from a day-old calf
at Kipleleo in a virtually fly-free environment in the
Mara area at an altitude of about 6000 feet (ca
1800 m) was found to be infected with trypano-
somes when it was transferred to the East African
Veterinary Research Organization laboratories at
Muguga. The possibilities of its being infected
en route were negligible as most of the country
through which it had to pass is fly-free. This infor-
mation emphasizes the importance of mechanical
transmission of trypanosomiasis by other biting flies.

In Northern Nigeria in the days before the intro-
duction of Antrycide and the phenanthridine
compounds, T. vivax Ziemann was the common and
most virulent organism responsible for trypano-
somiasis in cattle in the northern region, but T. con-
golense Broden was also widely prevalent and
T. brucei Plimmer & Bradford to a much less extent.
However, T. vivax appeared to be more susceptible
to treatment with tartar emetic than T. congolense.
During 1955-56, trypanosomiasis surveys con-

ducted throughout the country revealed that of

2704 blood slides examined, 34% were infected
and of these, 49% were T. vivax, 47% T. congolense
and 0.3% T. brucei. The remainder were mixed
infections.
The most valuable result of this survey was that

it was now possible to assess the relative importance
of T. vivax and T. congolense in different parts of
the country. T. vivax seemed to be much more
common in the northern provinces such as Kano
and Bauchi and T. congolense in the more southerly
ones, but this did not apply to Bornu, where the inci-
dence of T. congolense was 79% (MacLennan, 1957).
Between March 1964 and March 1965 a similar

large-scale survey was conducted in Northern Nige-
ria and a total of 7051 blood smears examined.
Of these 1437, or 20.4%, showed trypanosomes.
Some 3008 of the slides were from the northern-
most provinces and 621, or 20.6%, of these were
positive for trrypanosomiasis. The average fre-
quency of T. vivax in the northernmost provinces
was 38.2% and of T. congolense 61.8 %. In the
southernmost provinces, 4043 blood smears were
examined and 20.2% were positive for trypano-
somiasis. The proportions were T. vivax 38.4% and
T. congolense 61.6% (Folkers & Jones-Davies,
-unpublished data, 1966).

601



P. E. GLOVER

Information gained from these recent surveys has
indicated that the percentage prevalence of T. vivax
and T. congolense changes from year to year and
that it also varies between different herds in the
same province, depending on their history and
environment. For instance, there was a marked
difference between slides taken from slaughter cattle
at the abattoir at Maiduguri in 1965 and slides
from cattle in the field in Bornu Province. In the
abattoir, the proportions of T. vivax and T. congo-
lense were equal, but in the field the ratio of T. vivax
to T. congolense was 3 I.

Because of their seasonal southerly and northerly
migrations, the nomadic Fulani cattle must frequently
come into contact with the woodland fly G. morsitans
and the riverine flies G. tachinoides and G. palpalis.
Therefore, the influence of the three different species
of fly can only be studied in local herds.

In Kano Province, where the local cattle are
bitten by both G. morsitans and G. tachinoides,
out of 234 positive blood smears 27% were T. vivax.
In Bornu Province, where the local cattle come
into contact with all three species of fly, 14% of
108 positive blood slides showed T. vivax, but
of 129 positive smears taken from nomadic Fulani

cattle, 46 % were T. vivax. In Bauchi Province,
where similar conditions exist, 34% of the 32 posi-
tive slides taken from local cattle showed T. vivax.
In Sardauna Province, where G. tachinoides is the
commonest fly, 61 % of 36 positive slides taken
from local cattle showed T. congolense. In addition,
no correlation between infection rate and the breed
of cattle was obtained.

In comparing the 1955-56 and 1964-65 surveys,
there is a drop in the infection rate from 33.6%
to 20.4%. This difference is thought to be the
result of the fact that in the 1955-56 survey many
animals were selected on the basis of the clinical
diagnosis before blood smears were taken, which
would increase the over-all percentage of infected
cases, but it might also have been caused by more
efficient methods of drug treatment.
The increase in the prevalence of T. congolense

is thought to be the result of this organism being
less susceptible to drug treatment than T. vivax.
There was a marked decrease in the prevalence
of T. congolense in Bauchi and Adamawa Provinces
but Bornu continued to have a preponderance of
T. congolense infections (Folkers & Jones-Davies,
op. cit.).

METHODS OF TSETSE FLY CONTROL BASED ON ECOLOGICAL KNOWLEDGE

Advanced ecological studies of tsetse flies in the
past 50 years have evolved many ways of controlling
them and the disease they carry, but the most
modern practical methods fall into three groups:

1. Indirect attack on the fly by:
(a) removing its habitat-bush clearing; and
(b) removing its food supply-game destruction.
2. Direct attack on the fly-i.e. trapping, hand-

catching and applying insecticides to its habitat.
3. Attack upon the pathological trypanosomes

transmitted by the fly-but this third method of
attack upon the pathological trypanosomes, by treat-
ing infected animals with trypanocidal drugs, does
not come within the scope of this paper and for
information on this subject readers are referred to
Marshall (1958), Whiteside (1962), Finelle (1962),
Duggan (1962), Robertson (1963). Unassisted by
other methods of control, this method is still only
a palliative.

INDIRECT AITACK UPON THE FLY

Removal of vegetation
This is a very effective method of exterminating

tsetse flies but it has the serious disadvantage of
heavy initial costs and recurrent annual expenditure
in suppressing regrowth.

Nevertheless, bush clearing as a means of tsetse
control has been and still is widely used in many
parts of Africa. Various methods of bush clearing
have been tried and are discussed below.

Ruthless (or " sheer ") clearing in Nigeria consists
in removing all riverine vegetation and leaving the
river banks completely denuded of trees and bush.
This method is employed against G. palpalis and
G. tachinoides but in East Africa it is used to make
" barriers "-usually 1 or 2 miles (up to 3 km)
wide-to prevent tsetse flies from moving from
infested to uninfested country.

Partial clearing consists in removing only the
undergrowth in the form of thicket, shrubs, creepers
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and small trees but sparing the large, high-branching
trees (Steiner, 1964). Again, this method is used
against G. palpalis and G. tachinoides in Nigeria.
In East Africa, Zambia and Southern Rhodesia it
is called discriminative clearing and has been used
to eradicate a number of species of tsetse flies
(Glover et al., 1955; Glover & Langridge, 1962).

Protective clearing is ruthless clearing intended
to safeguard people and their livestock from attack
by tsetse flies at river crossings and watering places
where there is close man-fly and animal-fly contact.
The river is cleared for some distance up and down
stream from the contact point.

In Northern Nigeria, Nash & Steiner (1957)
found that obstructive clearing was effective against
G. palpalis on small rivers when the stream bed
was blocked by felling the large trees forming the
overhead canopy, thus obstructing the line of flight
of the tsetse fly, but Kernaghan & Davies (1959)
were less successful with this method.

In Tanganyika, Swynnerton (1936) used a spe-
cialized form of densification of woodland to control
G. morsitans and G. swvynnertoni by protecting blocks
of country from fire for a number of years, thus
rendering the vegetation dense and making the
habitat unsuitable for these flies, but G. pallidipes,
which was also present, was unaffected and condi-
tions for its survival may even have been improved.

Eradicative (" aggressive " or " blanket ") clear-
ing is designed to exterminate fly from large areas
of country. All rivers and streams are partially
cleared but all the vegetation on the last 2 miles
(3 km) of every river system is ruthlessly felled to
form a barrier which the fly cannot cross to prevent
reinvasion from uncleared country beyond.
These clearings have to be re-slashed annually

until eventually the trees die or their stumps are dug
out of the ground. This process is very expensive.

Barriers have sometimes failed to prevent reinva-
sion by fly and in Nigeria it has often been observed
that tsetse flies can be transported over long dis-
tances by cattle, bicycles, motor vehicles and even
pedestrians (Steiner, 1964).
Many experiments on the destruction of vegeta-

tion by ring-barking trees and applying arboricides
have been carried out from time to time in Northern
Nigeria and in East Africa but without spectacular
results so that, in view of the success achieved by
other methods, we shall not pursue the subject here.
A fair amount of information, however, can be
found in Glover (1961) and references to work

carried out in various parts of Africa are given by
Glover & Langridge (1962).

Fire. The subject of bush fires and the use of
fire in tsetse control measures in Northern Nigeria
are discussed at some length by Glover (1961) and
by Rains (1963).

Fire has been with us for so long that it has
become a permanent ecological factor, particularly
in the grasslands and woodlands of Africa, and
with it have evolved the savanna species of tsetse
flies, e.g., G. morsitans.

Burning the grass early as soon after the end of the
rains as possible has a bad effect on perennial grasses
and at the same time it encourages regrowth of wood-
land. This is because early burning is not so fierce
and hot as burning in the late dry season but it
stimulates the grass to produce fresh growth at
the expense of its reserves at a time when it can
least afford to do so. Therefore it depletes grazing
but encourages the growth of bush capable of
harbouring fly.

Late burning or setting fire to the grass just before
or just after the beginning of the rains has the
opposite effect to early burning in controlling
regrowth, as many of the trees produce new leaves
before the beginning of the rains and are most
sensitive to fire at this stage. The grass is not
damaged by late burning provided it is not over-
grazed as soon as it produces fresh shoots.

Because it is possible to control the regrowth of
woody vegetation with late burning, this method is
favoured by those concerned with tsetse control
but it conflicts with the policy of Forest Depart-
ments, which prefer early burning.

According to Rains (1963), the amount of mate-
rial required for an effective burn depends on the
scrub which it is necessary to control. Low scrub
2-3 feet (up to 1 m) high can be checked with
700 lb-1000 lb (ca 30 kg-450 kg) of dry matter to
the acre (0.4 ha) if it is evenly distributed but
1500 lb-2500 lb (ca 680 kg-I 130 kg) dry matter per
acre may be required to affect taller scrub and
small trees. Naturally, in order to obtain sufficient
combustible material, it is necessary to restrict
grazing during the growing season. Therefore, only
in areas of adequate administrative control can this
method be used as a fly control measure.
When it is intended to open up an area without

previously clearing it, annual burning with no graz-
ing will reduce scrub growth in 4 or 5 years. Moderate
grazing with a burn every 2 years will produce the
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same effect but take much longer. Again, the same
proviso on control applies.
Rains (1963) emphasizes that the two essential

aspects in the use of fire in rangeland management
are that burning must be done at the end of the
dry season and that it must be foUowed by a suf-
ficiently long period afterwards to allow the grass
to recover.
Burning in the Sudan zone is not recommended

except in special circumstances because the grass in
this drier region is very sensitive to fire and in many
areas useful browsing-plants constitute a high
proportion of the pasturage.

Unfortunately, it is the custom to burn the grass
in most parts of Africa as soon as possible after
the rains, for two practical reasons: (a) to open up
the country so that it is easier to get about; and
(b) to produce fresh green growth for grazing not
only for cattle but also for game so that they are
easier to hunt.
The smoking-out of beehives is a common cause

of grass fires and an explanation of many of the
grass fires that occur over vast areas of Africa in
the dry season every year.
The judicious use of fire is a very valuable tool

in proper bush control and pasture management
but the emphasis lies on management, and careless
use of fire can have very damaging results.

Game destruction

Reference to early literature indicates that game
destruction as a means of tsetse control followed
from the observations of explorers and early scien-
tific workers on the effects of the disease rinderpest
upon tsetse, mainly G. morsitans, as a result of the
elimination cf its important host animals.

In the 1890s, a vast rinderpest epizootic swept
across Africa from the Ethiopian region to the
Cape, killing untold numbers of wild ungulates.
At the same time, G. morsitans disappeared from
big expanses of Southern Rhodesia and the Trans-
vaal. At about the same time, a great rinderpest
epizootic that swept across the western Sudan may
well have had the same effect on the destruction of
G. morsitans in Northern Nigeria, but unfortunately
little was known about its distribution at the time.
From records available in East and southern Africa,
there seems to be little doubt that the disappearance
of the game caused by rinderpest did have an effect
on the distributioti of G. morsitans there.
But it has been shown conclusively that it is

practically impossible to exterminate the small un-

gulates such as warthog and bushbuck by shooting
alone (Glover, 1966). Therefore, a rinderpest epi-
zootic is probably more effective in eliminating the
food surplies of G. morsitans than shooting as it
kills a greater number of animals.

Further, it has been demonstrated earlier that
G. palpalis and G. tachinoides are not entirely
dependent on game animals for their food; there-
fore mass game slaughter is unnecessary and wasteful.
Nash (1943) thought that in Northern Nigeria

the indirect evidence that G. morsitans occurred only
where game survived and the human population
was scanty suggested that game destruction in small
G. morsitans belts might be a cheap and successful
method of exterminating this fly. But Lloyd et al.
(1927), in a game exclusion experiment at Sherifuri,
gained some indication that G. morsitans might
change its feeding habits if forced to do so, and
the experiment was not completely successful in
eradicating the fly.

Recent information concerning advances of G. inor-
sitans in Northern Nigeria indicates that this fly may
be changing its habits there and although Nash
(1948) was right when he said that human popula-
tion density is the controlling factor in determining
the presence or absence of G. morsitans in the Guinea
zone of Nigeria, there are now indications that this
fly is adapting itself to living in closer contact with
human settlement (Steiner, 1964).
Jordan et al. (1962) showed that G. morsitans will

feed on man when he is available and it is well
known that it will feed on cattle and even reinfest
an area by following them into, it.

Fortunately, Northern Nigeria has never resorted
to game destruction as a means of tsetse control
although it has been in use in Zambia, Southern
Rhodesia and Uganda for a long time, and now,
with such successful modern methods of insecticidal
spraying at our disposal, the thought of killing
game is no longer necessary.

DIRECT ATTACK UPON THE FLY

Hand catching and trapping

These have been mentioned elsewhere and there
is the possibility that effective and practical ways of
trapping tsetse flies may be evolved in the future
coupled with efficient attractive substances but so
far nothing of more than academic interest has
emerged.
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Insecticides
Insecticides constitute the most effective means so

far evolved and have the great advantage of leaving
the natural vegetation untouched but the disadvan-
tage of being practical only in isolated areas where
there is no danger of reinfestation. The ultimate
ecological implications are unknown except that the
effect of insecticides upon the habitat seems to be
much less drastic than that of bush clearing. Although
instances have been reported where bushbuck, rep-
tiles, fish and sometimes domestic stock have been
poisoned by insecticides through carelessness, no
evidence has been produced so far to prove that
intensive or lasting damage to the ecological complex
has been brought about by their use to exterminate
tsetse flies. There has been some cause for anxiety
in Europe and America, however, concerning the
long-term effects of agricultural pesticides on man
and non-harmful birds, small mammals, insects and
other living organisms in those countries (Carson,
1963).
Nevertheless, with the appearance of residual con-

tact insecticides such as DDT and dieldrin towards
the end of the 1940s, a very powerful and effective
antitsetse weapon came into being (Glover &
Langridge, 1962).
The first really large-scale and successful use of

insecticides for tsetse control was made in Zululand
in South Africa (du Toit, 1954; du Toit & Kluge,
1949; du Toit et al., 1950) after it was found that
the fly could not be exterminated by destroying
the game alone (Glover, 1950).

Similar work on the application of insecticides
from the air and on the ground was carried out in
East Africa by the Tropical Pesticides Research
Institute and recent trends have been described by
Hocking & Yeo (1956), Hocking et al. (1954, 1963),
Yeo & Simpson (1960) and Burnett et al. (1961).
Wilson (1953), assisted by the Tropical Pesticides

Research Institute, demonstrated that insecticides
could be successfully used on a large scale against
G. fuscipes in Kenya when applied with portable
sprayers from the ground. Subsequent improve-
ments in the methods of application (Burnett et al.,
1957) led to the adoption of highly efficient insecti-
cidal operations on the rivers and shores of Lake
Victoria (Glover et al., 1958; Glover & Lang-
ridge, 1962).
From 1945 onwards, various insecticide spraying

schemes were undertaken in Northern Nigeria (Ker-
naghan, 1950-60,1961; MacLennan & Kirkby, 1958;
Davies, 1960). Today insecticides are the principal

means of controlling tsetse flies in most parts of
Africa.

Methods of using insecticides in Northern Nigeria

It has been shown that there are a number of
ways of using insecticides and different methods
have to be adopted depending on the species of fly
present; but different methods may have to be used
for the same species when it is found in different
vegetation zones.

This must be taken into account when working
in any area, but here we shall deal with only three
species of tsetse fly, G. morsitans, G. tachinoides
and G. palpalis. In addition, we have to consider
two major vegetation zones, the Northern Guinea
and the Sudan, which are distinct in some parts and
overlap in the sub-Sudan zone in the north-eastern
region.
A brief account of the Northern Nigerian Veteri-

nary, Tsetse and Trypanosomiasis Unit's methods
of eradicating all three species of flies in the vegeta-
tion zones mentioned is given below.

Against G. morsitans in the Sudan zone. In the
Sudan zone, during the dry season, a spraying liquid
of 2.5 % DDT wettable powder is applied discrimi-
natively, once only, to vegetation confined to forest
islands, clump thickets and riverine vegetation, which
are all on watercourses, especially inside the flood
plains where this fly is usually found. It is also
applied selectively by confining the spraying to tree
trunks over about 9 inches (23 cm) in diameter,
in shade, and up to a height of about 5 feet (1.5 m)
from the ground.

Against G. morsitans in the Northern Guinea zone.
In the Northern Guinea zone, during the dry season,
a spraying liquid of 3.75% DDT wettable powder
is applied once only by blanket spraying of Isober-
linia doka woodland and riverine vegetation but
limited to a strip about 80 yards (ca 75 m) wide
around the edge of doka woodland if these trees
are big; it is also applied to strips about 80 yards
wide along the transition vegetation or ecotone
between the thick riverine vegetation and the upland
woodland, as well as to the vegetation up to about
80 yards distance on either side of all roads, tracks
and paths. This woody vegetation is sprayed selec-
tively by confining application to the undersides of
all tree branches which are: (1) thicker than a
man's arm; (2) horizontal or up to 450 from the
horizontal; (3) between 5 feet and 12 feet (1.5 m
and 3.6 m) from the ground.
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Against G. tachinoides in the Sudan zone. In the
Sudan zone, during the dry season, a spraying liquid
of 2.5% DDT wettable powder is applied once
only to riverine vegetation, which is sprayed selec-
tively by confining application to the lower 2 feet
(60 cm) of tree trunks, stems, thick shrubs and
creepers.

Against G. palpalis in both the sub-Sudan and
Guinea zones. In the sub-Sudan and Guinea zones,
a spraying liquid of 2% dieldrin emulsion concen-
trate is applied in the dry season and 4% dieldrin
emulsion concentrate in the wet season, once only.
Alternatively, DDT wettable powder can be used
in the sub-Sudan zone. Spraying is confined to
vegetation along the banks of rivers to a height of
about 5 feet (1.5 m) above the ground.

Insecticidal barriers
It is the practice of the Veterinary, Tsetse and

Trypanosomiasis Unit to spray during the dry season
only, because the difficulties in the wet season are
too great. Unless the areas sprayed in the dry
season are naturally isolated from adjacent infesta-
tions, insecticidal or cleared barriers have to be
made to protect the season's work from reinvasion
by tsetse during the following wet season.
The Unit has had much experience of this work.

For example, in the Komadugu-Katagum scheme
insecticidal barriers were extensively used for seasonal
protection and cleared barriers were made when
more permanency was required. In fact, almost all
the areas treated in the past have not been isolated
and chemical barriers have been used to protect them.

MODERN TRENDS IN RESEARCH

In order to gain an idea of what the future deve-
lopment in tsetse fly and trypanosomiasis control
may be, some of the modem trends in research are
considered below.
At the ISCTR/CCTA Meeting of Experts on

Trypanosomiasis held in Lagos, Nigeria, in Sep-
tember 1963 (report unpublished), a resolution was
passed emphasizing that the magnitude and com-
plexity of the problem of human and animal trypano-
somiasis was such that, although very substantial
progress had been made, there remained a vast
field in which research was still needed to improve
understanding and control of the diseases involved.
It was pointed that notable successes had been
achieved in the treatment of the diseases of both
man and animals and also in control of the tsetse
fly vector, but the presence of tsetse-borne trypano-
somiasis in some 4 million square miles (10 million
square kilometres) of Africa constituted a most
formidable obstacle to the development of the con-
tinent. Success in surmounting this obstacle depends
upon knowledge of many complex factors.
As we have seen, a great deal has been done on

the study of tsetse fly populations and their assess-
ment to discover:

(1) what species of fly occur in any particular
area;

(2) in what numbers;
(3) in what proportions of males, females, young

flies, engorged and hungry flies;

(4) what their haunts are and what their habits,
etc.

Carpenter (1913, 1919) and Fiske (1920), in
Uganda, devised a method of calculating the density
of G. palpalis (G. fuscipes) by the number of flies
taken per catcher per hour from a standing position.
This was known as " flies per boy-hour ".

Potts (1930) evolved the " fly-round " method of
measuring populations of G. morsitans -in former
Tanganyika. Nash (1933b), in the same country,
produced an improved method of estimating tsetse
fly density expressed as " flies per boy per 100 yards ".
At Katabu in Nigeria in 1944, Nash, in studying
G. palpalis (R.-D.), subdivided the section for each
vegetation type into 100-yard long subsections and
used " F.B.l00y" for his unit (Nash & Page, 1953).
Swynnerton (1936) and his colleagues in East Africa
found it more convenient to make the distance unit
10 000 yards.
Nash (1933b) distinguished "apparent density

from " true density " of the total population and
eventually Nash's work, that of others, and that
of Jackson himself led Jackson (1933b) to the con-
cept of " standard availability ", which was extremely
valuable because it made possible the correlation of
fly-round data with population studies (Buxton,
1955). This method has been in general use in
East Africa ever since then for studying populations
of G. morsitans and G. swynnertoni but it does not
apply well to G. pallidipes which does not come
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readily to man, nor to the crepuscular flies such as
G. longipennis (Power, 1964). Nor does it always
apply to G. morsitans under different habitat condi-
tions from those in Tanzania where Jackson worked.

This point is demonstrated by Harley (1958), who
obtained estimates of the standard availability of
G. morsitans in two areas in Ankole in Uganda
which gave the maximum and minimum fiducial
limits of 2.0% and 0.19%. These were much lower
than the estimate of approximately 10% obtained
by Jackson in Tanzania. This difference is of
practical importance in that it indicates that a single
fly caught in Ankole represents a much larger
population than a single fly caught in Tanzania
and may be the explanation for the fact that routine
catches around the edges of the fly belt in Ankole
reveal very few flies (Langridge et al., 1963).
So far, no reliable method of accurately assessing

the numbers in tsetse fly populations has been
devised. Therefore, the development of more effi-
cient ways of carrying out tsetse fly surveys is
essential because there is no accurate means of
discovering whether tsetse flies have disappeared
from any particular area after control measures
have been applied except over a long period of
time. Further, many so-called " fly advances " and
" recessions " may merely be the result of a build-up
or reduction in the numbers of flies, which cannot
be detected accurately in small numbers.

Arising from this information, the use of scent
attractants, radioactive substances and chemosteri-
lants may go some way towards solving the prob-
lems which are at present so difficult to overcome.

INSECTICIDE-TESTING UNITS

To keep pace with the rapid progress taking place
in the production of new insecticidal chemicals,
it would seem essential for large organizations in
the different major regions of Africa concerned
with trypanosomiasis to have their own insecticide-
testing units, whose terms of reference might well
include:

(1) toxicity tests and screening of new insecticides
to determine their suitability for use in tsetse fly
control;

(2) tests of the persistence of insecticides in vari-
ous formulations and concentrations on different
plant surfaces;

(3) tests of the value of synergists and "stickers"
as aids to existing and new formulations of insecti-
cides;

(4) tests of the effectiveness of existing and new
methods of applying insecticides.

STUDIES ON RESISTANCE TO INSECTICIDES

So far, there is no evidence of the appearance of
resistance to insecticides in tsetse ffies but Burnett
(1961) demonstrated that old female G. morsitans
(and to a smaller extent, old female G. swynnertoni)
had a certain amount of tolerance to some chlo-
rinated hydrocarbon substances which are commonly
used. Therefore, further and more intensive studies
along these lines are necessary.

EXPERIMENTS WITH ATTRACTANT SUBSTANCES

Langridge (1960-62), in a number of field trials,
demonstrated that a crude extract of pig hair and
skin scrapings applied to traps, screens and even
paths could greatly increase the catches of G. pallidi-
pes, G. swynnertoni and G. fuscipes. But much
remains to be done, as it is not yet known what the
attractive components of this substance are or if
they really exist separately. When this is known,
it may be possible to produce better, more stable
attractants that would increase the efficiency of
field survey work.

STUDIES ON THE USE OF RADIOACTIVE SUBSTANCES
AND CHEMOSTERILANTS

These measures warrant consideration as a means
of exterminating residual low fly densities.
A successful operation was carried out against

screw worm (Callitroga hominivorax Coquerel) on
the island of Curacao by irradiating the pupae of
this fly (Baumhover et al., 1955). Radioactive steri-
lization as a means of controlling tsetse ffies presents
many problems. Potts (1958) found that doses of
3000 rep to 30 000 rep (rontgen equivalent physical)
of gamma-radiation had little effect on pupal mor-
tality but the longevity of male flies was roughly
halved, the mating ability was not affected and
both sexes retained some fertility.
The use of chemicals in sterilizing insects without

adversely affecting their sexual vigour and behaviour
is receiving much attention in the United States of
America (Lindquist, 1961). A project for the explo-
ratory study of the practicability of using chemo-
sterilization as a weapon against the tsetse fly is
being undertaken in Southern Rhodesia under the
supervision of the US Department of Agriculture
with funds supplied by US Agency for International

8
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Development. In addition, a study has been started
of the sterilization of tsetse flies by radiation from
an activated cobalt source. Apart from their possible
effect on low density populations of fly, chemo-
sterilants may have interesting possibilities in com-
bination with insecticides, in that insecticides might
act more quickly on weaker or less resistant flies
and chemosterilants on those possessing some resist-
ance to insecticides (Glover & Langridge, 1962).
Chadwick 1 described some exploratory laboratory

work on the effects on G. morsitans of two chemo-
sterilants, apholate and metepa, tested by the Tropi-
cal Pesticides Research Institute in Tanzania. Wild
pupae were collected from the bush near Singida
and each treated with 0.1 {tg of chemosterilant on
arrival. Adult flies were dosed on the day of emer-
gence from the pupa with 0.5 p,g of chemosterilant
dissolved in 0.5 I-l of methyl-ethyl-ketone using an
Agla micrometer syringe fitted with a ratchet drive.
The results showed that the two compounds had
roughly similar effects on adult flies. Mating of
treated males with untreated females caused a 40%
reduction in the number ofpupae produced. Females
treated with apholate did not breed and metepa
reduced the number of pupae per female to 18%
of the control group. When both sexes were treated
with metepa, only a single female produced any
pupae. Females treated with apholate had a mean
life of 16.6 days compared with 34 days for the
control group. With metepa, the mean life of
females was 15.6 days. Treated females mated with
treated males had a mean life of 8.8 days with
apholate and of 5.3 days with metepa, but untreated
females mated with treated males had a mean life
of 52 days with apholate and of 46 days with metepa,
compared with 34 days in the control group. (These
results are curious and should be repeated.) Males
treated with apholate had a mean life of 12.5 days
and with metepa of 13.1 days; those in the control
group, 17.2 days.
Pupae resulting from matings of treated flies

were few but no great reliability can be attached to
the figures. However, the emergence was low when
only the male parent had been treated with metepa
and the effect was less marked with apholate. With
untreated parents, the emergence rate in the second
generation was 72% but the life of these flies was
very short.

1 Chadwick, P. R. (1964) Some exploratory work on the
effects of two chemosterilants on Glossina morsitans Westw.
Tropical Pesticides Research Institute, Arusha, Miscellaneous
Report No. 446 (unpublished).

Chadwick concluded that, although these experi-
ments were only exploratory, they strongly suggested
that the use of these two substances applied " topi-
cally " was " not likely to be a rewarding technique
in the control of tsetse ". He suggested, however,
three different possible lines of procedure for the
practical application of chemosterilants in the field:
(1) dosing wild pupae and placing them in suitable
breeding-sites, or keeping the treated pupae until
the adult flies had hatched and then releasing them;
(2) dosing male flies and releasing them; (3) apply-
ing a residual film of chemosterilant to the resting-
sites of tsetse flies.

EXPERIMENTS IN BREEDING TSETSE FLIES

ARTIFICIALLY

Before the two new methods mentioned above can
be put to practical use, intensified investigation will
have to be made into the artificial production of
large numbers of tsetse pupae. This is being done
in Southern Rhodesia, in Portugal and in England
(at Bristol University).

ECOLOGICAL STUDIES ON EFFECT OF BUSH CLEARING

AND APPLICATION OF INSECTICIDES ON SMALL

MAMMAL, REPTILE, BIRD AND INSECT LIFE

Such studies should be carried out in addition
to physiological studies on tsetse flies affected by
different methods of discriminative clearing to ascer-
tain why such control measures are not always
effective. These studies are urgently needed and it
is surprising that nothing has been done so far.

MORE INTENSIVE SCIENTIFIC STUDIES
OF THE ECOLOGY OF THE FLY

A great deal has been done on the ecology of
most tsetse flies of economic importance (Langridge
et al., 1963) but in Kenya, for instance, compara-
tively little is known about G. pallidipes and G. fusci-
pes, especially about their resting-sites and the
assessment of their density. More precise knowledge
of the ecology of tsetse flies may have practical
implications in future control measures. This was
pointed out by Hocking et al. (1963), who said
"... as knowledge of the habits and behaviour of
Glossina species grows, the discriminative applica-
tions of insecticides can be more precise, economic
and effective. This method of using residual insecti-
cides seems to be the most promising for the future ".
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CLOSER STUDIES OF GAME-FLY RELATIONSHIPS

Nothing is known about why flies are attracted to
some animals and not to others; how they attack
the animals; what diurnal and seasonal variations
take place in the interrelationships between different
animals and different species of tsetse flies; what is
the maximum amount of food required to support
a fly population of low density indefinitely; what
are the trypanosome infection rates in tsetse flies and
different game animals, etc. Investigations in Kenya
have shown that the movements of preferred hosts
caused by changes in the habitat brought about by
fire or climatic variations may influence the move-

ment of tsetse flies. This in turn may influence the
feeding habits of the fly and induce it to attack
domestic stock.

MORE INTENSIVE STUDIES OF THE EPIDEMIOLOGY

OF HUMAN TRYPANOSOMIASIS

At the 1963 ISCTR/CCTA Meeting of Experts on

Trypanosomiasis referred to above, it was revealed
that, in spite of the efforts made in the past 40 years

to control human trypanosomiasis, certain residual
foci appear to persist, so that the disease is liable
to break out from time to time (Duggan, 1962).
It would appear that man is not the only reservoir,
even to Trypanosoma gambiense (Willett, 1963).
Therefore the study of T. gambiense in animals as

a link in the epidemiology of the disease is very
important (Baldry, 1964). Integrated intensive stud-
ies of the epidemiology of both human and animal
trypanosomiasis are especially needed in selected
areas using simultaneously the approaches of all

pertinent disciplines. The meeting recommended
the development of such new techniques as:

(a) the use of tranquillizers and narcotics to immo-
bilize wild animals in order to make it possible to
collect samples for immunoserological and other
studies.

(b) methods for testing indirectly the immune
state of various species of animals in conjunction
with the determination of the hosts of origin of the
blood meals of tsetse flies. Game-cropping and
ranching of wild animals should facilitate epidemio-
logical and immunological studies of certain species.

EXPERIMENTATION IN BIOLOGICAL CONTROL
OF TSETSE FLIES

Buxton (1955) recommended that studies should
be made of the enemies of tsetse flies as a means of

control, but since the early work of Lamborn (1925)
in Nyasaland (now Malawi), Johnson & Lloyd (1923)
and Taylor (1932) in Northern Nigeria, Nash (1933b)
and Swynnerton (1936) in Tanganyika (Tanzania)
and Southon (1959), in Uganda, no further work
appears to have been done in this field. Vander-
plank (1944) carried out some trials on hybridization
by cross-mating closely related species of tsetse
flies and succeeded in producing a high degree of
sterility in the offspring but this failed to yield a
practical field measure of control.

Parsons (1954), in studying a breeding-place of
G. pallidipes in riverine evergreen thicket in the
Central Province of Kenya, found that the propor-
tion of puparia parasitized by Thyridanthrax at dif-
ferent times of the year varied between 5% and 77 %.
High pupal parasitization has also been reported

from other parts. This information lends weight
to Buxton's statement (1955) that it was clear that
nature was continually destroying some tsetse flies
and that power was running to waste because little
thought was being given to how it could be used.
Further studies along these lines are obviously very
desirable.

NEW RESEARCH IN CHEMOTHERAPY

Schneider (1963), in his review of the treatment of
human trypanosomiasis, points out that remarkable
results have been achieved by drug treatment in both
the cure and the prevention of the disease, but no
new or spectacular advances have recently been made.

Finelle (1962), in his report on recent work on
the chemotherapy of animal trypanosomiasis, said
that, although great progress had been made over
the previous ten years, chemotherapy is still only
a palliative. Several problems remain to be solved,
such as the development of drug resistance in
trypanosomes and the interrelationship between
chemotherapy and immunology. We must also
await the development of radical methods such as
breeding animals tolerant to trypanosomiasis; an effi-
cacious method of vaccination might even be found.
Hawking (1963), in conducting experiments on

the action of drugs upon T. congolense, T. vivax
and T. rhodesiense in tsetse flies and in culture,
discovered that " once the drugs, quinapyramine,
Prothidium, isometamidiumand Berenil, areabsorbed
from the gut of the tsetse fly, they diffuse into the
proboscis and hypopharynx and there destroy
T. vivax ". This seems to be a promising line for
further studies.
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It may not be too optimistic to hope that an
approach similar to that used in recent research
into genetics (van Schaik, 1964), which has made
it possible to understand the chemical nature of the
gene so that DNA prepared from normal bone
marrow can be used in the treatment of sickle-cell
anaemia, might pave the way to a new biochemical
approach to the treatment of trypanosomiasis and
other protozoal diseases.

NEW SOCLAL AND ECONOMIC APPROACHES

It has been shown that adequate techniques exist
for the eradication and control of the disease but
although many schemes have been planned in recent
years as part of rural development, often the bene-
fits of the reclaimed land have been ignored and
the land has remained unused or has been misused
so that overgrazing and soil erosion have followed.

RPiS

C'est a la lumiere de son exp6rience personnelle,
acquise en Afrique orientale et occidentale, que l'auteur
passe en revue un certain nombre de facteurs 6cologiques
dont l'importance pour la lutte contre les glossines et la
trypanosomiase ne doit pas etre sous-estim6e.
Le comportement de la mouche ts6-ts6 a fait l'objet

de nombreuses investigations et l'on a rassembl6 une
foule d'informations sur sa physiologie et sur le role
des sens dans la recherche d'un hote. II semble qu'a cet
egard la vue et l'odorat soient les principaux atouts de
l'insecte, les sons et les sensations tactiles n'intervenant
qu'accessoirement. La glossine est attiree par les objets
en mouvement, et ses d6placements, actifs ou passifs,
a distance de l'habitat d'origine posent le probleme de
la reinfestation des zones assainies.

Les lieux de repos des diverses especes de glossines
ont et bien etudies. Ces recherches presentent un grand
int6ret, car de la pr6cision des donn&es recueilles d6pend
le succes des applications s6lectives d'insecticides. Le
type de la v6getation a une grande importance. En dehors
de ses lieux de repos vrais, diurnes ou nocturnes, l'insecte
choisit des abris provisoires oiu il se refugie dans l'attente
du repas ou lorsqu'il suit un objet en mouvement.
Certains emplacements sont utilis6s pour le d6pot des
larves ou le repos d'insectes recemment gorges. La
plupart des glossines se tiennent en g6n6ral sur les
parties boisees de la v6g6tation pendant le jour, mais
preferent les abris feuillus pour le repos nocturne.
La pref6rence trophique des glossines est evidemment

influencee par les caracteristiques de l'habitat et varie

Planning in tsetse fly control projects has frequent1N
failed to take adequate account of administrativ
and other socio-economic aspects. New social an
economic approaches to the trypanosomiasis problei
are clearly required.
At the Meeting of Experts on Trypanosomiasi

held in Lagos in September 1963, the importanc
of this problem was fully appreciated and it wa
agreed that a mission should be formed consisting o
experts in trypanosomiasis, rural development an(
socio-economics to review with local experts the
areas of different economic potentials in Africa
within the limits of the Glossina zone in relation tc
known techniques of trypanosomiasis control.
The mission would also assess the possibilities of

success or failure in trypanosomiasis eradication or
control schemes considered as integral parts of
development plans, especially in the context of new
trends resulting from the emergence of independent
African nations.

{UM12

suivant les especes. Les ongules sont parmi les h6tes dc
choix. Depuis quelques d6cennies, on fait appel aux
m6thodes s6rologiques pour identifier les repas de sane
chez les insectes gorg6s. Grace entre autres a l'6preuve
des pr6cipitines, les preferences trophiques de plusieurs
especes de glossines ont pu etre pr6cis6es. Certaines
comme Glossina longipennis, peuvent subsister et
l'absence des h6tes de predilection et porter leur choi,N
sur d'autres animaux, tout en refusant cependant de sf
nourrir sur certains h6tes possibles. De multiples enquete:
montrent que les differentes especes de glossines pre
levent leurs repas de sang sur une grande vari6t6 d'h6tes
Cependant G. tachinoides et G. palpalis en Afriqui
occidentale et G. fuscipes en Afrique orientale ne st
nourrissent que sur l'homme et les animaux domes
tiques.

L'auteur fait ensuite l'historique des travaux qui on
conduit a la d6couverte du cycle 6volutif de Trypanosomr
chez la glossine, et des controverses relatives a l'indivi-
dualit6 de T. brucei et T. rhodesiense.

L'6tude approfondie de l'ecologie des glossines au
cours des 50 dernieres ann6es a contribue au progres
des m6thodes de lutte contre le vecteur. L'attaque
indirecte contre la mouche ts6-ts6 par la destruction de
la v6g6tation est un proced6 tres efficace, mais le cout
initial des operations est elev6 et des d6penses d'entretien
doivent etre consenties chaque ann6e. Cette methode
est encore utilis6e dans de nombreuses r6gions d'Afrique
avec des modalites variables suivant les conditions
locales. Un autre type de lutte indirecte consiste en la
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4estruction des animaux sauvages. Actuellement cepen-
4ant, depuis l'utilisation des insecticides, les hecatombes
6e gibier apparaissent comme injustifi6es et inutiles:
.1 est impossible d'eliminer tous les h6tes 6ventuels, les
getits ongul6s en particulier, et plusieurs especes de
glossines, comme G. palpalis et G. tachinoides ne d6pen-
Sent pas uniquement du gibier pour leur subsistance.
' Parmi les proced6s de destruction directe des glossines,
i traitement par les insecticides a fait la preuve de sa
brande efficacit6. It a l'avantage de ne pas nuire a la
y6g6tation et n'a apparemment aucun effet durable sur
la faune et les caract6ristiques 6cologiques des regions
rait6es. It doit etre utilise dans des secteurs isoles oui
le risque de reinfestation est r6duit. Les techniques
h'application, nombreuses; doivent etre choisies en tenant
compte de 1'espece vectrice et du type de la vegetation.
L'auteur donne en exemple les operations menees par le
Service de la ts6-ts6 et de la trypanosomiase du Nigeria
du Nord. Les pulverisations sont faites uniquement
pendant la saison seche et une # barriere insecticide)>
est 6tablie autour du secteur trait6 pour empecher la
reinvasion par les glossines au cours de la saison seche
suivante.
Le probleme de la trypanosomiase humaine et animale

est si complexe qu'en depit de la somme des connaissances
d6jA acquises de nombreux domaines de recherche
doivent encore etre explores. Parmi les principales
n6cessites du moment figure la creation en Afrique de
fentres charges d'evaluer les nouveaux insecticides:
*tude de leur toxicite, de leur remanence, des synergies,
des techniques d'application. On doit poursuivre les

recherches sur la resistance des glossines aux insecticides
ainsi que sur les produits attractifs. L'emploi des
substances radioactives et des chimiosterilisants - qui
peuvent se rev6ler interessants s'ils sont associes aux
insecticides - fait actuellement l'objet d'investigations
en Rhod6sie du Sud. Des travaux pr6liminaires sur
l'action de l'apholate et du metepa sont en cours en
Tanzanie. Avant que ces nouveaux proc6des de lutte
puissent recevoir une application pratique, il convient
cependant de mettre au point une technique d'6levage
massif de mouches ts6-ts6. L'etude de ce probleme a
e entamee en Rhodesie du Sud, au Portugal et en
Angleterre. Les recherches sur l'ecologie des glossines
doivent etre intensifiees, et de nombreux aspects des
relations vecteur-h6te restent 'a claircir.

Bien que la lutte contre la trypanosomiase humaine
soit activement menee depuis 40 ans, on d6plore la
persistance d'un certain nombre de foyers residuels qui
peuvent a tout moment etre 'a l'origine de poussees
epidemiques. L'etude de l'infection a G. gambiense chez
l'animal est une etape importante vers la comprehension
de l'epid6miologie des trypanosomiases.
La chimiotherapie et la chimioprophylaxie de la

trypanosomiase humaine ont a leur actif de remar-
quables succes. Chez l'animal le recours a ces m6thodes
n'est qu'un palliatif; le risque d'apparition de souches
r6sistantes de trypanosomes et l'aspect immunologique
du probleme doivent retenir davantage l'attention. Les
mesures de lutte contre la trypanosomiase seront int6gr6es
dans un plan d'ensemble et adaptees en fonction du
contexte economique et social.
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