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Control of the African Trypanosomiases with Special
Reference to Land Use*

JOHN FORD'

There is a need to reassess the role of the trypanosomiases, both human and animal, in
African ecology and economy. Withdrawal of control services from the Congo basin was
followed by a resurgence of infection from ancient foci, many of them thought to have been
extinguished. Successful elimination of Glossina in savanna habitats has sometimes been
followed by reinvasion causing massive epizootics. Elsewhere continued recession of the
tsetse fly has been followed by cattle population growth which is periodically interrupted by
catastrophic pasture famines.

Efficiency of control rather than large-scale eradication should be the immediate aim.
Efficient control keeps trypanosomiasis at a tolerable level in relation to the competence of
medical and veterinary services and ensures that the beneficial effects of disease in main-
taining a balance between natural resource potential of the continent and the energy output
ofits inhabitants, are retained until they can be replaced by new socialandeconomic controls
integrated in local cultures.

Many ideas about control planning formulated before 1960 are now irrelevant. To
provide foundations for a new policy 3 requirements must be fulfilled. The first is to under-
stand the nature of natural foci of infection of trypanosomiasis; the second is to collate
knowledge of land-use potentials of the fly-belts; the third is to find a means of integrating
information to achieve balanced control programmes. To do this a formal mathematical
study of the epidemiology and epizootiology of the trypanosomiases should be initiated.

In spite of very considerable recent advances in
knowledge of the biology of trypanosomes, of their
vertebrate hosts and of tsetse flies, there has been
virtually no parallel advance in understanding of the
problems of human ecology created by the presence
of these organisms in tropical Africa: in the last 10
years there has been no change in thought about how
to deal with the situations they create in human and
veterinary health or in the economies of African
countries. In 1949, both at the first meeting of the
International Scientific Committee on Trypanoso-
miasis Research, in London, and at the International
Conference on Land Utilization, at Jos in Nigeria,
delegates began to formulate new ideas to replace
those that had prevailed since before the 1939-45 war

* This paper is based on a study of the role of the try-
panosomiases in African ecology sponsored by the Wellcome
Trust.
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Research Organization, Tororo, Uganda. Present address:
Hope Department of Entomology, University Museum,
Oxford, England.

and which had become obsolete. By the end of the
colonial period, 10 years later, some advances had
been made, mostly in response to new research dis-
coveries-for instance, new drugs, new knowledge
about tsetse hosts, and new insecticides-but the
new ideas were being formulated and appropriate
administrative changes made within a colonial
context. These ideas had little relevance to the
situations created by independence.
Thought on other diseases has suffered similar

vicissitudes and it is now clear that vector-borne
zoonoses must be studied and attacked from many
angles on lines first clearly defined in epidemiological
work on the arboviruses (i.e., the biogeocoenosis,
natural foci of infection and nidality of disease). This
sort of approach must be matched by an equally
broadly based study of the role of the diseases in
maintaining an ecological balance between man and
his livestock on the one hand and the natural eco-
systems, which are the sources ofzoonotic infection,
on the other.
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Land-use planning is primarily the function of the
people who will occupy the land, assisted and
advised by agronomists, economists, engineers, and
other appropriate experts. Only after their plans are
ready should the expert on trypanosomiasis be called
in. Too often, in the past, has the sleeping-sickness
expert initiated plans that had results which were
sometimes disastrous, though more often merely
wasteful of money, manpower and natural resources.
This has not always been true but the first great
exercise in land-use planning to deal with trypano-
somiasis, the evacuation of the northern shores of
Lake Victoria in 1908, initiated a chain of epidemio-
logical and epizootiological events that may or may
not have been at last brought to an end by the pres-
ent WHO scheme in the Nyanza Province of Kenya.

Obviously the acceptance of such opinions would
influence the organization and administration of
control measures. What is most needed is not to
intensify control measures but to achieve efficient
control in an ecological sense. By efficient control is
meant control that (1) keeps the disease at a tolerable
level in relation to the competence of medical and
veterinary services and at the same time does not
impede the economic progress of the societies affected
and (2) ensures that the beneficial effects of trypano-
somiasis in maintaining the ecological balance be-
tween the natural resources of the continent and the
energy expenditure of its inhabitants, are retained
until they can be replaced by new social and eco-
nomic controls which are integrated into the local
cultures of the people.
An historical viewpoint (now beginning to emerge)

is necessary for an understanding of the present
status of the trypanosomiases, both human and
veterinary, in the continent as a whole. As a prelim-
inary to a new approach to control policy, it is
proposed to compare the trypanosomiases of 2 major
ecosystems, the central and West African rain-forests
and theBrachystegia-Isoberlinia woodlands (miombo).
Other tsetse-infested zones are looked upon as inter-
mediate between these two (the forest-savanna
mosaics, or derived savanna) or between the miombo
and the subdesert zones (the Acacia-Commiphora
etc., thornbush or, in the south, the mopane-veld).
The basic pattern is most clearly seen in West Africa
where rain-forest gives way to forest-savanna mosaic
and in the regions of southern Guinea, northern
Guinea, Sudan and Sahel where they succeed one
another until the latter merges with the Sahara
Desert. In East Africa this basic pattern is broken up
by pronounced tectonic features, by large lakes and

by the interaction of these with the monsoon climate
derived from the Indian Ocean.

CONGO BASIN AND WEST AFRICAN RAIN-FORESTS

In the-Congo basin, central moist forests at low or
medium altitudes are bounded in the north and south
by forest-savanna mosaics, vegetation complexes
derived from the modifying activities of man upon
the natural forest. On its eastern borders, the moun-
tains of the central rift provide a third major eco-
logical complex. Palpalis-group tsetse are universal
on nearly all waterways and most of the fusca-group
species are also found. Glossina morsitans and, locally,
G. pallidipes in the east and south, and the closely
related G. longipalpis in the north, infest parts of the
forest-savanna mosaic. In the south-west, much of
Katanga overlaps the Brachystegia woodlands of
east and south-central Africa. In Katanga, Rodhain
and his colleagues made the classical observation
around Lumumbashi (Elizabethville) that concen-
trated human activity alone is sufficient to expel
Glossina morsitans (Rodhain, 1926). At about the
same time Swynnerton (1921) reached similar con-
clusions from an historical study of Ngoni land-use
methods in Gazaland.

Cattle trypanosomiasis in the rain-forest is of
little significance and the infections of cattle on the
peripheral areas are best dealt with in connexion with
the morsitans fly-belts of east and southern Africa.
In the West African Guinea Zone human trypano-
somiasis is of overwhelming importance. Three
points may be made:

(1) The distribution of sleeping sickness in the
Congo basin has remained essentially the same since
it was first mapped by Dutton & Todd (1906). The
main geographical correlation is with the southern
forest-savanna mosaic stretching from the lower
Congo between Mbandaka (Coquilhatville) and the
northern Angolan border eastwards to beyond the
Lualaba in a zone about 400 km wide. This is one of
the areas in which African societies have evolved
relatively highly developed cultures (see Vansina,
1965; Balandier, 1968). Extension of this endemic
area northwards to form a horse-shoe that embraces
the lower Ubangi basin was perhaps associated with
the use of these rivers as highways. In the east the
Semliki Valley beneath Mt Ruwenzori has an ancient
history as an endemic focus (Van Hoof, 1928).
Janssens (1968) has recently reported that, in the
resurgence since 1961 of epidemic conditions, foci
of infection located in the areas where campaigns
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against the disease were undertaken during the first
part of the century have reappeared. It is remarkable
that the centre of the Congo basin has always been
free of infection although it is infested throughout
with suitable vectors and, while less heavily populated
than the peripheral areas, is by no means devoid of
people.

(2) The idea that West Africa and the lower Congo
basin formed the original endemic focus from which
pathogens were carried eastwards between 1885 and
1900 now seems quite untenable. A far more likely
basic cause of epidemic spread of human trypanoso-
miasis is the prior spread of stress conditions (other
diseases, famines, social disruption) that created
situations in which relatively easily tolerated endemic
trypanosomiasis assumed an epidemic character.
Thus, in the Semliki Valley epidemics were avoided
by disposition of the population in a way that did not
permit close contact between man and vector. In the
Lake Victoria region " healthy carriers " described by
Koch (1907) among canoe-men at the height of the
epidemic on the Sesse Islands suggest a long-standing
adjustment to infection among persons in continuous
contact with G. fuscipes along the lake shores. The
adjustment was both ecological and physiological.

(3) The history of trypanosomiasis control in the
Congo basin can perhaps be summarized by 3
asymptotic curves. The first curve is hypothetical and
represents the control achieved by isolation (lazarets)
and use of atoxyl and other drugs of low efficiency;
the second curve represents the control achieved
principally by use of tryparsamide, summarized by
Van Hoof (1947); and the third curve the control by
lomidinization which by 1959 had reduced new case
incidence to 0.006% of the population (Neujean,
1963). That within 3-4 years local indices had risen
to equal or even to surpass indices measured in the
early twenties suggests two propositions:

(a) that continuation of surveillance and treatment
at the level of efficiency developed by the Belgians up
to 1960 might have led, eventually, to a search for a
domestic-animal reservoir, and (b) that the imme-
diate cause of the severity of the post-independence
epidemics was the prior removal, by drug treatment,
from almost all the population at risk of infection, of
a natural protection from infection of the type
formerly described by veterinarians as " premunity ".
This is suggested, for example, by the work of Bentz
& Macario (1963) who demonstrated high IgM
levels in persons with no other indication of infection

and the return of their sera to " normal " after treat-
ment with trypanocides. The relatively heavy parasi-
taemias observed in children in gambiense-endemic
areas is also suggestive of this (see also the reassess-
ment of the Zambezi endemic by Blair, Burnett
Smith & Gelfand, 1968).

THE BRACHYSTEGIA-ISOBERLUNIA (MIOMBO)
WOODLANDS

The morsitans ecosystem stretches eastwards from
Angola into Katanga, Zambia, Southern Rhodesia,
Mozambique and thence north to Uganda and
Tanzania. There are 2 principal subspecies in eastern
and south-central Africa. One lies, for the most part,
at less than 1200 m above sea-level, between the edge
of the African plateau and the eastern coast. The
other lies above this altitude, between the eastern
rift and the borders of the Congo-basin forests. The
third major subspecies, G. morsitans submorsitans, is
associated with the Isoberlinia woodlands that run
westwards from north-west Uganda to the Republic
of Guinea.'
The association of G. morsitans with these wood-

lands is not a rigid one. The species penetrates
extensively into the derived forest-savanna mosaics
towards the rain forests and is also able to survive in
more arid environments by making use of restricted
refuge sites for resting in the hot season, a habit that
makes it vulnerable to selective insecticide attack in
these drier zones. Elsewhere success is less easily
obtained (MacLennan, 1967).
The importance of Glossina morsitans lies in its

predominance as a transmitter of trypanosomes
between the various species of wild animals. Its role
as a vector towards man and his domestic stock is
complicated and obscured by the presence within the
morsitans fly-belts of other species of tsetse and by
the variation in its behaviour towards man as a food
host. The idea that it feeds readily on man needs
much qualification. Marked epidemiological and
epizootiological distinctions are to be observed bet-
ween the trypanosomiases of East and West Africa.
In the former (with which are here included Zambia,
Malawi, Southern Rhodesia and Mozambique) the

1 Vanderplank's (1949) nomenclature has recently been
revised by Machado (in press). Glossina morsitans orientafis
Vanderplank, 1949, is now correctly included in Glossina
morsitans morsitans Westwood, 1850, and the sub-species in
the high level habitat becomes Glossina morsitans centralis
Machado, 1969.



J. FORD

pattern of cattle-population distribution forms a
fairly precise negative of the pattern of tsetse distri-
bution. Where there are cattle there are no tsetse and
vice versa. This distinction is far less marked from
Cameroon westwards, where a massive annual
transhumance carries hundreds of thousands of
cattle every year out of the main pastures ofthe north,
deep into the tsetse-infested areas of the south. This
has an effect that is not yet fully appreciated. It
enables trypanosome infection to exert a powerful
direct control over cattle numbers. The ability of
West African cattle (e.g., Bororo, White Fulani,
Gudali, etc.) to penetrate the tsetse belts, even to the
extent of traversing country infested with G. morsi-
tans, would seem to be derived from sustained
contact with palpalis-group tsetse, especially G. tachi-
noides, which transmits Trypanosoma vivax and T.
brucei. Access to the pasture reserves is purchased
by the counterbalancing effect of continual, but
more or less tolerable, infection transmitted by
G. tachinoides.

In eastern Africa this does not happen and trypa-
nosomiasis in normal circumstances exerts very little
direct control over cattle numbers. Hornby (1938)
described Tanzania as a cattle-keeping country
"' where disease slays its thousands and starvation
its tens of thousands ". To this one may add, with
regard to the thousands slain by disease, that
theileriosis (east coast fever) is of far greater import-
ance than is trypanosomiasis. In the great centres of
cattle-keeping in eastern Africa-Sukumaland, Ma-
sailand, Ugogo in Tanzania, Teso and Karamoja in
Uganda, the northern frontier of Kenya-the major-
ity of animals never come into contact with tsetse. It
is true that in most cases the areas of pasture are
surrounded by tsetse-infested bush and that the
cattle on the periphery of the pastures are subject to
infection; but they form only a small percentage of
the whole stock population. It is true, also, that
removal of tsetse will increase the area of available
pasture and that this will permit an expansion of the
cattle population, but as the new land comes rapidly
into occupation, so deaths from starvation will
increase. That this has nothing to do with trypanoso-
miasis is demonstrated by the population of African-
owned cattle in Southern Rhodesia where, until the
middle fifties when drugs altered the situation, the
limits on stock population- expansion-were-provided
by the arbitrary boundaries of " native" land and
not by the tsetse belts.

In that country, as in the tsetse-infested lands
further north, the post-rinderpest recovery of the

cattle populations was very rapid (Fig. 1). Starvation
losses were first recorded in 1912. In 1922 there was
another drought, 2 more in 1927 and 1928 and then
4 successive drought years in 1932-35 brought a halt
to population increase. (Note that drought years are
reported by veterinary or administrative officers only
when cattle die of starvation and thirst. If deaths do
not occur the " drought" is not noticed.) Efforts to
popularize sales of cattle in 1937 and 1938 helped to
slow down the recovery but were not sufficiently
effective, so that in 1945, 1946 and 1947 compulsory
culling was introduced. But in the post-war era such
measures could not be continued, with the result that
stock numbers again began to rise, and the inevitable
drought appeared in 1960 with severe mortality.

In Sukumaland in Tanzania, a cattle population of
similar magnitude is far less well documented, but it
is evident that the same sort of history is to be found.
There was an initial period of comparatively rapid
post-rinderpest population increase that was brought
to an end by a severe drought in 1931-32. In 1944
another drought halted recovery and in 1948-49
some half-million head of cattle died (i.e., about 20%
of the cattle population). The main difference to be
observed between the growth of these 2 cattle popu-
lations is that in Tanzania a parallel growth of the
human population produced a concurrent increase in
the area of available pasture. This did not happen,
for political reasons, in Southern Rhodesia. Never-
theless, once the stock population has reached a
critical density, its rate of increase is controlled by the
amount of grass available and the disposition of
water supplies. It used to be held that tsetse reclam-
ation would serve a valuable purpose in reducing the
pressure of livestock on the land. This is not so, for
without far-reaching changes in land husbandry,
tsetse reclamation will only result in even greater
periodical mortality from starvation. In the Sabi
East tsetse-control area in Southern Rhodesia, the
attack on bovine trypanosomiasis by drugs and by
vector control was particularly successful. At one
centre " removal of the trypanosomiasis threat has
resulted in a census increase of 52% in only 3 years ".
It is anticipated that unless sales can be markedly
increased " there could be a natural decline in the
size and quality of the cattle, as it appears has
taken place in the small stock" (Department
of Veterinary Services, Ministry of Agriculture,
Southern Rhodesia, 1967). This is an understatement
of the danger. If artificial control of stock numbers is
not achieved, the population growth curve will begin
to exhibit a fluctuation brought about by periodical
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FIG. 1
FLUCTUATIONS IN CATTLE POPULATIONS IN SUKUMALAND, TANZANIA,

AND IN SOUTHERN RHODESIA IN RELATION TO PASTURE FAMINES (F), SALES (S) AND
ENFORCED CULLING (C)

mortality from starvation in the manner observed in
areas remote from tsetse fly.

If from this situation one returns to the perpetually
infected and reinfected West African cattle and the
vast acreages of seasonal pasture that are preserved
for them by the existence of the G. m. submorsitans
belts and the network of palpalis-group tsetse, one
must feel apprehensive of any scheme for tsetse
eradication that is not preceded by a massive revolu-
tion in social life and economy among the Fulani and
other cattle-owning people of West Africa. Wilson
et al. (1963) estimated that removal of tsetse flies from
Africa would allow the cattle population to double
itself. They also stated that drug administration in
Northern Nigeria between 1952 and 1960 had cost
£1 200 000 or, say, £133 000 per annum. It was
implied that this annual expenditure could be avoided
and the capital value of livestock more than doubled
by removal of the fly-belts.' It may be so, but study of
the natural population control of East African cattle
by starvation suggests that the doubling of the stock
population of Nigeria might be achieved at a cost of
a 20% mortality from starvation every 5 or 10 years.
A doubling of the livestock population and its perma-

nent, instead of intermittent, occupation of the
Guinea pastures would certainly make changes in the
grass flora; water distribution (and consumption)
would be changed and there would be profound
alterations in the pattern of agriculture. The cattle
would also lose their very valuable partial immunity
to trypanosome infection.

EPIZOOTICS AND EPIDEMICS

Four years ago I drew attention to the possible
role of the collision between the recovering G. mor-
sitans fly-belts and the growing human populations,
also recovering from the ecological impact of the
outside world, in creating the conditions in which the
epidemic spread of Trypanosoma rhodesiense took
place in Tanzania between 1920 and 1935 (Ford,
1965). Since then Onyango, de Raadt & van Hoeve
(1966) have published their discovery of T. rhode-
siense in cattle during the Alego epidemic. This
provokes some interesting ideas:

(1) Many years ago Fairbairn & Culwick (1951)
inoculated T. rhodesiense and T. brucei (or, as might-
now be said, 2 strains of T. brucei, one infective to
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man and one not) into the same rat. After a number
of passages the mixed infection lost its power to
infect man, in other words, the T. rhodesiense had
disappeared. Their explanation was unacceptable,
but the work was repeated by Vaucel & Jonchere
(1954) and Vauchel & Fromentin (1958), who con-
cluded that one strain over-grew and extinguished
the other. Since it seems that T. brucei not infective
to man is more common in tsetse than T. brucei
rhodesiense, it might be expected that cattle infected
with the latter during the course of an epidemic
might eventually cease to be a reservoir of human
infection.

(2) Unsworth & Birkett (1952) and Godfrey, Kil-
lick-Kendrick & Ferguson (1965) observed infections
in cattle trekked through the Nigerian G. m. sub-
morsitans fly-belts. In untreated controls both teams
found that T. vivax was the first infection to become
patent. It was followed a few days later by T. brucei
and, finally, by T. congolense. T. brucei was apparent
in the circulation for less than a week, leaving only
T. vivax and T. congolense to be seen in the blood at
the end of the trek.

(3) Cunningham & Van Hoeve (1964), as a result
of an immunological study of Uganda cattle, con-
cluded that a very large proportion of them had, at
some time, been infected with T. brucei, although the
trypanosome could no longer be found in their
circulations.
One of the difficulties in explaining the often rapid

onset of an epidemic of Rhodesian trypanosomiasis
arises from the apparent low rate of salivary gland
infection observed in Glossina. A rate of 1 % is high
and of that 1% most workers would accept that the
greater part was composed of strains not infective to
man. The Alego epidemic was initiated by a change
in the distribution of G. fuscipes as a result of alter-
ation in the lake level. The Alego cattle, therefore,
were suddenly brought into contact with trypano-
some infection. If they responded in the way that
the Nigerian trek cattle responded to initial contact
with G. morsitans then one might suppose that each
beast would show first a vivax and shortly after-
wards, a brucei parasitaemia. There would thus be
a period when the newly arrived vector population
was in close contact with a highly favoured host
(cattle) in the peripheral circulations of which, for a
period, an abnormally large population of various
T. brucei strains was present. In an epidemic arising
from a change in the geographical relationship of
tsetse and the human community, it seems possible

that a vital factor in augmenting the transmission
rate of the parasite is the interval in which the domes-
tic stock population provides temporarily a greatly
expanded reservoir from which local tsetse may be
infected.

Little or no consideration has been given to the
synchronization (or its absence) between epidemics
and epizootics of trypanosomiasis. That this might
be a fruitful field for study is suggested by a compa-
rison between cattle population growth curves in
eastern Uganda and the succession of rhodesiense
epidemics. Cattle moved away from the eastern end
of the expanding Busoga fly-belt in 1928-29. (A
change in the status of endemic trypanosomiasis in
cattle on the edge of fly-belts is generally first re-
flected in migration and not in mortality). It was
not until 1932 in Bukedi and 1935 in Busoga that
cattle trypanosomiasis began to influence the stock
censuses. But in 1938-40 a marked change took
place. Stock were moved in large numbers out of
these 2 districts into Teso and the decline of Bukedi
and Busoga cattle continued for some years and was
stopped only by a massive quinapyramine inoculation
campaign in 1950 (Randall, 1958). Figures for the
yearly incidence ofhuman trypanosomiasis in Busoga
and Bukedi have not been published in full but it is
certain that the trend of the curve of new cases in
Uganda as a whole (from Medical Department
Annual Reports) since 1940 has been very largely set
by the case incidence in these 2 districts. The appear-
ance of the epidemic peak in 1942 (Mackichan, 1944)
just after a mass movement of cattle had initiated a
population decline due chiefly to T. congolense infec-
tion is most striking (Fig. 2). It will also be observed
that the incipient epidemic described by Robertson
(1963), which reached a peak in 1957, was preceded
by a change in the trend of the Bukedi cattle popula-
tion growth between 1952 and 1955.

Epidemics of Rhodesian sleeping sickness are
initiated by changes in the relative positions, either
geographically or numerically (demographic change),
of human populations and their adjacent fly-belts.
Cattle involved in these changes play an important
part in temporarily increasing the available reservoir
of trypanosomes infective to man. In addition to the
Busoga epidemic of 1940-44 and the Alego epidemic,
it is suggested that the epidemic spread of T. rhode-
siense between 1920 and 1935 in Tanzania, the
epidemic in the Bugesera area of Rwanda in 1954 and
the outbreak in the Kariangwe area of Rhodesia in
1913 (the nearest approach to an epidemic ever ob-
served in that country) may have had similar origins.
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FIG. 2
HUMAN TRYPANOSOMIASIS AND THE CATTLE POPULATIONS OF THE WOODED

SAVANNA OF EASTERN UGANDA

GAME ANIMALS AND INFECTION FOCI

The new integration of African society with the
wildlife ecosystems that still occupy the greater part
of the tropical zone must involve the proper manage-
ment and exploitation of the wild game. The slaugh-
ter of these reservoirs of infection as advocated by
Bruce (1915), and practised until 1960 in strictly
limited zones in Southern Rhodesia, is unacceptable
if only because it is wasteful. Adequate planning of
trypanosomiasis control, therefore, demands a full
knowledge of trypanosome transmission between the
natural hosts, the vectors and man and his domestic
animals.

Recent infections in the Serengeti area as well as
the relatively numerous infections of Europeans in
Southern Rhodesia since the construction of the
Kariba Dam have an interesting feature in common.
They have appeared in people who have undergone
a very brief exposure to tsetse attack. In particular
the Southern Rhodesian cases point strongly to a
very precisely defined nidality of infection: the week-
end fisherman on the Zambezi camps under or
within dense evergreen thicket in exactly the sites in

which one would expect to find Glossina pallidipes
and bushbuck. Glossina pallidipes are not easily seen
in this area except with use of a bait animal in
thicketed areas where very large catches can be
obtained (Pilson & Leggate 1962). Bursell (1961)
and Glasgow (1961) have drawn attention to the fact
that most feeding by tsetse is from stationary hosts
in shaded sites. The circumstances of the infections
of Europeans in Southern Rhodesia suggest that the
arrival ofa holiday party in an appropriate site causes
resident animals to move away. G. pallipides in the
immediate neighbourhood will therefore turn to feed
from the animal (man) which now occupies the site
of its customary host.
A study of the biting habits of tsetse in relation to

various hosts needs to be greatly expanded before a
new approach can be made to control planning.

LAND-USE PLANNING AND SETTLEMENT

The foregoing introductory paragraphs will give
some notion of the ecological background of trypa-
nosomiasis control. In the past the writer has
advanced the idea that settlement and land-use
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should be directed into channels specifically designed
to eliminate the habitats of tsetse flies. This now
seems wrong. It suggests that the population of the
continent is impotent to deal with trypanosome
infection and tends to collapse in the face of so-
called " advances " of tsetse. The trypanosomiasis
problem should properly be regarded as an aspect of
a conflict between ecosystems. On the one hand the
natural flora and fauna (including man in his
primitive condition as hunter and gatherer) are in
competition for land with artificial ecosystems crea-
ted by the activities ofhuman communities at various
stages of cultural development. The attainment of
control over the natural ecosystems is a necessary
preliminary in the growth of civilization. Essentially
it involves the management of vegetation for food
production. In Western Europe north of the Alps
the work necessary to achieve this was performed
chiefly between A.D. 700 and A.D. 1500. Around
the Mediterranean it was much earlier. The process
is still in progress in the tropics where the human
environment is less easy to bring into productive
control. A substantial portion of the African popu-
lation still lives more or less in direct contact with the
natural ecosystem, although inspection of a variety of
maps suggests that of an area of potential tsetse
infestation of about 4 million mi2 (10.36 million
kM2) at least 250 000 mi2 (647 500 km2) had been
converted to tsetse-free land by the beginning of the
19th century. Concurrently the populations involved,
and their livestock, developed varying degrees of
physiological adjustment to infection.
The 2 processes, of converting the natural flora

and fauna into managed ecosystems and the evolution
of physiological adjustment to trypanosome infection
were both dependent upon a high degree of popula-
tion mobility, though as pointed out by Prothero
(1963) this was mobility of a sort different from that
which followed the imposition of colonial regimes.
One deleterious effect of the colonial invasion, the
abrupt population decline that followed the epi-
demics and epizootics to which it gave rise, had been
overcome well before independence. The African
population as a whole is now increasing; that is, the
mechanism necessary for the conversion of bush to
cultivation has been repaired and, perhaps, improved.
The population growth of Tanzania, if it continues at
the rates measured during the last 2 decades, will
cause a massive diminution of the area of the fly-
belts in the not-too-distant future. According to
Turner (personal communication, 1968) there are
only 2 small areas in which tsetse is spreading in Tan-

zania at present. One of these is that from which
G. swynnertoni and G. pallidipes were removed by
game destruction between 1945 and 1951 (Potts &
Jackson, 1952). It is an area that was unpopulated by
people a century ago, although all around it was
dense population in country which has not yet
recovered fully from population losses between 1885
and 1920.

NATURAL FOCI OF TRYPANOSOME INFECTION

A first essential of policy planning is ability to
define natural foci of trypanosome infections. Clear-
ly the Southern Rhodesian fishermen at the eastern
end of Lake Kariba choose natural foci to camp in.
The residual pools in northern Nigerian rivers, where
villagers come into close personal contact with G.
palpalis, are natural foci of infection of the same
kind. The tendency of G. pallidipes to occupy quite
small habitats can also be related in some areas to
localized foci of cattle infections, but in the wide-
spread savanna woodlands it is less easy to speak of
foci of infection transmitted by G. morsitans. A
distinction must be made here between foci of infec-
tion and the " concentration sites " of these tsetse,
which in some areas form the basis for discriminative
clearing or of selective insecticide control techniques.
They are not foci of infection because normally there
are no people or cattle associated with them to
become infected. In the morsitans belts the perma-
nent sources of natural infection are those portions
which cannot be eliminated by land-use techniques so
far developed. They are those parts of the natural
ecosystems in which tsetse and the natural hosts
survive because man cannot. The area mentioned as
having been cleared of tsetse by Potts & Jackson
(1952) is one of them. This " Nindo Jungle " was
traversed by Speke in 1858. It was extant as a small
fly-belt in 1913 and was the source of the spread of
G. swynnertoni which engulfed the Shinyanga dis-
trict between that date and 1925. The Shinyanga fly-
belts were preserved as experimental blocks until
1959, except the Nindo block itself which was re-
claimed by shooting. With the closure of the Shin-
yanga laboratory the fly-belts rapidly disappeared
under pressure of population, except the Nindo
block, which is reverting to tsetse because it is
unwanted.

THE LOW PRODUCTIVITY
OF G. MORSITANS FLY-BELTS

The " Nindo Jungle " is unwanted because it is not
usable. Often these unusable areas are associated
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with well-defined topographical situations and they
tended in the past (and still do) to fall into what
German geographers called " Grenzwildnisse ". These
no-man's-lands served as hunting reserves and, at
the same time, as natural foci of infection. Their
survival because of the difficulties encountered in
exploiting them is apparent from the land-use surveys
carried out in Southern Rhodesia by Vincent,
Thomas, Anderson and Staples (no date). They di-
vided the country into 5 natural regions based upon
climate, soils, topography and vegetation. Regions I,
II and III comprise land adaptable to various types
of comparatively intensive mixed farming. Region
IV is suited to extensive cattle-rearing with a small
amount of arable farming for raising supplementary
fodder crops. Region V can be used only for exten-
sive ranching, with a carrying capacity between 1
beast to 20 acres and 1 beast to 50 acres, or as a
wildlife reserve. A sixth category (XX) includes land
in any region, although most of it is in Region V,
that is unexploitable, usually because of difficult
topography. (In some areas, where the limiting fac-
tor is rainfall, irrigation may greatly change the
potential for rural industry.)

Before the 1895 rinderpest, G. morsitans occupied
50 000 mi2 (130 000 km2) of country in the Zambezi
basin and another 22 000 mi2 (57 000 kM2) in the
Sabi-Lundi and Limpopo basins in the south-east of
the country. There are sound reasons for believing
that these fly-belts were very much smaller during the

heyday of the Rhodesian Iron Age between A.D. 1000
and A.D. 1800. About half the potential area of the
Zambezi fly-belt had become reinfested by 1930 when
the large-scale game destruction work began. It came
to an end because it was no longer worth while to go
on. This is clear from the accompanying table.
By 1949 almost all the areas of high economic

potential (Regions I, II and III) that were formerly
infested by tsetse had been recovered. The still
infested parts of the Zambezi valley now contained
60% of the country's unusable XX land. Low-
carrying-capacity land, much of it waterless and
lacking access to markets formed 76% of the 1949
fly-belt. In fact the campaign had already overshot
its mark and had freed more country from tsetse than
could be safeguarded from reinvasion with the re-
sources available. In 1950 tsetse began to spread once
more into an area (the Urungwe Reserve) in which
over 8000 head of cattle had been established after
the conclusion of game destruction in the area in
1944. Between February 1950 and September 1952
some 2800 died. It was decided to evacuate the
survivors, but of these 2280 had to be slaughtered
because they were unfit to walk (Chorley, 1954). Vin-
cent et al. (no date) estimated, in about 1961, that in
Region V " an African beef producer with a herd of
about 20 animals could, with good management,
produce on an average 4 animals for sale yearly and
that his net income from these, after deducting dip-
ping costs and marketing and development charges

AREAS OF THE NATURAL REGIONS OF SOUTHERN RHODESIA DURING THE PERIOD
OF MAXIMUM EXTENSION OF THE TSETSE BELTS AND IN THE PORTION OF THE

ZAMBEZI BELT SURVIVING AT THE END OF THE SHOOTING CAMPAIGN

Area (mil)
Natural Zabz ste Maximum
region a In all Southern Maximum Zambel t extension of

Rhodesiab extension of belt surviving Sb-ippZambezi fly-beltc in 1949d Sabi-Limpopo

2 368 1.6 % Nil 0.0 % Nil 0.0 % Nil 0.0 %

I1 28351 18.7% 595 1.2% Nil 0.0% Nil 0.0%

III 26467 17.4% 11166 22.2% 892 5.7% Nil 0.0%

IV 50 231 33.1 % 27 017 53.7 % 7 268 46.8 % 1 610 7.5 %

V 39 723 26.1 % 6 969 13.8 % 4 545 29.2 % 19 956 92.5%

XX 4 711 3.1 % 4 566 9.1 % 2 847 18.3 % Nil 0.0 %

Total 151 851 100.0% 50313 100.0% 15542 100.0% 21 566 100.0%

a After Vincent et al. (no date).
b From Phillips et al. (1962).

c From Jack (1933).
cl From Whellan (1950).
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and making allowances for the interest on the capital
value of his herd, would be about £45 per annum."
To achieve this he needs 600 acres (243 ha). The
European rancher in similar country requires about
50000 acres (20 234 ha) to support himself and
his family in reasonable comfort (i.e., a net annual
income in 1961 of perhaps £2500). Trypanosomiasis
control forms only a small part of the capital ex-
penditure required to achieve production at this
very low level.

DEVELOPMENT POTENTIALS OF FLY-BELTS

There are still extensive areas of G. morsitans-
infested bush, however, which are fly-infested because
population growth has not yet provided enough
people to take them over, although in the middle of
the 19th century they supported large populations.
This suggests another approach to planning: in con-
sultation with pedologists, meteorologists, agrono-
mists and others, those responsible for trypanosomia-
sis control should produce maps to indicate portions
of the tsetse-infested country which are either (1) not
capable of development because of inherent poverty
of resources; (2) capable of productive development
by peasant agriculture but remain unused because of
insufficient demand; or (3) areas capable of produc-
tive development by injection of new techniques. In
the latter category one may include, for example, at
one extreme, National Parks for tourism, and at the
other, large-scale irrigation works. A second stage
in this sort of planning would involve assessment of
development priorities.
The aim of this exercise would be to indicate areas

in which field investigation should be concentrated.
If we are to make good use of the very considerable
body of technical knowledge on tsetse flies and try-
panosomes which is now available and not force
research and field staffs into continual preoccupation
with emergencies, some kind of planning is essential.
Indeed, if the emergencies are to be dealt with as
efficiently as the limitations of staff allow, a priority
programme must be developed to determine the con-
ditions in which epidemics and epizootics are likely
to develop. Much of the information needed is
available. The compilation of a map of Africa by
FAO showing (1) areas in course of development and
(2) areas scheduled for development and, of course,
specifying the kind of development in each area,
would provide a guide to governments in the most
productive employment of their own investigational
teams. These field investigation teams ought to
include in their assessment of the trypanosomiasis

situation not only the obstacles to development that
the presence of the disease will provide and how to
deal with them, but also the ill effects, if any, that
might result from removal of infection. Finally a
joint exercise between trypanosomiasis-control ex-
perts and experts in other fields of planning would
assess damage to natural resources and to inherent
physiological protective mechanisms (partial immun-
ities) that might result from use of the control
techniques proposed for the area concerned.
A similar approach should be adopted towards

the human infections. Limitation of resources of
skilled manpower still compels concentration upon
emergencies: mass surveys; mass inoculations;
blanket spraying with insecticides. All sorts of bio-
logical as well as mechanical bulldozing perhaps save
lives but at a cost to future generations that cannot
be fully assessed even in retrospect. This is not to
imply that workers in the field do not appreciate the
need for a biologically integrated approach to prac-
tical problems. This has been well understood for
at least 2 decades. Teams sent to emergency areas
are broadly based, with doctors, veterinarians, and
entomologists who collaborate as well as they are
able, not only among themselves but with agrono-
mists, administrators, foresters, game-wardens and
others concerned with rural development. But in an
emergency area, even if a sound theoretical basis
existed for integration of data (which it does not)
there would be no time to develop an approach to the
local situation that would ensure minimal destruc-
tion to natural resources and minimal disruption of
peoples' lives.

THE ENDEMIC CONDITION

Field research is urgently needed in areas which
are not in a state of emergency, whether of health or
economics, in which the nature of local endemism in
all its aspects would be studied. This study would
provide the data for assessing the potentials for
epidemics and epizootics, having regard to a variety
of the development potentials that have already
emerged from the work of development planners.

There could hardly be a better area to illustrate
this failure of integration of knowledge than Nyanza
in Kenya and it is worth while to look briefly at its
history. Two men who were not wholly in agreement
with the Uganda Government's policy of wholesale
evacuation in the face of the devastating Uganda epi-
demic of 1900-10 were Fiske and Carpenter. The
former at first accepted this policy as correct but
eventually realized that there were extensive sections
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of the Lake Victoria shore where people were living in
constant contact with G. fuscipes and yet remained
uninfected (Fiske, 1920). He evolved the idea, no
doubt derived from the study (Howard & Fiske, 1911)
later to become a classic of quantitative ecology on
host search by insect parasites, that the epidemic con-
dition arose when host and vector populations were
together present in optimum densities. Carpenter
(1924) tried to apply this notion to the endemic along
the Kavirondo shore. He located 4 foci of infection
and showed that in each case population density
within 2 mi of the shore was over 50 per mi' (19.3
per km2) and tsetse density on the shore over 15
males per boy/hour. His methods were crude and
the hypothesis was incomplete: nevertheless when
Morris (1960) plotted the location of infection in the
1953-56 epidemic, on half of the coastline surveyed
by Carpenter the 2 foci that the latter had found on
the same coast were still active (compare Janssens'
(1968) report on the Congo already referred to).
The idea of relidual foci of infection is, of course,

an old one: but the interest of Nyanza lies in the fact
that, perhaps more than any other area in Africa, it
has received prolonged attention from a long series
of experts in a wide variety of different aspects of the
trypanosomiasis problem. It has been under medical
surveillance for over half a century. Carpenter's
studies were followed by those ofmany other workers
who produced several original and potentially revo-
lutionary discoveries. Whiteside (1953) demon-
strated that the trypanosome infection rates of G.
pallidipes in the Lambwe Valley were changed
following changes in the patterns of land usage.
Glasgow & Wilson (1953) showed at Port Victoria
that, contrary to accepted dogmas, tsetse density and
host density could be quantitatively interdependent.
In the same neighbourhood Heisch, McMahon &
Manson-Bahr (1958) found the first T. rhodesiense in
a wild animal. Here also Wilson (1953) pioneered the
use of insecticides to extinguish a trypanosomiasis
epidemic. These are only some of the highlights in a
long line of research papers. And yet after 2 years
of abnormally heavy rain the Alego epidemic of
fuscipes-bome rhodesiense trypanosomiasis found
the authorities unprepared, although all the informa-
tion necessary to produce a comprehensive plan had
long been available.

REQUIREMENTS FOR EFFICIENT CONTROL

A sound basis of epidemiological and epizootio-
logical theory is needed for the integration of existing

knowledge and to indicate what new information is
required.

(1) The first step is to enlist the services of compe-
tent mathematical epidemiologists. It is enlightening
to read the list of parameters used by Macdonald
(1957) in his treatment of the epidemiology of mala-
ria and to see the gaps that they immediately suggest
in knowledge of trypanosomiasis. Macdonald him-
self believed that his malaria model could be applied,
with very little modification, to most infections
carried by insects. Referring to communicable
diseases in general, Macdonald (1965) said:
Does the solution to that problem [of communicable

disease] or our approach towards finding a solution to
it take full advantage of all available scientific knowledge
and capacity at the present time? So far as tactics are con-
cerned, the detailed actions to be taken, limited or defined
by local sets of circumstances, it can at least make
reasonable claim to doing so ... However, in the field of
strategy the same claim cannot be made. When it comes
to development of a policy in such a way as to gain the
initiative and ultimately gain complete mastery over an
infection throughout substantial areas or populations,
scientific knowledge has as yet scarcely been brought into
play.

This is entirely true of the trypanosomiases. If re-
search is to be usefully applied, if the international
agencies are to assist effectively, then their initiative
must be scientific and not, as in the past, adminis-
trative or political.

(2) The discussion suggested under (1) above will
show that much of the knowledge required is avail-
able or may be expected to emerge from current re-
search. When it is lacking, the necessary research
should be promoted, for without it no fresh approach
to planning is possible.

(3) Formal mathematic epidemiology can only be
developed if there is a sufficient body of circumstan-
tial epidemiology available to provide starting-points
for discussion. Essentially, circumstantial epidemio-
logy is an exercise in recognizing correlations. If it is
to make a proper contribution to understanding the
causal relationships of these correlations must be
scientifically demonstrable. Much has been done,
but not enough. All sorts of surveys are involved and
the means of making them have been developing
rapidly in the last few years. Parallel to the need to
extend such survey work is the need to impress upon
governments the importance of enumeration of
people and of livestock. In some countries this work
has continued, but elsewhere, either because it
became discredited because linked to political issues
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or simply because it was associated with colonialism,
census-taking of people and of livestock has been
abolished. But if there is to be any escape from
emergency and a shift to a policy of progressive
increase of control, enumeration is essential. This, no
doubt, is a point equally applicable to other diseases,
both human and veterinary.

(4) There seems no procedural obstacle in the way
of implementing suggestions (1) and (2) above. Nor
is there any obstacle to a project of collating inform-
ation on the development potentials of fly-belts as
suggested on page 888. Such a project was accepted
as desirable at a meeting of the Commission for Tech-
nical Co-operation in Africa South of the Sahara in
Lagos in September 1963.

(5) Consideration should be given to the forma-
tion of an epidemiological/epizootiological research
team, based upon the principles suggested in (1), (2)
and (3) above, to begin work in an area to be defined
as a result of a survey of the type suggested in (4).
Its practical object would be to investigate the
scientific basis of planning of trypanosomiasis con-
trol.

ADMINISTRATIVE AND ECONOMIC ASPECTS OF CONTROL

This paper has urged that a new look be taken at
the problems posed by the African trypanosomiases
and has suggested ways in which this might be done.
Until new theories about the ecological and economic
roles of these infections are formulated and accepted
it is not possible to make useful suggestions about
new policies for their control.

In most countries the human and veterinary
infections are dealt with by branches of the most
appropriate ministries and machinery exists for co-
ordination of effort when more than one ministry is
involved. The tactics of control are reasonably well
understood. But to get away from the preoccupation
with emergencies on the one hand or, on the other,
the undertaking of large-scale expensive works which
only sow the seeds of trouble for future generations,
a new concept of the biology of the trypanosomiases
is required. Suggestions have been made as to how
this may be achieved: but until it ic achieved then
there seems little scope for discussing change in the
administrative machinery needed for implementing
new policies, which, as yet, do not exist.

RESUME

LUTTE CONTRE LES TRYPANOSOMIASES AFRICAINES: UTILISATION DES TERRES

Les principes qui regissaient la lutte contre la trypano-
somiase avant 1960 ne correspondent guere a la situation
telle qu'elle se presente aujourd'hui. Cela s'explique en
partie par la perte d'illusions concernant l'efficacite de
panacdes telles que la chimiotherapie de masse et la lutte
intensive contre les vecteurs. II faut desormais utiliser
une nouvelle voie d'approche fondee sur le depistage et la
destruction de tous les foyers naturels d'infection; cette
conception inclut l'etude des reponses immunitaires des
h6tes tant naturels qu'accidentels.

L'ancienne theorie selon laquelle on peut lutter contre
la mouche tse-tse en planifiant l'utilisation des terres etait
erronee. Cette utilisation releve avant tout des habitants
des territoires consideres, aides par differentes categories
d'experts. Ce n'est qu'apres que l'on a etabli le pro-
gramme optimal de developpement economique que l'on
devrait faire intervenir les specialistes de la trypano-
somiase.

Plutot que de l'intensifier, il faudrait chercher a rendre
la lutte contre la mouche tse-tse plus efficace. A cet effet,
les mesures appliquees devraient avoir pour but a) d'em-
pecher la maladie de depasser certaines limites tolerables,
compte tenu de la competence des services d'endigue-
ment, sans toutefois entraver le developpement econo-
mique et b) d'assurer que la trypanosomiase continue a

exercer une influence benefique sur l'ecologie en mainte-
nant un equilibre entre les ressources naturelles du conti-
nent africain et la depense d'energie de ses habitants,
en attendant la mise en aeuvre de nouvelles mesures
economiques et sociales integrees dans l'evolution cultu-
relle des populations locales.

L'auteur passe en revue les aspects de la trypano-
somiase dont il faudrait tenir compte (ce qui n'est pas
le cas) lors de tout essai de planification. A l1'poque
precoloniale, l'adaptation a l'infection se faisait a la fois
sur le plan ecologique et physiologique, c'est-'a-dire que
l'utilisation des terres se modelait sur la # carte >> de la
maladie et que, dans les endroits oiu la mise en valeur
du sol impliquait un etroit contact avec le vecteur, on
voyait se developper des immunites partielles ou com-
pletes. Ces deux formes d'adaptation ont disparu entre
1885 et 1920. En dehors de la zone de dispersion des
glossines du groupe palpalis, les principales populations
humaines et bovines n'ont que peu de contact avec le
vecteur et echappent generalement a l'infection. La regu-
lation du nombre des bovins s'effectue donc plus par la
famine que par la maladie; c'est ce que demontre la
comparaison entre les courbes de croissance des popula-
tions de betail en Tanzanie et en Rhodesie. En Afrique
occidentale, oiu sevit le groupe palpalis, les humains et
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Ie betail sont constamment infectes. Ce dernier est
contraint a des migrations periodiques et la trypano-
somiase intervient directement pour limiter l'importance
des troupeaux. Les animaux s'adaptent beaucoup mieux
a l'infection et sont beaucoup moins expos6s aux
hecatombes periodiques catastrophiques dues a la famine.
Le r6le possible du betail dans le declenchement

d'epidemies dans certaines regions merite d'etre envisage.
On s'est tres peu interesse jusqu'a present 'a l'etude de la
coincidence entre les epidemies et les epizooties. L'auteur
cite un exemple pris a Busoga-Bukedi en Ouganda. Les
infections humaines sporadiques constatees dans la vall6e
du Zambeze peuvent etre dues a des foyers naturels tres
limites qui se creent lorsque des humains occupent provi-
soirement une region qui est l'habitat de cephalophes.
Le probleme de la trypanosomiase a pour origine un

conflit entre plusieurs systemes ecologiques. La flore et
la faune naturelles entrent en competition pour l'occupa-
tion des terres avec les systemes ecologiques artificiels
crees par des collectivites humaines se trouvant a des
stades differents de developpement culturel. Ce qu'il
faudrait, c'est permettre que cette confrontation se
poursuive en provoquant chez l'homme et le betail
domestique un minimum de morbidite et de mortalite, et
que soient preserves en meme temps les avantages que

peuvent presenter les reservoirs de trypanosomiase ani-
male. Pour y parvenir, trois conditions essentielles sont 'a
remplir. La premiere est de connaitre de faqon appro-
fondie les foyers naturels d'infection de la trypanoso-
miase; ce qui implique de nouvelles recherches sur le
terrain utilisant le plus possible les techniques d'enquete
recemment mises au point et encore peu employees. La
seconde est de connaitre les possibilites d'utilisation des
terres des zones a glossines et l'ordre des priorites en
matiere de developpement. On pourrait, dans un premier
stade, mettre en regard la gamme des possibilit6s de mise
en valeur du sol et les cartes de repartition des mouches
tse-tse. La troisieme et la plus importante de ces condi-
tions est de trouver un moyen d'integrer toutes les don-
nees necessaires en vue de mettre sur pied des programmes
equilibres de lutte contre la trypanosomiase. Le moment
semble venu de recourir aux services d'epidemiologistes-
mathematiciens pour etudier la trypanosomiase sur un
plan general et local.
Ce n'est que lorsque ces conditions seront remplies

qu'il sera possible de formuler des directives fondees sur
des donnees scientifiques et applicables a n'importe
quelle situation nouvelle qui pourrait surgir au cours du
developpement politique et economique du continent
africain.
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