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Recent Advances in Techniques for Tsetse-
Fly Control

With Special Reference to Northern Nigeria *

K. J. R. MAcLENNAN, M.B.E., B.Sc., M.R.C.V.S.1

With the advent of modern persistent insecticides, it has become possible to utilize
some of the knowledge that has accumulated on the ecology and bionomics of Glossina
and to devise more effective techniques for the control and eventual extermination of these
species.

The present article, based on experience of the tsetse fly problem in Northern Nigeria,
points out that the disadvantages of control techniques-heavy expenditure of money and
manpower and undue damage to the biosystem-can now largely be overcome by basing the
application of insecticides on knowledge of the habits of the particular species of Glossina
in a particular environment. Two factors are essential to the success of a control project:
the proper selection of sites for spraying (the concept of restricted application) and the
degree ofpersistence of the insecticide used. Reinfestationfrom within or outside the project
area must also be taken into account.

These and other aspects are discussed in relation to experience gainedfrom a successful
extermination project carried out in the Sudan vegetation zone and from present control
activities in the Northern Guinea vegetation zone.

In the course of this paper I shall describe in some
detail the underlying facts, principles and ideas
that have latterly governed our approach to the
tsetse fly problem. It would not be correct to describe
all the work done here as recent, since some of it
dates back to 1922; nor are these operations peculiar
to Northern Nigeria, since similar developments are
taking place in other areas. An understanding of
current methods, in use or being developed, cannot
be attained without consideration of the problem in
its wider aspects. Certain of the principles described
have envolved as a result of experience and of the
benefit of hindsight in Nigeria and elsewhere, parti-
cularly those that must be very carefully weighed up
before a large-scale project is commenced. Such
considerations are of paramount importance, since
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failure to appreciate them may prevent the successful
attainment of the purely technical objective of
Glossina control or extermination or stultify the
achievement. For this reason some reference will be
made to the points in question.

Discussion of technique will be confined to a con-
sideration of the use of persistent insecticide deposits
and of the various implications of this approach.
Lumsden (1964) has called attention to the fact

that the enormous amount of detailed work done
on the ecology and bionomics of Glossina has not
been capable of general utilization in the field for
extermination purposes. However, the advent of
modem persistent insecticides, particularly the
chlorinated hydrocarbons, has made possible the
more effective exploitation of some of this store of
knowledge. Recent experience has also drawn atten-
tion to the considerable gaps in knowledge that
require to be filled before more efficient techniques
can be devised. Obsession with the mathematics of
Glossina populations and their structure may, in the
past, have diverted attention from the study of the

.097 -615-



K. J. R. MACLENNAN

resting-places of individual flies; such knowledge is
still being acquired and is essential for the effective
use of persistent contact insecticides, a point foreseen
several years ago by Dr C. N. H. Jackson (Ford,
1960).
The limiting factor in achieving the objectives of

Glossina control and extermination has usually been
one of practicability. Techniques have been available
for many years but have not been employed or have
been abandoned because they are too costly, labo-
rious or unduly destructive of fauna and flora. In
certain circumstances, it has been possible to re-
move such limitations by exploiting insecticides or
detailed knowledge of the habits of Glossina.
Insecticides can be applied in an indiscriminate,
extravagant or wasteful manner, but if their use is
based on intimate knowledge of the habits of the
particular species of Glossina in a particular vegeta-
tive and climatic environment it is sometimes possi-
ble to exterminate the flies in extensive areas at an
acceptable cost and with comparatively little damage
to the biosystem. But before this can be done the
basic knowledge must be acquired to enable one to
apply the persistent insecticide to resting-sites in a
limited manner. To achieve extermination it should
only be necessary to treat a proportion of sites,
provided they are selected in such a way that, during
the flies' adult life, sufficient numbers will come into
contact with a lethal deposit before its lethality
declines, thus rendering the population no longer
self-sustaining. Under conditions of climatic stress
the number of resting-sites may become very restrict-
ed. The movement of the flies from one resting-site
to another increases the chances of fatal contact
with the deposit.

Within limits, the greater the refinement of insecti-
cidal technique the lower is the cost (and the greater
the scientific satisfaction), but the point is now being
reached where the cost and availability of the man-
power required to select the sites and apply the in-
secticide is the main limiting factor. A less restricted
application to certain features of the environment by
mechanical means (e.g., aircraft or tractors) may
soon achieve control at a comparable or lower cost,
and yet be quicker, less laborious and capable of
more widespread use. Such a point has not yet been
reached in Northern Nigeria, but the possibility of
introducing these measures must always be kept
in view, particularly since the availability of trained
and experienced personnel is now the principal
barrier to rapid large-scale extermination in certain
areas.

GENERAL POINTS REQUIRING CONSIDERATION
DURING THE FORMULATION OF A TSETSE

RECLAMATION PROJECT

The technical objective

It is necessary to have a clear idea of the desired
aim-to decide whether it is to be permanent
extermination or more temporary control. Both may
be either total, involving all species of Glossina
present, or only partial. For example, riverine tsetse
flies only may be dealt with in areas affected by
Gambian sleeping-sickness, or G. morsitans only in
certain grazing areas.

Control projects are a recurrent financial drain so
long as their objective remains unattained and per-
manent extermination is not achieved. The aim may
be to break the cycle of transmission of human
sleeping-sickness, to reduce the amount of human
and animal trypanosomiasis to an acceptable level
or to diminish annoyance to the public at game park
camps. Control projects may be required to limit
the territorial extension of infested areas or to limit
the carriage or direct dispersal of significant numbers
of Glossina into localities where they may transmit
infections but wh'ere they cannot permanently
establish themselves. Control projects may be sited
to protect extermination areas from reinvasion. They
are a recurring commitment, and a high annual cost
may be justified by the nature of the particular
objective, but it must be carefully borne in mind that
even a comparatively moderate annual cost will, over
the course of years, amount to a liability that may
outstrip the economic benefits consequent on control.

Extermination projects envisage the complete and
permanent extermination of the selected species from
extensive areas. This is the only radical and perma-
nent solution to the problem of Glossina-borne
trypanosomiasis in both livestock and man in those
areas where mammalian reservoirs are of significance
in the perpetuation of the disease. It has been record-
ed by Nash (1944) and Kirkby (1963) that even small
populations of Glossina may be very dangerous to
man and animals. Where small localized tsetse fly
infestations become dependent on largely static and
self-contained groups of men or animals ideal condi-
tions exist for the spread of trypanosomiasis on the
introduction of infection.
A high initial cost of an extermination operation

may be justified by achievement of the goal of
permanent extermination. As experience is gained a
control project may evolve into an extermination
project.
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Technical feasibility
Factors that render the extermination objective

unattainable are lack of a completely effective tech-
nique or perimeter reinvasion of the project area.

Economic feasibility
Factors that bear on the economic justification for

extermination projects are of prime importance.
The recurrent cost of dealing with perimeter rein-
vasion may sometimes outweigh the economic bene-
fits ensuing in the extermination area. The develop-
ment potential of the area reclaimed may be low
and this may be the reason why it has not hitherto
attracted human settlement. The cost of develop-
ment and the economic potential of the land in the
extermination area must be critically considered at
the outset.
The abuse of land resources, or the failure to

exploit them, may impede economic development.
To prevent the abuse of land resources hitherto
unutilized because of Glossina infestation, it is
necessary not only to have plans ready for effective
development and legal control over certain areas,
but also to secure sound local government support
to implement the requisite legislation and develop-
ment schemes.

SPECIAL CONSIDERATIONS RELATING TO THE USE OF
PERSISTENT INSECTICIDE DEPOSITS

Reinfestation problems
Since neither the climate nor the vegetation is

altered by the control technique, the locality is
capable of reinfestation after the lethality of the
insecticide deposit has declined. Sources of reinfesta-
tion may be within or outside the project area.
Internal sources may be the result of oversight and
can only be avoided by extreme care and thorough-
ness. External sources may be avoided by careful
selection of the project perimeter; ideally the whole
of the infested area should be included in the project
area. Where this is not possible reinvasion can be
limited by special physical clearings and repeated
application of insecticide outside the threatened part
of the project perimeter. However, insecticidal
control projects with extensive vulnerable perimeters
have ultimately proved impracticable, and the re-
current annual cost of dealing with reinvasion may
become unacceptable as a permanent commitment.

It is most important, therefore, that low densities
of Glossina within the project area should be detected
and eliminated promptly. The project area must be

kept under careful surveillance for several years
after completion of the operation; where there is a
vulnerable perimeter surveillance must be constant.
Glossina in low density may be very hard to find, and
there is a pressing need for the development of
improved methods of detection. G. tachinoides, for
example, may only be detected after resorting to a
standing or locality catch of two days' duration.
This operation, particularly when it turns out that
no flies are present over large areas, may be demoraliz-
ing for staff and expensive both in the numbers of
personnel required and in the time consumed. These
problems are common to all methods of control
that leave the tsetse habitat in a state in which it is
still capable of supporting Glossina.

Restricted application of insecticides

Extermination projects usually cover large areas
of mixed economy. Although the infested area may
be extensive, the parts of it that are of importance to
the Glossina population may be relatively limited.
For these reasons, the manner of using insecticides
for Glossina control differs from the way in which
they are employed for the control of crop pests.
With the latter method, permanent extermination is
often not achieved or even attempted, and high
rates of application per unit of area are justified to
protect the crop at a particular growth phase. Long
persistence is not an important quality, while phyto-
toxicity is of overriding significance. In Glossina
control such widespread applications would be
wasteful and, since application can be confined to
certain associations of the woody parts of the vegeta-
tive habitat, phytotoxicity is not important. The
extent of the operations is such that, usually, only
a single application of insecticide can be made dur-
ing the working season, and persistence of the lethal-
ity of the deposit therefore becomes extremely
important. A project may take several dry seasons to
complete in annual phases. If there is a severe threat
of interim perimeter reinvasion the quality of per-
sistence may determine whether the project is technic-
ally feasible.

Field studies in Northern Nigeria have confirmed
that, for much of the day, leaves are very seldom
used as resting-sites either by G. morsitans submorsi-
tans or by G. tachinoides and that certain well-
defined vegetative associations contain the bulk of
the tsetse population. Insecticide is therefore never
intentionally applied to leaves for the control of these
species and application is restricted to certain vege-
tative associations. Furthermore, because of the
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marked seasonal changes that take place in Northern
Nigeria, resting-sites become more limited; in fact,
as the season grows harsher for Glossina, in certain
northern localities the resting-sites become survival
sites. Thus at the commencement of the reclamation
season, which is the cool, dry season, the application
of insecticide may be restricted-provided the pre-
paration is sufficiently persistent-to those locali-
ties that will become the principal resting-sites of the
flies some weeks later, during the hot season, at the
hottest time of day.
The concept of restricted application has two

distinct phases (Davies, 1962, 1964): " discrimina-
tion ", which implies restriction of attention to
certain woody vegetative communities preferred by
the particular species of Glossina (e.g., riparian
woodland, the lower slopes of hills or patches of
forest); and " selection ", which implies restriction
to certain parts of these vegetative associations
(e.g., to trunks only, to bark only, to branches only
or to heights of up to 2 feet (60 cm) only). The nature
of the discrimination and selection varies greatly,
of course, with the species of Glossina involved and
the vegetation zone. Specific examples are quoted
later.

Application to bark has the advantages that the
deposit is retained more effectively than on leaves and
t-hat the bark itself persists much longer on the plant
and is less subject to seasonal replacement. Bark is
less susceptible to phytotoxicity, whereas a poisoned
leaf will fall. Bark sites are more permanent; they
are not so rapidly replaced by new growths. The site
of application is usually shaded and the deposit not
so subject to chemical degradation through the
influence of sunlight or to physical attrition by rain.
But the concept of restricted application is depend-

ent on an intimate knowledge of the ecology of the
particular Glossina species in a particular locality.
This information may take many years to acquire
and varies greatly from species to species and even
for the same species in different localities inside the
same vegetational zone (e.g., consider the habits of
G. tachinoides in different localities described by
Baldry (1966a, 1966b) or the behaviour of G. morsi-
tans in the Sudan and Guinea zones). In fact, work
proceeds on empirical lines derived from ad hoc
field studies (Davies, 1964) confirmed and refined
by detailed investigations (M. G. Cook, unpublished
data, 1966).
When considering the degree of discrimination and

selection required it is not necessary to ensure that
all potential resting-sites are treated. During the

discrimination phase all the chosen vegetative asso-
ciations important to Glossina in the project area
must, in fact, be sprayed, but the selective application
within these localities need only be sufficient to
ensure that enough adult flies contact a lethal deposit
during their life-span, so that the population will no
longer be self-supporting. It is more important to
ensure that the treated sites are adequately dispersed
than that all resting-sites are treated, provided that
the insecticide is sufficiently persistent.

Persistence of insecticide deposits
Sufficient has been said above to emphasize the

importance of persistence. Studies of the persistence
of deposits have been carried out in the field by
Cook (unpublished) using locally available Glossina.
The test sites were treated in the manner normally
used in the reclamation technique for that particular
area and exposed to the same natural climatic
influences. Test flies (male Glossina morsitans fed
the previous day) are exposed to bark in situ for
one minute with their feet in contact with the deposit.
The site is marked by a nail, used as a support for
the fingers during the exposure of the tsetse fly, which
is held by the thorax in a pair of regulated forceps.
Five sites are used for each insecticide preparation
under test and two flies are applied at each site.
Control flies are similarly exposed to untreated bark.
After exposure the flies are examined at 24 and
48 hours and mortalities are corrected in the usual
manner after reference to the controls. Concurrent
chemical estimations are carried out where possible.
Such tests have revealed a market contrast in per-
sistance according to the vegetation zone, the
climate, and the formulation of the insecticide.

In the dry season in the Sudan vegetation zone
(very dry), 2.50% DDT in the form of a wettable
powder suspended in water and applied as a spray to
shaded bark sites on trunks has continued to kill
100% of test flies up to 14 weeks after application.
After 20 weeks mortalities have fallen to 80 %. There
has been some indication that activity remains
through the rains and is appreciable 12 months later.
Reliable chemical estimations were not possible; the
initial application ceased short of run-off and was
probably of the order of 100 mg per square metre.

In the dry season in the Northern Guinea vegeta-
tion zone (moister) Cook (unpublished) has demon-
strated that a deposit of 3.75% DDT wettable
powder suspended in water and applied to shaded
bark sites (application ceasing short of run-off)
caused 100% test mortalities in G. morsitans during
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the first four weeks. This declined to 80% at
8 weeks, after which the mortality tended to remain
about 30 %-40% through the ensuing rains. After
30 weeks, when the dry season set in, mortality rose
to 45% and remained at that level or above until
after the onset of the second rainy season at 60 weeks,
after which only very slight activity could be detected.

Baldry (1963), using G. palpalis and DDT emul-
sions in water applied to leaves at strengths of 1.25 %,
2.5% and 5% DDT in the dry season, demonstrated
mortalities of 80 %-100% for 8 weeks, with a decline
to zero for the 1.25% concentration at 27 weeks and
for the 2.5% deposit at 35 weeks, when tests ceased.
Prior to this, all the deposits showed a decline in
activity, more pronounced with the lower con-
centrations, as the dry season advanced, and a sharp
increase with the onset of rain. The mortality
produced by the 5% deposit did not fall below 40 %,
reaching this low point after 40 weeks, at the end of
the rainy season. It rose to 50 %-80 % during the
next 15 weeks, at the end of which the test ceased
(55 weeks after application of the deposit). The
lower concentrations may also have shown a recovery
of activity, but this was not expected to occur and
tests were therefore not carried out.

Deposits applied in the wet season behave differ-
ently. Cook (unpublished) has shown that with a
3.75% suspension of DDT wettable powder applied
to bark during the heavy rains, using G. morsitans
as the test species, very little, if any, activity could be
demonstrated after 3-10 weeks. Chemical assays at
day 1 and day 96 revealed a loss of 67% of the initial
deposit of about 110 mg/ft2 (1.183 g/m2). It was
concluded that heavy rain had removed most of the
surface deposit, causing the loss of biological
activity, while the chemical was to some extent still
retained in the substance of the bark. Baldry (1963)
also applied DDT during the rains, but much earlier
in the rainy season. Using G. palpalis and deposits of
2.5% and 5% DDT derived from emulsion con-
centrate applied to leaves he demonstrated a decline
in activity over 23 wet weeks, a recovery during the
early dry season and a decline to zero at the end of
it, at 42 weeks. Rain then reactivated the deposits
initially but activity soon returned to zero-60 weeks
after the application. Cook has demonstrated a
similar pattern for 3.75% DDT wettable powder
applied to bark in the early rains, except that
activity was retained at a higher level in the dry
season.
From these studies we believe that deposits applied

to bark in the dry state remain active much longer

than those applied to bark in the moist state.
Wettable powder applied just before heavy rain
retains very little biological activity. That applica-
tions to bark in the dry state remain usefully active
until the establishment of the second rainy season
over 12 months later has been very clearly demon-
strated by the pattern of reinvasion by G. morsitans
of the vulnerable Shika project.
A very great deal of work remains to be done on

insecticide formulations and their persistence. For
example, it has been shown that the kind of deposit
obtained by mixing an incompatible 3.75% DDT
wettable powder suspension with a 2% dieldrin emul-
sion retains its activity to the extent of killing 80%-
100% of test ffies for over 3 years. This clearly de-
monstrates that formulations could be compounded
with persistence of a high order lasting at least 3 years.
Such compounds, very restrictively applied, could
bring about the extermination of Glossina from enor-
mous areas. It should be emphasized that I am not
necessarily advocating the mixture of insecticides or
formulations ofthem as described above. The example
has been cited merely to direct attention to the possi-
bility of devising suitable formulations. Since there is
no synergism between DDT and dieldrin the activity
of the deposit is due to the physical state and dose
rate. Owing to variations in the chemicals used in
formulations it has not always been possible to repeat
results.
A certain amount of work has been done to

compare dieldrin with DDT. Cook (unpublished)
indicates that, with applications to bark, chemical
assays show that dieldrin may be less persistent than
DDT and that, in moist conditions, wettable powders
are less persistent than emulsions. But field trials
carried out by R. I. Kernaghan, A. R. Mahood and
H. Davies have indicated that in humid areas
dieldrin emulsions are much more effective than
DDT emulsions in achieving control or extermina-
tion of G. palpalis. This is due to the inherently
greater toxicity of dieldrin for Glossina. According
to Burnett (1962) dieldrin is about 9 times more toxic
than DDT in topical application to the thorax. Much
of this work needs to be repeated-indeed a great deal
of attention should be devoted to investigating the
persistence of insecticide formulations in the field.
The conditions of the tests described are probably

more rigorous than those likely to be encountered
by flies in a project area. In the latter circumstances
the flies may spend much longer than one minute in
contact with the deposit when at rest and if not
irritated. Moreover, in the course of their daily
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ambits they are likely to be exposed more than once
during their normal life-span.

Practical experience with projects in the Guinea
vegetation zone also indicates that the level of
persistence of deposits applied in the dry season,
though not sufficient to deter all individuals from
penetrating into the project area from outside, is
sufficient to prevent them from establishing self-
supporting colonies until the advent of the second
rainy season. Should these indications be more
thoroughly confirmed they would indeed open up
prospects for extermination over very large areas,
since, provided the project advanced in sufficient
depth each year, the reinvasion problem would be
conquered.
So far we have exploited those features of the

resting habits of the flies that are known to us. But

FIG. I
RESTING HABITS OF GLOSSINA MORSITANS

MALES AND FEMALES: a
PROPORTION SEEN ON BRANCHES OR TRUNKS

AT VARIOUS TEMPERATURES

03
X

03
0..q
CD
u
XX-

G. morsitans

VP

03M

03

0-

71-75 76-80 81-85 86-90 91-95 96-100 OF
22-24 25-27 28-30 31-32 33-35 36-38 OC (appr.)

Temperature WHO 71345

much remains unknown. In a G. morsitans popula-
tion, though the sexes emerge in equal numbers,
females are believed to live twice as long as males. In
the population as a whole there are probably twice
as many females as males. Assuming that the active
segment of the population is the one apparent on a
fly-round patroL and bearing in mind the usual
preponderance of males encountered in a favourable
environment, the preponderance of females in the
resting population of G. morsitans must be consider-
ably in excess of two-thirds. No studies of which I am
aware have revealed such a high proportion of fe-
males. Either dormant females use similar sites but
are less easily detected, or they use a different type of
site. Possibly the presence of the more active and
obvious males in the resting-sites diverts attention
from the less obvious females. But it has been

FIG. 2
RESTING HABITS OF GLOSSINA TACHINOIDES

MALES AND FEMALES: a
PROPORTION SEEN ON BRANCHES OR TRUNKS

AT VARIOUS TEMPERATURES
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a Based on unpublished data (1966) of M. G. Cook.

G. tachinoides
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FIG. 3
PERCENTAGE OF GLOSSINA
MORSITANS FEMALES
ON TREE-TRUNKS RESTING
BELOW SPECIFIED HEIGHTS!
IN RELATION
TO TEMPERATURE,
INDICATING PROPORTION
KILLED AT 90°F
BY INSECTICIDES APPLIED
TO VARIOUS HEIGHTS a

a Based on unpublished
data (1966) of M. G. Cook.
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repeatedly observed that during an insecticidal
operation it is the male sector of the population that
succumbs first, the percentage of females in the
declining post-spray catches rising sharply.

EXTERMINATION OF G. MORSITANS SUBMORSITANS AND
G. TACHINOIDES IN THE SUDAN VEGETATION ZONE

Preparatory work
Detailed preparation is essential. Economic

evaluation, mapping and the logistics of applying the

insecticide must all receive careful attention in the
preparatory phase.

Ecological studies. In the Sudan vegetation zone
the dry season distribution of G. morsitans and
G. tachinoides is confined to river flood plains, which
may be 5 miles (8 km) or more wide. In the hot
season the main tsetse fly concentrations are located
in areas of heavier woody vegetation. This pheno-
menon was observed many years ago, and its occur-
rence in this locality has been described by several
workers. Nash (1937) investigated the matter exten-
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FIG. 4
PERCENTAGE OF GLOSSINA
TACHINOIDES FEMALES
ON TREE-TRUNKS RESTING
BELOW SPECIFIED HEIGHTS
IN RELATION TO TEMPERATURE,
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AT 90OF BY INSECTICIDES APPLIED
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a Based on unpublished data (1966)
of M. G. Cook.

sively. The concentration sites in the hot season are

forest patches, riparian forest and thicket in, or

associated with, watercourses. The heavier woodland
strip that marks the ecotone between the upland and
the flood plain may harbour G. morsitans in more

southerly areas, but their numbers become progres-

sively fewer as one moves northwards. Similarly,
G. tachinoides is less dependent on the actual presence

of water in the southerly areas of the Sudan zone,

but becomes increasingly dependent on it towards the
north. The area covered by the vegetative associa-

tions favoured by each species of Glossina is a small
percentage of the infested area and forms the basis
of operations in the discrimination phase.

Unpublished studies of the actual resting places
inside these favoured habitats have been made by
Cook, who has demonstrated a preference for tree
trunks as opposed to branches, and lower as opposed
to higher sites, as temperature rises (Fig. 14). At
temperatures over 90°F (32°C), 80% or more of
G. morsitans and G. tachinoides observed at rest in a
large cage in a favoured habitat were resting on
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trunks. At temperatures of 80°F (27°C) and below,
more than 70% of the flies were observed on branch-
es. At temperatures of 90°F (32°C) and above,
52% of G. tachinoides females seen at rest were
below a height of 2 feet (60 cm), the proportion at
rest below this height increasing sharply with further
rises in temperature. Similarly, for G. morsitans,
45% of females were observed at rest below 6 feet
(1.8 m) at 90°F (32°C), the proportion increasing
sharply with rises in temperature. These facts form
the basis of selective application.

The application of insecticide

The evolution of the technique has been described
by Davies (1964). A 2.5% suspension of DDT
wettable powder in water was applied discriminative-
ly by individual sprayers using pressure-retaining
knapsack sprays to woody riverine fringing vegeta-
tion, forest patches, some of the larger thickets, and
areas of denser vegetation at the margin of the flood
plain and the upland. The application was made
selectively: to woody vegetation to a height of 2 feet
(60 cm), or of 5 feet (1.5 m) in locations of heavy
G. morsitans infestation; to larger tree trunks (more
than 9 inches (23 cm) in diameter) in heavy shade;
and to shaded stems of trees, shrubs, climbers and
exposed root systems in denser vegetation near water.
What is actually sprayed depends to some extent on
local circumstances. For instance, the choice of size
of tree trunk sprayed may have to be altered to
ensure that insecticide is sufficiently widely placed,
and in certain localities G. tachinoides may be depend-
ent on the near presence of open water.
The persistence of the insecticide was such that

application could be restricted to the hot-season
survival-sites.

Experience showed that all sites could be convient-
ly reached from motor tracks located on both sides
of the main river, on one side of subsidiary water-
courses, and along each flood plain margin. The
heavier woody vegetation was so dense that thickets
had to be opened up by machete gangs so that
sprayers could gain access to the tree trunks. The
condition of the ground was unsuited to vehicles
until about November and by May tsetse flies have
tended to disperse, so spray activity was usually
confined to the months of November to April in-
clusive.
The infestation could be dealt with in a series of

annual phases. Wet-season reinvasion of the sprayed
area was limited by finishing the seasonal work at
a site forming a suitable natural break or by reducing

the degree of restriction in the application of insecti-
cide and increasing the dosage rate. Reinvasion may
not occur at all, but when it did in this project it was
not more than 2 miles (3.2 km) in depth. The
vulnerable limit of the project was protected by a
cleared barrier, but since the area of infestation took
the form of a linear strip the making of this barrier
was not a large commitment in relation to the pro-
ject as a whole.
The above control technique has been success-

fully applied to areas covering 2000 square miles
(5180 kmi2). The attainment of extermination has
been indicated by MacLennan (1965).

A CONTROL TECHNIQUE FOR GLOSSINA MORSITANS

SUBMORSITANS IN THE NORTHERN GUINEA

VEGETATION ZONE

Ecological studies
The Northern Guinea vegetation zone is very

different from the drier Sudan zone. It has certain
similarities with the Isoberlinia-Brachystegia wood-
lands of East and Central Africa.

The habitat. It is necessary to describe some fea-
tures of the savanna woodland if the description of
the control technique is to be understood. In a fairly
well-populated country like Northern Nigeria the
general woodland is broken up by extensive areas of
shifting cultivation and permanent farmland, though
large areas of woodland of varying maturity do still
exist. A feature of this woodland is discrete patches
in which Isoberlinia species are strongly dominant,
interspersed with areas in which this species is
either absent or present only in small numbers.
These woodland types stand out clearly from the
air and on aerial photographs. Topographically
the country consists of undulating clay plains with
occasional outcrops of granite. Flat-topped hillocks
capped by ironstone are a common feature. The
woodland is traversed by numerous surface drainage
lines evolving from watercourses and streams with
a seasonal flow to rivers that have an all-the-year,
if seasonally much reduced, flow of water. There is a
tendency for all sections of the surface discharge
system, except the upland drainage lines, to evolve
into a tortuous and steep-sided watercourse set in a
flat alluvial zone subject to flooding. The actual
watercourse is often fringed by a ribbon of forest.
When considering the woody cover it is necessary
to distinguish the existence of interzones between
the various vegetative associations. These are linear
and often narrow and, for the sake of convenience,

9
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FIG. 5

SCHEMATIC REPRESENTATION OF NORTHERN GUINEA SAVANNA WOODLAND,
INDICATING LOCATION OF INSECTICIDE SPRAYING a

a Not to scale.

have been referred to as " ecotones ", though some
will dispute the correct usage of this term. Ecotones
occur around the margins of patches of Isoberlinia
woodland, at the foot of the slopes of flat-topped
hills and granite outcrops or where the rock is very
near the surface, and, most importantly, where the
savanna woodland is intersected by the surface
drainage system (Fig. 5).
The climate exhibits marked seasonal changes,

which, however, are less severe than those of the
Sudan zone. The hot season may vary considerably
from year to year in its degree of unfavourability for
Glossina; it is also of shorter duration.

The distribution of G. morsitans. The importance
of the patches of Isoberlinia woodland for G. morsi-
tans has been recognized for a long time. Transect
fly-rounds and other field studies do show that
Isoberlinia woodland is a more favoured environment
than the general woodland not containing these tree

species. In the advancing hot season, however, the
flies do become more associated with the various
types of ecotone; indeed, at any time of the year
ecotones appear to be a much frequented habitat of
the active part of the tsetse population. A sound
statistical presentation of these facts is not easy and
many factors exert an influence on the nature of the
fly catch made by patrols, not least of which is the
considerable fluctuation that occurs in the over-all
populations of G. morsitans in this locality. M. G.
Cook (unpublished) has recently reviewed theresult
of several years of work carried out by A. M. Ro-
bertson, A. R. Mahood and himself. He has analysed
the results of fly rounds in relation to distance
traversed in each vegetational type as a percentage
of the full length of the patrol. He has then calculated
the percentage of flies caught in each vegetational
section from the monthly total catch, thus eliminating
the effect of over-all fluctuation in apparent density.
The granhs in Fig. 6 demonstrate the change in
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FIG. 6
DISTRIBUTION OF GLOSSINA MORSITANS AND MONTHLY TEMPERATURE AND RAINFALL IN NORTHERN

GUINEA SAVANNA a
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pattern of distribution with time of year, but they do
not clearly demonstrate the concentration in ecotones.
This is more apparent on survey traverses than on
regularly followed paths. A point not illustrated by
the graphs is that the proportion of females in the
catch ranges from 29% to 43% in open Guinea
woodland, from 0 to 17% in Isoberlinia woodland
and from 8% to 9% in riverain ecotones in the
months of March and May.
Cage studies of resting flies in this locality have

shown that at temperatures ranging between 86'F
and 90°F (30°C-32°C) 70% of flies are observed at
rest on branches, whereas at 96°F-100°F (36°C-38°C)
71 % are at rest on trunks. This movement from
branches to trunks as the temperature rises takes
place at a slightly higher temperature than in the
Sudan zone.

Field studies of resting flies have confirmed that
for most of the year the majority of flies at rest are
seen on the undersides of branches that are more
than about 2 inches (5 cm) in diameter, horizontal,
or inclined at an angle of up to 80° to the horizontal,
and at heights of 6-14 feet (1.8-4.26 m) above ground
level.
The distribution of the vegetative habitats means

that G. morsitans belts are extensive, and though not
homogeneous they do not have the linear appearance
of those in the Sudan zone, where infestations are
based on river flood plains. The flies are not subject
to the same degree of climatic stress. These physical
facts contribute to the comparative difficulty of
devising a technique for extermination. If an attack
is made on one of the Guinea zone G. morsitans
belts, the problems of a long, vulnerable perimeter
and a very invasive tsetse population immediately
arise.

The application of insecticide

A 3.75% suspension of DDT in water derived
from a 75% DDT dry wettable powder has been
used for the main spraying activity.

Discrimination. Attention is devoted chiefly to the
areas described above-namely, the ecotones asso-
ciated with the surface drainage system, situated
around geological features and at the margins of
patches of Isoberlinia woodland. All the drainage
lines are followed by a team of four sprayers on each
side using long lances fed from pressure-retaining
knapsack sprays. The insecticide is applied to the
point of run-off. Each sprayer covers a 20-yard
(18-m) front, resulting in a sprayed swath up to
80 yards (73 m) wide on each side. Frequently, the

belt of heavier woody vegetation is narrower than
this, in which case the sprayers close up to each
other. Important tracks, paths and roads are
similarly treated. Usually this gives an extensive
distribution of insecticide in the favoured parts of
the tsetse habitat, but occasionally a large patch of
Isoberlinia woodland, if not intersected by drainage
lines, may require the spraying of swaths about
80 yards (73 m) wide at intervals of 200 yards
(183 m), in addition to the attention devoted to the
surrounding ecotone. Depending on the nature and
density of the woodland, which vary considerably,
it has been found that 7%-13% of the woodland
is actually sprayed if these rules are followed (Fig. 5).

Selection. The application is restricted to bark on
the undersides of branches that are more than 2 inches
(5. cm) wide, horizontal or inclined at an angle of
up to 800 to the horizontal, and at heights of 5-14 feet
(1.5-4.3 m) from the ground. The rate of application
is of the order of 1.7-1.5 lb of 75% DDT wettable
powder per acre (1.9-1.7 kg/ha) sprayed, or 0.12-0.2
lb per acre (0.13-0.22 kg/ha) of the total infested
area. So far this project covers 420 square miles
(1088 kM2) of infestation.

Reinvasion. Because of the serious reinvasion
problem the application of insecticide cannot be
limited to the stress season survival sites, as in the
Sudan savanna zone. The belts of infestation are too
large to be dealt with wholly in one working season.
Ground conditions, and the behaviour of the
insecticide as described in the first section of this
paper, require that the operation proceed in annual
dry-season phases. The insecticide deposit must
therefore remain active for at least 12 months and be
applied to places frequented by flies during the
whole year.
The pressure on the project perimeter is reduced

by spot spraying of the main tsetse foci within
5 miles (8 km). Special measures are required to
restrict cattle movements, and additional spraying
of major paths crossing the project perimeter from
the infested area is carried out. Previously, special
applications of 2% dieldrin derived from 20%
dieldrin emulsion concentrate were made to a depth
of 160 yards (146 m) around the threatened perimeter,
but after practical experience of the reinvasion
phenomenon and the obtaining of more information
on the persistence of insecticides this procedure has
been dropped.

Extermination? The methods described above
have been developed over the last five years but the
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problem has been studied since 1954. The control
methods described have been used to protect the
Government-owned Shika Stock Farm, which was
faced with the threat of closure owing to uncontrol-
lable trypanosomiasis resulting from G. morsitans
dispersed from foci about 5 miles (8 km) away. The
incidence of trypanosomiasis on the farm dropped
sharply after the first season of control operations
and fell to insignificant proportions after the second
annual extension, which eliminated foci within
10 miles (16 km) of the farm. Since then no new
cases have appeared.
Experience over the five years during which the

project has been in operation leads us to believe that
although flies undoubtedly disperse into the sprayed
area they do not develop self-sustaining colonies
until 12 months after the application of the insecti-
cide. After 12 months-that is, after the deposit has
experienced its second rainy season-wholesale re-
invasion has taken place. Our experience has given
us a degree of confidence in the methods used to
detect developing foci. Negative fly-survey results
have been confirmed by the placement of herds of
test cattle.

If a sufficiently persistent insecticide formulation

can be devised and accurately placed, it is felt that
G. morsitans can be exterminated from substantial
fly belts in the Northern Guinea savanna zone.

POSTSCRIPT

The study of the persistence of insecticides over
prolonged periods has continued, using fresh applica-
tions, since this paper was prepared. The pattern
of a partial recovery in the activity of the deposit
with seasonal changes has not again been apparent
in the later studies. The most likely explanation for
this is that the concentrates from which the later
spray suspensions were made were not the same,
chemically speaking, as the original ones. They were
supplied by different manufacturers and they reacted
differently when mixed. Evidently the chemical
structure of the formulation is of considerable
significance in determining the degree of long-term
persistence.
However, field studies have continued to confirm

that in the Northern Guinea vegetation zone a
useful degree of persistence exists with applications
made in dry conditions until the advent of the second
rainy season after the application.
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RI2SUM1t

Tirant parti de l'experience acquise au cours des
operations de lutte contre les glossines au Nigeria du
Nord, l'auteur expose certains principes qui sont a la
base de toute tentative de destruction ou d'eradication
du vecteur.
Depuis que l'on dispose d'insecticides modemes a effet

remanent, et specialement des hydrocarbures chlores,
on peut envisager d'exploiter avec succes la somme
6norme de nos connaissances concemant l'6cologie et la
bionomie de Glossina. Certains obstacles d'ordre pra-
tique - cout des operations, difficultes techniques, dom-
mages causes a la faune et ai la flore - peuvent etre sur-
montes dans certaines circonstances. Grace a l'etude des
maeurs de chaque esp&e, des caract6ristiques du climat

et de la vegetation, on parvient a eliminer les glossines
de regions etendues, pour un prix acceptable et sans leser
exagerement l'environnement biologique.

L'objectif poursuivi (eradication permanente ou des-
truction temporaire, choix de l'espece ou des especes a
combattre) doit etre defini d'embl&e. L'eradication sup-
pose une technique parfaitement efficace, une delimita-
tion nette du territoire a traiter et l'adoption, a sa peri-
pherie, de mesures destinees a contrecarrer une 6ventuelle
reinvasion des secteurs assainis. Le cout d'une campagne
devrait etre calcule avant le declenchement des opera-
tions. Neanmoins, une attaque de peu d'envergure ou
dont l'objectif initial est mal precise peut conduire
finalement a l'elimination des glossines de vastes terri-
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to ires si les techniques employ6es se revelent efficaces et
praticables a grande echelle.

Lors de l'emploi des insecticides a effet remanent,
-deux points doivent retenir particulierement l'attention.
Une application sans discrimination est pur gaspillage.
11 est possible, en etudiant les caracteristiques ecologi-
ques du vecteur, de limiter les applications a certains
types de v6g6tation et de negliger le risque de phytotoxi-
cit6. La connaissance des lieux de repos des differentes
esp&ces de glossines permet d'autre part d'utiliser les
insecticides de maniere selective et de ne traiter que
certaines parties des v6g6taux, 1'ecorce en particulier. Le
second facteur a considerer est la duree d'action de l'in-
secticide et sa persistance. Toutes deux varient considera-
blement en fonction du type de la vegetation, du climat
et des caract6ristiques physiques de la preparation
utilis&e. Des resultats durables sont obtenus par l'appli-

cation de DDT sous forme de poudre mouillable a 2,5 %
sur 1'ecorce, durant la saison seche. Certains m6langes,
DDT-dieldrine par exemple, font preuve d'une activite
notable pendant plus de 3 ans.

L'auteur decrit en detail (etudes preparatoires, en-
quete ecologique, techniques d'application, mesures
contre la reinfestation) les divers aspects de la lutte men6e
contre Glossina morsitans et Glossina tachinoides dans une
zone de savane soudanienne, couvrant 5180 kM2, oui
l'eradication des vecteurs a pu etre obtenue. Des opera-
tions visant a 1'e1imination de Glossina morsitans sub-
morsitans sont actuellement en cours dans la savane
nord-guineenne ofi les conditions ecologiques sont tres
differentes. Les premiers resultats sont prometteurs et les
perspectives d'eradication et d'assainissement d'un vaste
territoire sont favorables.
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