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Variations in the Ecology of Glossina spp.
With Special Reference to Nigerian Populations of Glossina tachinoides

D. A. T. BALDRY I

During the last decade, an increasing number of instances have been noted of tsetse
flies occupying unusual, and often man-made, habitats. Recently, some aberrant popula-
tions have become important, either because they have drawn attention to new aspects
of trypanosomiasis transmission or because they have necessitated modifications of
established tsetse control methods.

From observations made on atypical tsetse populations in Nigeria, the author has
classified the various types of intra-specific behaviour patterns observed and offers an inter-
pretation. At least 1 species, Glossina tachinoides, is normally extremely versatile eco-
logically but some populations are now so adapted to man-made habitats that they can
probably be explained only on the basis ofsubspeciation. Some populations ofother species
of tsetse, such as G. fuscipes and G. morsitans, seem also to be involved in atypical
behaviour patterns.

The investigations emphasize the need to clarify the role oftsetseflies in the epidemiology
of the trypanosomiases and the suitability of established tsetse control measures in areas
where the pattern of vector behaviour differs from that ofmore conventional foci of disease
transmission. Much of the African continent is rapidly changing to meet the needs of large
human populations and it is therefore envisaged that many more tsetse populations will
become adapted to habitats dominated by man, as the only alternative to extinction, so that
the problem of trypanosomiasis may remain as great, or become greater, in the future.

During the last decade, descriptions have been
published of tsetse habitats that do not conform to
those generally considered normal for the species
concerned and which have been referred to as
" atypical ", " abnormal ", " peridomestic " and
" man-adapted ". In many instances these terms
have been applied to Nigerian populations of
Glossina tachinoides, but some other species, such
as G. fuscipes and G. morsitans are now involved
(Willett, 1965, and Baldry, 1969, respectively). The
present author (Baldry, 1964) has compared so-called
atypical behaviour with supposedly normal behav-
iour, but up to now no investigator appears to have
attempted to interpret or define atypical ecology
or atypical habitats. Observed instances of ecological
variation have invariably been reported in the
literature so briefly that it is left largely to the reader
to draw his own conclusions as to their meaning and
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implications. In addition, in many such cases it is
the physical form of the habitat and not a behaviour
pattern which is described and it is thus impossible
to determine whether or not the flies inhabiting that
particular habitat were behaving in a normal way
or whether they were atypical. This state of ambi-
guity was probably not important a few years ago
when only a small number of cases of atypical
behaviour were known. However, at the present
time, and at least in Nigeria, many examples of
atypical populations are known and some exert
important influences on current concepts of trypano-
somiasis transmission and control.
The present writer has spent the last few years

studying atypical tsetse populations, particularly of
G. tachinoides, in Nigeria and considers that he
now has sufficient data to offer an explanation for
the various types of ecology and habitat which may
collectively be considered as atypical. In this con-
tribution, it is suggested that some types of atypical
behaviour can be absorbed into a wider concept of
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the normal ecology of the species than is currently
accepted. To present this hypothesis, the first sec-
tions of this paper are concerned with what is con-
sidered to be the normal ecology of G. tachinoides
and with many of the reported cases of aberrant
behaviour which have been observed in Nigerian
populations of this species. Then, by regarding
current concepts of normality as being biased, a
broader concept, which depicts the species as being
very versatile, is discussed and some types of atypical-
ity are accounted for as being little known aspects
of a normally variable species.

In a later section, it is suggested that subspeciation
may be occurring in many populations of G. tachi-
noides that inhabit the derived savanna and oil-palm
bush zones of southern Nigeria. Although these
populations exhibit behaviour patterns very different
from those found in northern Nigeria, they are
not abnormal when considered in relation to each
other or in terms of their incidence in southern
Nigeria. For this reason, such terms as atypical and
abnormal have been avoided when categorizing
the various types of ecology and habitat which have
been observed. However, as this paper is largely
concerned with theoretical considerations and be-
cause many investigators are now familiar with these
terms, the words " atypical" and " atypicality"
will be employed in parts of this paper where for the
sake of clarity their use seems justified.

Final sections of this article are concerned with
the implications and importance of atypical popula-
tions in relation to the transmission of trypanoso-
miasis and to tsetse control, and with a consideration
of atypicality in some other tsetse species.
The present writer has collected a considerable

amount of data on peridomestic populations of
G. tachinoides occurring in southern Nigeria. Many
of the findings await publication, but some of the
more important investigations have been reported
in the Annual Reports of the Nigerian Institute for
Trypanosomiasis Research since 1963.

THE CURRENT CONCEPT OF THE NORMAL ECOLOGY
OF G. TACHINOIDES

Although G. tachinoides has been investigated in
a number of West African countries, by far the
greatest number of investigations have been carried
out in northern Nigeria. For this reason, general
descriptions of the ecology of this species are largely
based upon these studies and the following descrip-

tion of the supposedly normal ecology of G. tachi-
noides is no exception.

G. tachinoides is invariably considered as being
a riverine species because it commonly inhabits the
fringing vegetation of rivers, streams and lake
shores. To digress, the word " riverine ", although
widely used to describe types of tsetse habitats, does
not seem to the present writer to be as accurately
descriptive as the word " riverain " which he uses
here in preference to the former term.

G. tachinoides is intimately associated with riverain
vegetation, but during the wet season, when climatic
conditions are most favourable for the flies, a pro-
portion of the population disperses from the riverain
habitat into densifications of the adjacent woodland.
Although the reproductive rate is considered to be
at its lowest at this time of the year, and although
woodland breeding sites are not numerous, breeding
is regarded as continuing during this dispersal period.
Adverse climatic conditions during the dry season
are generally deleterious to the flies, unless they
occupy strictly riverain habitats which provide
microclimatic conditions acceptable to both the
adult fly and its immature stages (see, for example,
Nash, 1948, and Glover, 1961).

Jordan, Lee-Jones & Weitz (1962) consider that
G. tachinoides is probably an opportunistic feeder,
being prepared to feed on a wide variety of mammals
and reptiles. These authors thought that man was
the most important host of G. tachinoides and that
this species could exist in close association with man
in the virtual absence of the other types of host
animal. Flies were found to feed readily on cattle,
but other forms of livestock such as sheep and goats
and Suidae appeared to be unattractive to the flies.

This type of feeding behaviour enables G. tachi-
noides to inhabit areas with very low or quite high
human populations, but as Nash (1937) has stressed,
climate is probably the most vital factor in the
ecology of this species.

A REVIEW OF THE SO-CALLED ATYPICAL ECOLOGY
OF G. TACHINOIDES IN NIGERIA

The names of places referred to below are shown
on the accompanying map of Nigeria (Fig. 1).
At Ibi near the River Benue, Pollard (1912)

observed that, despite much clearing of vegetation,
G. tachinoides was very annoying in houses in the
town, and was frequently seen entering houses on the
backs of people. He noticed that the flies were not so
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FIG. I
THE LOCATION OF DIFFERENT TYPES OF G. TACHINOIDES HABITAT IN RELATION TO
THE NORTHERN a AND THE SOUTHERN b DISTRIBUTIONAL LIMITS OF THE SPECIES

IN NIGERIA AND TO THE SITUATION OF PLACES REFERRED TO IN THE TEXT
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4. Ibi
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+ = Seminatural habitats.
O = Semi-artificial habitats.
0= Artificial habitats.
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6. Gadau
7. Malumfashi
8. Mokwa

N.

9. Ilorin
10. Ogbomosho
11. Oyo
12. Ikenne

troublesome in the town during the dry season, but
that they were never completely absent from houses
and office buildings.
At Eket, Dr P. F. Foram (see Macfie, 1913a) found

G. tachinoides in villages, where the flies followed
domestic pigs about. Apparently it was easier to
catch the flies in the villages than in riverain habitats.
In the same area, Macfie & Gallagher (1914) found
that G. tachinoides was the commonest tsetse species
in and around villages and frequently observed it
associated with domestic pigs. Similar associations

between the flies and domestic pigs in peridomestic
habitats have been reported in southern Nigeria by
Nash (1948) and Baldry (1964, 1966b).
Near Malumfashi in the mid-1950s, J. B. Davies

(see Glover, 1961) found G. tachinoides inhabiting
a stretch of river which had been cleared of its
fringing vegetation. Pupae were located in the sand
beneath boulders and amongst the roots of clumps
of Chloris grass in the stream bed. At the same time,
R. J. Kernaghan made similar observations to these
in a number of other localities in northern Nigeria,
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while H. Davies working in the Dong area found
flies inhabiting a forest island more than a mile
(1.6 km) from water (see Glover, 1961). Near
Mokwa, A. R. Mahood (see Glover, 1961) reported
finding G. tachinoides in mixed woodland more than
2 miles (3.2 km) from water. Similar events had also
been observed in the valley of the River Niger
several years earlier by Simpson (1912) and Macfie
(1913b).
Kernaghan (1961) reported that in certain types

of river system in northern Nigeria, G. tachinoides
was scarce, except where artificial habitats, such as
mango plantations, provided ideal conditions for
the flies. Kernaghan considered G. tachinoides to be
a serious problem in much of the country along the
southern bank of the Benue Valley, where breeding
populations of flies were able to exist away from
rivers in peridomestic habitats, comprising man-
made structures and clumps of oil palm, cola nut and
banana.
The present writer has described in some detail the

extremely peridomestic ecology and habitats of
G. tachinoides near Nsukka in south-eastern Nigeria
(Baldry, 1964). Flies were intimately associated with
domestic pigs and as a result of this behaviour the
fly's primary habitat coincided with those parts of
the human environment which were most frequented
by swine, e.g., in villages and hamlets where pigs
were confined and in adjacent farmland where
pigs were allowed to roam and forage. Although a
small proportion of the flies in this area frequented
forest islands when pigs were available nearby,
riverain habitats were not utilized. During sub-
sequent investigations, Baldry found that seasonal
dispersal and concentration of the fly population was
not pronounced and that such fly movements as
occurred were not associated with climate, but with
the movement of domestic pigs between villages and
farmland. The area supported a human population
of over 800 people per square mile (about 307 per
kM2) and man was much more available than
domestic pigs. Despite this situation, G. tachinoides
rarely fed on man, but derived most of its blood
meals from pigs which were far less common than
other livestock such as sheep and goats. Trypano-
some infection rates in G. tachinoides were higher
than normal and many flies were infected with
T. brucei group trypanosomes. Baldry (1964) con-
sidered that the close association between the flies
and pigs was responsible for the high incidence
(86%) of porcine trypanosomiasis reported for the
area by Killick-Kendrick & Godfrey (1963).

In later investigations, Baldry (1966a) described
the farmland and peridomestic breeding sites of
G. tachinoides at Nsukka and explained the southern
distribution of the species in terms of its unusual
behaviour over much of southern Nigeria (Baldry,
1966b). It was considered that a southward ex-
tension of the species was being facilitated by its
peridomestic behaviour associated with man's devel-
opment of the coastal forest belt and Baldry (1966c)
thought that his Nigerian findings might equally well
apply to the species in other West African countries
where the species was not widely distributed at
present.

If one considers the examples of non-riverain
ecology reported above, it seems that a distinction
can be made between types of atypicality which
occur in the north of Nigeria and those predominat-
ing in southern Nigeria. To the north of the Benue
Valley they are characterized by opportunistic feed-
ing populations occupying such seminatural habitats
as mango plantations, forest islands and woodland,
while to the south they are represented by popula-
tions which feed extensively on domestic pigs or
cattle and occupy man-made habitats. This sugges-

FIG. 2
A SUGGESTED GEOGRAPHICAL RELATIONSHIP

BETWEEN NIGERIAN POPULATIONS OF G. TACHINOIDES
WHICH ARE OPPORTUNISTIC FEEDERS OCCUPYING
SEMINATURAL HABITATS (A) AND THOSE WHICH ARE

SELECTIVE FEEDERS OCCUPYING MAN-MADE
HABITATS (B) BETWEEN LONGITUDES 70 E. AND 90 E.

100

80

u
z

a!

LL 60

X~ 40
x
20

~p

13° N. 12° 11° 10' 9° 8' 7' 6'
APPROX. LATITUDE

(BETWEEN LONGITUDES 7' E. AND 9' E.)

In
s 40

I'_\ C,U _I

I'

\UI

1\
I

11 \

v .

862



VARIATIONS IN THE ECOLOGY OF GLOSSINA SPP.

tion is presented diagrammatically in Fig. 2 and
considered in detail below.

THE INTERPRETATION OF ATYPICAL POPULATIONS
OF G. TACHINOIDES IN NIGERIA

Reference to the accompanying map (Fig. 1)
shows that the bulk of the Nigerian G. tachinoides
belt is located in the centre of the country between
latitudes 8°N. and 12°N. and that outliers of this
belt extend northwards into arid areas and south-
wards into wet humid areas. It therefore seems
logical to assume that the species will exhibit its
most normal patterns of behaviour in this central
zone and that concepts of normality for the species
could emerge from studies of populations inhabiting
it. However, the great many investigations on the
basic ecology of G. tachinoides which were carried
out during the 1920s and 1930s by such entomolo-
gists as LI. Lloyd, W. B. Johnson and T. A. M. Nash,
were made near Gadau in the valley of the Katagum
River at the northern limit of the fly's distribution.
The findings of these investigators (reviewed by
Glover, 1961, and Baldry & Riordan, 1967) have
become the standard works of reference for entomo-
logists not only in Nigeria, but in many African
countries where good research facilities have not
always been available. The strictly riverain ecology
described by these authors appears to have been
accepted without question as being normal for the
species over much of its West African range, despite
the fact that in describing the Gadau fly belt Nash
(1937) regarded it as " not typical ofnorthern Nigeria,
but rather of the Katagum River".

It is suggested that in the centre of Nigeria, where
climatic conditions are more favourable than further
north, G. tachinoides is normally a versatile species
which although often associated with riverain habi-
tats is more loosely connected with them than it is
further north, at places like Gadau, where adverse
climatic conditions impose upon the fly population
the necessity to adopt a strictly riverain existence.
This new concept of ecological normality is thought
to permit the inclusion of some types of behaviour
and habitat which have hitherto been regarded as
atypical, e.g., forest islands and woodland. Some
man-made habitats are also utilized in this zone of
normality but there does not appear to be any good
evidence that fly populations inhabiting themn are
behaving abnormally, although it is thought that a
distinction should be made between them.

Considering northern Nigerian populations gen-
erally, they all appear to share some common
factors, namely that they are all more or less con-
trolled by natural features of the climate, landscape
and fauna. The following type of ecological classifi-
cation for predominantly northern populations of
G. tachinoides is therefore proposed.

Naturally influenced ecology

This is ecology which is related to microclimatic
conditions provided by natural or semi-natural fea-
tures of the landscape. Man and his livestock may
be utilized as hosts by the fly population, but feeding
habits are unspecialized and largely opportunist.
The habitat can be of 2 types.

Natural. These are habitats which have not been
influenced by man. They include riverain vegeta-
tion, boulder-strewn rivers naturally devoid of vege-
tation, forest islands and woodland. The Gadau fly
belt is regarded as a restricted habitat of this type.
As man has little influence on these types of

habitat, apart from making himself available as a
host when he visits them, the flies resident there feed
extensively on wild mammals and reptiles.

Seminatural. These are habitats which have been
created by or are influenced by man, but which pro-
vide microclimates comparable if not identical, to
those found in natural habitats. They include mango
plantations, sacred groves modified and protected
by man in pagan areas and the fringing vegetation
of moats around town walls.

Because these types of habitat are located near
human dwellings, man and his livestock are often
readily available as hosts and although the flies in-
habiting them are unspecialized in their feeding
habits, natural hosts will be utilized to a more limited
extent than one finds in natural habitats due to
man's disturbing influence on the natural fauna.

Quite isolated habitats of this nature have been
observed, but in many cases natural and seminatural
habitats are closely intermingled and movement of
flies from one type to the other is probably of
common occurrence.

It should now be evident that this classification
incorporates both the old concept of species nor-
mality and some examples of what have hitherto
been regarded as atypical ecology or habitat. The
potential for ecological diversity is great, but the
extent to which it is realized depends primarily on
factors which are not influenced or imposed by man.
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Attention must now be directed towards those
types of atypicality which occur in southern Nigeria
and which do not fall into the categories described
above.
The present writer believes that G. tachinoides has

advanced into southern Nigeria from the north
during the last few hundred years, and in association
with man's development of the forest belt. He fur-
ther considers that this advance has been made
possible by populations of G. tachinoides, originating
in the Niger and Benue valleys, undergoing sub-
speciation in such a manner that the populations
involved have become highly adapted to man-made
environments. The evidence for this hypothesis will
not be elaborated here, but it should be stressed
that the theory is not intended to imply that there
are 2 subspecies of G. tachinoides in Nigeria. What
can be envisaged is a species-complex which, in
southern Nigeria, manifests itself as a number of
closely related variants similar to those which one
finds in the Anopheles gambiae complex.
The G. tachinoides populations, which it is thought

constitute this species-complex, have a number of
features in common. Their habitats are largely
man-made and man-controlled and seasonal varia-
tions of climate are, in many cases, of limited
importance to the flies. With human population
density being, as a rule, high, natural hosts are
limited and although they are fed upon where
available, most of the flies are selective in their feed-
ing habits and many appear to be obligate pig-feeders
or cattle-feeders. Generally, man is relatively unat-
tractive as a host. This type of ecological behaviour
may be classified in the following way.

Man-influenced ecology
This is the alternative to Naturally influenced

ecology, described above.
This type of ecology is associated with micro-

climatic conditions which are provided by and
largely controlled by man, as already discussed
above. The habitat can be of 2 types:

Artificial. These are man-made habitats and flies
inhabiting them are extensively influenced by man
and his livestock. They include houses in villages
and hamlets, pig enclosures, cattle kraals and asso-
ciated farmland as described by Baldry (1964, 1966a,
1966b) for the Nsukka area. Fly populations occupy-
ing these situations are very specialized in their
feeding habits, preferring to feed extensively on
domestic pigs and cattle, but rarely on man. This
host specificity is so great in some localities that

removal of the preferred host population frequently
results in a complete collapse or dispersal of the
fly population.

Semi-artificial. These are habitats which are simi-
lar to artificial habitats but which differ from them
in that they are utilized for only part of the year or
they are occupied throughout the year, but to a
much lesser extent. Such habitats are common in
the Benue Valley where flies may be found occupying
both riverain and peridomestic habitats and moving
freely between them. Wild hosts are often limited in
numbers and availability, but are fed upon when
encountered away from man-made habitats. How-
ever, many fly populations feed extensively on man
and his domestic livestock and often the distribution
of these populations coincides with that of the
domestic pig.

It is considered that populations of G. tachinoides
occupying artificial habitats have evolved from those
inhabiting semi-artificial habitats and that it is

FIG. 3
SUGGESTED APPROXIMATE GEOGRAPHICAL

RELATIONSHIP BETWEEN NATURALLY INFLUENCED
POPULATIONS OF G. TACHINOIDES OCCUPYING

NATURAL AND SEMINATURAL HABITATS (LEFT) AND
MAN-INFLUENCED POPULATIONS OCCUPYING

ARTIFICIAL AND SEMI-ARTIFICIAL HABITATS (RIGHT)
BETWEEN LONGITUDES 70 E. AND 90 E.a

SLEEPING-SICKNESS ZONE

z

ULJ

(X
LL

cL

13 N. 12° 11° 100 9' 8° 7' 6 5' 4'
APPROX. LATITUDE

(BETWEEN LONGITUDES 70 E. AND 9' E.)

a The sleeping-sickness zone has also been plotted to
illustrate the relationship between its southern limit and the
incidence of G. tachinoides populations occupying artificial
habitats.
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largely the associated changes in the feeding prefer-
ences of the emergent populations which has enabled
them to adopt artificial habitats.
The basic distinctions between naturally influenced

and man-influenced ecology have been represented
diagrammatically in Fig. 2 but now that they have
been discussed in detail above, it is possible to give
a more accurate representation of their subdivisions,
on a geographical basis, in Fig. 3.

IMPORTANCE OF G. TACHINOIDES POPULATIONS

IN RELATION TO TRYPANOSOMIASIS TRANSMISSION
AND TSETSE CONTROL

Tsetse populations exhibiting varied ecological pat-
terns can be important either because they facilitate
an increase in the rate of disease transmission or
because they create new problems in tsetse control.
Now that such behaviour patterns have been inter-
preted and classified, it is possible to consider their
importance under separate headings.

Populations of G. tachinoides occupying natural
habitats
As the role of riverain populations of G. tachinoides

in the transmission of trypanosomiasis and methods
for control of the disease have been well documented,
they will not be discussed here in detail. Reference
must, however, be made to one example which is
important.

This category includes fly populations occupying
riverain habitats which are devoid of woody vegeta-
tion. As Langridge, Kernaghan & Glover (1963)
have stressed, such situations have important impli-
cations since the aim of tsetse-control methods using
the clearance of woody vegetation is to replace the
latter by grass. Clearly, then, populations of flies
occupying such habitats can only be controlled by
alternative methods such as the application of resid-
ual insecticide to grass and boulders.

Populations of G. tachinoides occupying semi-
natural habitats
The different types of seminatural habitat ob-

served, e.g., mango plantations and sacred groves,
have one feature in common; they are located near to
where man is living or where he is cultivating the
land. This means that natural hosts may not always
be readily available, although man may be a frequent
visitor. Thus man-fly contact can be very close and
personal and there are many records of epidemics of
sleeping sickness to vouch for this.

Bush clearance cannot be used to control such fly
populations but, as the dry season is usually rela-
tively severe, control can be achieved either by the
application of residual insecticides or, in mango
plantations, by the regular and supervised pruning
of the lower branches of the trees.

Populations of G. tachinoides occupying semi-
artificial habitats

Baldry (1968) has suggested that the high inci-
dence of endemic sleeping sickness which occurs in
the Benue Valley is attributable to the atypical
habits of G. tachinoides in the area. It was thought
that during the dry season man-fly contact was
close near the rivers, but that it was probably
closer around villages where flies congregated during
the wet season to avoid the flooding which affected
many riverain habitats.
Although reliable data are not available, it seems

probable that G. tachinoides is an important vector
of animal trypanosomiasis, in view of its, often close,
association with cattle and domestic pigs. Both
Jordan (1965) and Baldry (1964) have reported high
trypanosome infection rates in G. tachinoides popu-
lation inhabiting such habitats.
For several years, attempts to control sleeping

sickness in the Benue Valley by eliminating G.
tachinoides and G. palpalis by insecticidal methods
have proved unsuccessful. It is now known that
this was because riverain spraying, while eliminating
G. palpalis and some G. tachinoides, did not affect
a proportion of the G. tachinoides population which
was able to survive away from the rivers. Such
residual populations were subsequently able to re-
establish themselves in riverain habitats. However,
at the present time, attempts are being made to
eliminate G. tachinoides by spraying both riverain
and peridomestic habitats. Such a method of con-
trol is more expensive than strictly riverain spraying
and, in addition, its merits have not yet been fully
established. It would be economical to spray only
those peridomestic habitats where G. tachinoides
can be detected, but in view of the ability of this
species to exist in extremely low density, it would
be difficult to ensure that all habitats were treated
with the insecticide. It is also unfortunate that the
Benue Valley experiences wet humid conditions for
much of the year, because under such conditions
deposits of residual insecticides such as DDT and
dieldrin have a limited period of effectiveness.
The control of G. tachinoides in at least the Benue

Valley poses many problems and it is regrettable
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that no method of control with good chances of
achieving success can be recommended at present.
Methods of control which are still in the experi-
mental stage may prove to be effective, but eco-
nomically their use may not be justifiable on a
large scale.

Populations of G. tachinoides occupying artificial
habitats

So far, populations of this type are only known to
feed extensively on domestic pigs and cattle and
Baldry (1968) has suggested that it is this behaviour
which prevents the transmission of sleeping sickness
in southern Nigeria. However, it is known that
host-fly contact can be extremely close, much more
so than Page & MacDonald (1959) reported with
man-fly contact amongst dry-season populations of
G. palpalis in northern Nigeria. There is therefore
a danger that these populations could become ex-
tremely important if for some reason they changed
their feeding habits and fed extensively on man.
The war that is currently being fought in part of
south-eastern Nigeria might well achieve such a
change, as one would imagine that all forms of
livestock have now been killed to feed the popu-
lation.
While sleeping sickness is not a problem in

southern Nigeria, protein deficiency amongst the hu-
man population is a reality. G. tachinoides is known
to have been responsible for the high frequency
of porcine trypanosomiasis in at least 2 areas and
it seems safe to assume that it is an important vector
of trypanosomes pathogenic to both pigs and cattle
in many other areas.
The present writer does not know of any control

measures which have been taken against populations
of G. tachinoides inhabiting artificial habitats in
southern Nigeria. If, and when, it is necessary to
investigate tsetse control measures, it can be assumed
that clearance of the bush will not be practicable, as
there is frequently little or no vegetation that could
be cleared. This would indicate that residual
insecticides will have to be relied upon, but as yet
nothing is known of their performance against
tsetse flies in areas which experience high rainfall
and humidity for most of the year. The repeated
applications of insecticides, perhaps combined with
a scent attractant, to houses, pig-sties and cattle
kraals might prove successful, but might be contra-
indicated on the grounds that conditions could be
created which would assist the development of
insecticide resistance in the residual fly populations.

ATYPICAL BEHAVIOUR IN OTHER TSETSE SPECIES

Atypical populations of some other tsetse species
are known to occur, but very few have so far been
reported upon. In Nigeria, atypical populations of
G. palpalis and G. morsitans have been observed by
the author, and in Kenya Willett (1965) has described
atypical populations of G. fuscipes. These findings
are considered below.

G. palpalis in southern Nigeria
In southern Nigeria, G. palpalis has been found

in semi-artificial and artificial habitats in a number
of localities, but only one example is given here.
Most of the refuse which accumulates from the

large human population of the town of Ikenne in
south-western Nigeria is deposited on a piece of
waste ground inside the town. This fenced area
contains some thickets and oil palms and is much
frequented by vultures and scavenging mammals.
The refuse also supports a number of domestic pigs
which are permanently confined within the enclosure.
G. palpalis was numerous in this enclosure and closely
associated with the pigs from which they took
frequent blood meals. Gorged flies were easily
detected resting on the enclosure fence and inside
a small shelter constructed for the benefit of the
pigs. Pupae were found in the soil beneath the
shelter and at the base of oil palms. Although
nothing was known of the incidence of porcine
trypanosomiasis in the area, the flies were found to
be infected with trypanosomes of the T. congolense
group.
The behaviour of this G. palpalis population was

clearly very similar to that of some G. tachinoides
populations.

G. morsitans in southern Nigeria
G. morsitans is not normally distributed in

southern Nigeria, but some populations are now
known to exist some 80 miles (129 km) further south
than the main fly belt in the south-western part of the
country (Baldry, 1969). Jordan (1965) found G.
morsitans numerous at cattle watering places and in
cattle grazing areas at the Cattle Control Post on the
outskirts of Ilorin town and reported a trypanosome
infection rate of 45% in the flies. More recently,
Baldry (1969) described populations of G. morsitans
associated with 75 miles (120 km) of the main trade
cattle route which runs from Ilorin southwards to
coastal consumer areas. Although flies were found
all along the cattle route, main fly concentrations
were observed at Ogbomosho and Oyo towns, in
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cattle kraals and cattle markets. Other flies were
found in open woodland, bamboo thickets and farm-
land, with common resting sites being the shrubby
fences separating the cattle route from adjacent
farms. From Ilorin southwards, the trypanosome
infection rates in G. morsitans steadily increased
from 45% to as high as 86% at Oyo. With the
human population density being high and game
animals scarce, it was concluded that the flies derived
a large proportion of blood meals from the large
numbers of cattle which moved in an unbroken
stream along the cattle route.

These populations of G. morsitans are not as yet
fully understood, but investigations are continuing
and will be reported upon at a later date, when it is
hoped that their importance in the transmission
of bovine trypanosomiasis will have been assessed.

G. fuscipes in Kenya
In describing an epidemic of Rhodesian sleeping

sickness in the Nyanza Region of Kenya, Willett
(1965) reported " An additional circumstance has
undoubtedly contributed much to the degree of
man/fly contact and hence to the rapidity of out-
break in this area, namely that G. fuscipes has, very
recently, colonized new vegetational areas away
from the rivers, particularly Lantana thicket...
and the rings of vegetation actually surrounding
groups of Luo huts... it is certain that Lantana
thicket and boma vegetation do now support breed-
ing populations of G. fuscipes, since young flies and
pupae are found there. The colonization of the boma
vegetation is particularly serious since it must
produce conditions of intimate man/fly contact...
with the inevitable result that in drier seasons
restricted fly populations are biting and re-biting
the same restricted human population-ideal con-
ditions for an epidemic outbreak of sleeping sick-
ness." The importance of these events is largely
self-evident; however, it is worthy of note that they
illustrate very clearly how serious a problem G.
tachinoides could become in southern Nigeria if this
species ever fed extensively on man.
On the basis of the classification of ecological

patterns which has been proposed for G. tachinoides,
it would seem that the G. fuscipes populations
described by Willett (1965) could be regarded as
being man-influenced within an artificial habitat.

DISCUSSION

In considering various aspects of tsetse ecology,
Ford (1968) has suggested "... . just as the original

classification of the genus has required, at the hands
of modern systematists like Machado, to be broken
down so recent field work suggests that behaviour
patterns must be studied in detail in local environ-
ments and that when this is done, fundamental
distinctions will emerge ". The present writer
endorses this view and it has emerged as the under-
lying theme for his own investigations on the varied
ecology of G. tachinoides. This approach has made
it possible to offer an interpretation for types of
ecological pattern which have hitherto been regarded
as atypical or abnormal, and to classify the various
types of phenomena which have been observed.
When instances of atypical behaviour and habitat

were first observed with any real interest a few
years ago, they were such isolated examples that
there was probably some justification for regarding
them as being abnormal. However, at the present
time, and at least in Nigeria, an increasing number
of examples of atypicality are being brought to the
attention of entomologists, and they can no longer
be regarded as isolated oddities. For this reason, a
classification has been described above which does
not include such ambiguous terms as atypical and
abnormal. Instead the classification is based on
terms which describe ecologically influencing factors
and types of habitats in terms of natural or artificial
features of the environment. The classification which
has been proposed is not considered to be final, but
it should form a sound foundation for elaboration
when additional data from a number of species in
various localities are available.
Some types of atypical behaviour observed

amongst Nigerian populations are now considered
as being little-known examples of a normally very
versatile species. Others cannot be so regarded and
many of these are considered to be attributable to
small genetic changes. The natural flora and fauna
of much of Africa are rapidly being modified or
driven to extinction as a result of man's occupancy.
Clearly, in many parts of the Glossina belt, natural
habitats and hosts of some tsetse species are rapidly
disappearing and chances of the flies surviving will
undoubtedly depend on the rate at which they can
benefit from the laws of natural selection and adapt
themselves to a new environment which is dominated
by man. Populations of G. tachinoides in southern
Nigeria appear to be in the forefront of this race to
adapt to the human environment, but some other
species are also now involved.
The dangers of adapting tsetse populations have

already been described from our current meagre
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knowledge of them, but their full importance may
not yet be realized. Today, trypanosomiasis trans-
mitted by conventional tsetse populations is an
enormous problem and one that seriously hinders
the development of a large part of the African
continent. In the future, trypanosomiasis may be as
big or an even bigger problem and one that is
associated with tsetse populations which are able
to co-exist with man in the human environment in

much the same way as the domestic vectors of
malaria do today.

It is therefore hoped that this appraisal of the
situation as it appears at present may contribute
towards the development amongst entomologists and
other investigators concerned with the problems of
trypanosomiasis of a greater awareness of the
dangers of versatile and adaptive tsetse popu-
lations.
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RESUME

VARIATIONS DE L'tCOLOGIE DE GLOSSINA SPP., ET EN PARTICULIER
DE GLOSSINA TACHINOIDES AU NIGIRIA

Au Nigeria, la tse-ts6 dont l'6cologie est le plus sujette
ai fluctuations est G. tachinoides dont le role dans la
transmission de la trypanosomiase humaine est conside-
rable. On lui assigne generalement comme habitat les
rives des cours d'eau et on admet qu'elle ne manifeste
aucune preference trophique particuliere, bien qu'elle se
nourrisse sans difficulte sur l'homme. Cependant, dans
le sud du Nigeria, G. tachinoides occupe des habitats
eloignes des cours d'eau et preleve souvent l'essentiel de
sa nourriture sur le betail mais non sur l'homme.

L'auteur propose une classification couvrant les diffe-
rents types de comportement ecologique de G. tachi-
noides consideres soit comme caracteristiques de l'espece
soit comme inhabituels. I1 distingue en premier lieu l'eco-
logie soumise aux conditions naturelles, lesquelles abou-
tissent a creer un microclimat ddtermine. La tse-tse peut
se nourrir sur l'homme et sur le betail, mais ses prefe-
rences trophiques ne sont pas fixes. L'habitat peut etre
de deux types. L'habitat naturel, oii l'influence de
l'homme ne se fait pas directement sentir, comprend la
vegetation riveraine, les cours d'eau 'a fond de galets,
depourvus de vegetation, les ilots forestiers et les bois;
I'homme peut servir d'h6te occasionnel. L'habitat semi-
naturel, cre6 ou modifie par l'homme, possede nean-
moins un microclimat comparable ou identique a celui
de l'habitat naturel. C'est le cas des plantations, des
bosquets sacres et de la vegetation croissant en lisiere des
foss6s entourant les villes; en raison de la proximite' des
habitations humaines, les glossines se nourrissent fre-
quemment sur l'homme et sur le betail.

L'ecologie modifiee par l'homme est liee 'a l'existence
de conditions microclimatiques creees et en grande partie
contr6lees par ce dernier. L'habitat peut etre de deux

types. L'habitat artificiel comprend les habitations
humaines, les parcs a betail et les alentours des fermes.
Les tse-tse s'y alimentent surtout sur les cochons domes-
tiques et sur le betail, et leurs preferences trophiques vont
rarement 'a l'homme; si ces hotes specifiques viennent ai
faire defaut, elles finissent g6neralement par disparaltre
ou par se disperser. L'habitat semi-artificiel est du meme
type que l'habitat artificiel mais il n'est utilise que pen-
dant une partie de l'ann&e, ou un a moindre degr6 tout au
long de l'annee; les glossines s'y nourrissent habituelle-
ment et abondamment sur l'homme et les animaux
domestiques. On peut admettre que les glossines qui
occupent les habitats artificiels sont issues des populations
qui colonisaient les habitats semi-artificiels, et que cette
dvolution est liWe en grande partie 'a une modification
concomitante des preferences trophiques de l'insecte.

L'existence des habitats artificiels ou semi-artificiels ne
va pas sans creer de nouveaux problemes en matiere de
transmission de la trypanosomiase, en raison des contacts
etroits entre les glossines et l'homme ou les animaux
domestiques. Dans certaines regions, la lutte contre le
vecteur, pour etre efficace, doit faire appel i l'application
d'insecticides non seulement sur la vegetation, mais aussi
sur toutes les installations proches des habitations.

I1 est encore trop tot pour evaluer toute l'importance
des possibilites d'adaptation des glossines. Le probleme
de la transmission de la trypanosomiase par les po pu-
ations de tse-ts6 # conventionnelles * est d6ji consi d-
rable. I1 risque de devenir dans l'avenir plus menacant
encore, si des populations de glossines en arrivent i vivr e
dans le meme milieu que l'homme et en etroit conta ct
avec lui, comme le font aujourd'hui certains vecteurs du
paludisme.
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