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Abstract-The literature published during 1970-1981 on tsetse ecology is reviewed. The geographical 
distribution of some species was affected during the drought of early 1970s. New maps of tsetse distribu- 
tion in Africa and a few national maps have been published. The habitats of several species have been 
described in detail, pacticularly atypical habitats in peridomestic situations. Pupal ecology has not held 
the atteniion of ecologists so much; however, pupal duration and mortality have been assessed for a few 
species. Due to the importance of selective application of insecticides, resting sites and resting behaviour 
have been described in detail. Activity patterns have been correlated with climatic factors and also with 
sampling methods. Several works on host-seeking behaviour, flight performance and engrgy metabolism 
have been described. Host preferences of certain species have been found to be somewhat different from 
those previously recorded; and new host species have been discovered. Studies on fat and haematin 
content showed that these metabolites are useful indices of nutritional status to interpret feeding behav- 
iour in relation to population sampling. A tsetse contact sex-pheromone has been discovered and 
synthetised; and attempts have been made to use it in the field. Studies on sound production by both 
sexes under various conditions of light and physiological state are in progress. Comparative studies on 
sampling techniques have received particular attention; several trap devices have been designed and 
tested to evaluate the reliability of samples. The determination of the age structure of populations has 
become more relevant to studies on population dynamics. Attempts have been made to calculate the 
growth' rate of populations. Density-dependent factors started being taken into consideration in the 
assessment of populations. Several methods have been tried out to estimate population size. New 
pathogens, parasites and predators have been recorded. 
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Résumé-Cette revue fait le point des progrès réalisés dans l'étude de I'ècologie des glossines durant la 
période 1970-1981. La répartition géographique de certaines espèces a été affectée durant la sécheresse 
du début, des années soixante-dix. Une nouvelle carte de répartition des espèces et sous-espèces en 
Afrique et quelques nouvelles cartes à l'échelle nationale ont été publiées. Les habitats de plusieurs 
espèces ont été décrits en détail, particulièrement les habitats atypiques dans les situations péridomesti- 
ques. L'écologie des pupes n'a pas retenu toute l'attention souhaitée; cependant, la durée du stade pupal 
et la mortalité pupale ont été évaluées chez quelques espèces. Le comportement de repos et les lieux de 
repos des vecteurs importants ont été décrits en détail en vue de déterminer les surface de végétation à 
traiter lors des applications sélectives d'insecticides. Lés niveaux d'activité diurne ont été étudiés en 
fonction des facteurs climatiques et des méthodes d'échantillonnage des populations. Divers travaux ont 
été consacrés au comportement de recherche de l'hôte, a la dynamique du vol et au métabolisme 
énergétique. Les données collectées sur les préférences alimentaires montrent que certaines espèces ont 
des préférences un peu différentes de celles observées auparavant; de nouvelles espèces d'hôtes ont été 
découvertes. Les études sur le taux de graisse et d'hématine ont montré que ces métabolites fournissent 
des indices du statut alimentaire utiles pour interpréter le comportement des mouches vis à vis des 
systèmes d'échantillonnage. Une phéromone sexuelle de contact a étè isolée et synthétisée; des tentatives 
ont été faites pour l'utiliser sur le terrain. Des études sur la production de sons chez les deux sexes, dans 
des conditions variées de lumière et d'état physiologique ont été entreprises. Les méthodes d'échantillon- 
nage de populations ont èté comparées; et plusieurs nouveaux modèles de pièges ont été mis au point et 
essayés sur le terrain afin d'évaluer la qualité des échantillons. La détermination de la structure par 
groupes d'âge des populations est devenue une opération courante. Des tentatives de calcul du taux de 
croissance des populations ont été faites et les facteurs dépendants de la densitè ont été pris en considé- 
ration. Plusieurs méthodes ont été utilisées pour estimer la taille des populations. Enfin, de nouveaux 
agents pathogènes, parasites et prédateurs ont été découverts. 

Mots Clés: Ecologie, Afrique, tsetse. 
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INTRODUCTION 

FOLLOWING the authoritative works on tsetse and try- 
panosomiases by Mulligan (1970) and Ford (1971), 
Jordan (1974) has revieNed the literature on tsetse 

ecology and cbntrol, covering developments during 
the period 1964-1972. 

The present review deals with studies carried out 
on ecology for the period 1970-1981, a decade which 
has seen an increasing interest in sampling techniques, 
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particularly trapping. Progress has been made in 
various fields of ecology such as resting site studies 
and population dynamics. Since the turn of the 
decade, research has become more diversified; investi- 
gations are being conducted in sensory physiology, 
behaviour and biochemistry with the view to improv- 
ing population sampling methods and control tech- 
niques. Efforts are also being made to  understand 
better the mechanisms involved in population dy- 
namics. This review reports on ecological studies 
mainly and attempts to draw a synthesis in those 
fields in which adequate data are available. Some 
works are complementary to previous ones; in which 
case the latter have not been referred to unless they 
deal with basic methods or original work on which 
current studies are based. 

GEOGRAPHICAL DISTRIBUTION 
Ford (1970) described the present distribution of 

tsetse in the light of various factors such as palaeoeco- 
logy, feeding habits, climate and vegetation. Some 
new information is available from various countries in 
the form of either maps or surveys. The organization 
of African Unity/Scientific and Technical Research 
Commission (OAU/STRC, 1976) published a new 
map of tsetse distribution ' in Africa (Ford and 
Katondo, 1977b, 1979) replacing that published by 
the Directorate of Colonial Surveys, London (Potts, 

1953-1954). The authors compiled up-to-date infor- 
mation collected from various sources (Ford and 
Katondo, 1977a), taking into consideration recent 
changes in the systematical status of Glossina 
morsitans Westwood subspecies (Machado, 1970). 

A committee of the International Scientific Council 
for Trypanosomiasis Research and Control (ISCTRC) 
created new symbols and colours to show the distri- 
bution of any species and subspecies (OAU/STRC, 
1971; IEMVT, 1973). 

New or revised national maps have been published. 
In addition, unpublished maps exist in several coun- 
tries; Ford and Katondo (1977a) have given refer- 
ences to them. Moreover, surveys have been carried 
out in certain areas of countries. All this information 
is summarized in Table 1. 

In several countries of West Africa, ,recent droughts 
modified the distribution of some species along their 
northern distribution limit (Laveissière, 1976a; Toure 
et al., 1979a). However, the great drought of 
1971-1973 does not seem to have caused a permanent 
regression in the distribution of G. ni. subrnorsitans 
Newstead in Mali (Okiwelu et al., 1981). According to 
Fevrier (1978), the decrease in G. pallidipes population 
density in the Rift Valley in Ethiopia' would be due to  
the recent settling in the region and agricultural de- 
velopment. In other parts of Africa, extension of tsetse 
species has been observed. G. m. sirbmorsitans 
extended in the south-western part of Nigeria, along 

Table 1. Published and unpublished tsetse distribution maps and surveys, 1970-1981 
~ ~~ ~~ 

Maps 
Country Published Unpublished Surveys 

Angola 
Botwana 
Cameroon 

' Ethiopia 

Gabon 
Ghana 
Ivory Coast 
Kenya 
Malawi 
Mali 

Mozambique 

Nigeria 
Niger 
Senegal 
Sierra Leone 
Somalia 
Sudan 

Togo 

Uganda 
Upper Volta 

Zaire 
Zambia 

Gruvel et a/. (1970) 
Bah and Bergeon (1970); 

Langridge (1976) 

Laveissière and Challier (1981) 
Kenya (1970) 

Nigeria (1973)t 

Toure (1971) 

Challier and Laveissière (1977) 

Zambia (1972) 

* 
* 
* 

* 

* 

* 

* 
* 

* 

* 

Fontes e Souza (19,770) 

Ovazza and Rodhain (1972); 
Fevrier (1978); Fuller (1978); 
Tibayrenc (1974); 
Kuzoe (1971); Drager (1981) 
Clair (1980); Kuzoe et al. (1981); 
Taze et a/. (1978) 

Ashton et al. (1981); 
Okiwelu et al. (1981) 
Martins (1970); Neves (1971); 
Rafael (1973) 

Sivers (1973) 
Toure et al. (1979a, b) 
Sesay (1981) 

Abdel Razig et al. (1977); 
Abdel Razig and Yagi (1972, - - .  
1973); 
Yagi and Abdel Razig (1972); 
Mawuena (1980); 
Mawuena and Ítard (1981) 
Van Vegten (1971~); Woof (1973a) 
Baldry and Molyneux (1980); 
Kupper (1980) 
Mapumba and Fain (1978) 
Mumba (1980) 

* After Ford and Katondo (1977a). 
t Trypanosomiasis and Tsetse Division, Kaduna, Nigeria (periodically revised). 
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trade cattle roads (Popham, 1972; Riordan, 1976). An 
advance of this species is also mentioned from Sudan 
(Abdel Razig et id., 1977; Abdel Razig and Yagi, 
1973). Tsetse populations have extended I56 km east- 
wards since 1972 in the Ngabe area in Zambia 
(Mumba, 1980). The presence of G.  tuchinoides West- 
wood has been detected around the I"N parallel in 
Togo; that is 2" further south than previously men- 
tioned (Mawuena and Itard, 1981); the same has hap- 
pened in Ivory Coast where this species has been 
found half a degree further south (Kuzoe et al., 1981). 

In his paper devoted to the palaeoecology of tsetse 
and sleeping sickness, Lambrecht (1980b) has 
attempted to show how parts of the African continent 
were unsuitable to tsetse during pluvial periods in the 
Quaternary. Ecological entities remained isolated 
over long periods of time; as a result G .  palpalis S.I. 
was largely confined to the same western region while 
G.  inorsitaris S . I .  was split ,.into several areas in which 
subspecies appeared. 

HABITATS 
Typical habitats of tsetse species have been well 

studied in the past (Buxton, 1955; Mulligan, 1970; 
Swynnerton, 1936s. Both riverine and savanna species 
occur in well-defined plant communities. However, 
there are many indications that certain species are 
prone to adapt to atypical habitats. 

G.  tacliinoides lives in northern Cameroon under a 
typical sahelian climate. It inhabits four riverine vege- 
tation strips parallel to river banks, suitable owing to 
the flood duration, which depends on changes in the 
water level of rivers (Gruvel, 1975a). As a result of the 
recent drought, this species took refuge in Mirnosa 
pigra shrubs and sometimes in Salix lederrnanrzii 
stands (Cuisance, 1974a; Gruvel, 1974b). 

G.  p. ganihierisis Vanderplank, a subspecies distri- 
buted in the Sudan and Guinea Savanna vegetation 
zones, penetrates the forest zone very little along its 
southern limit. 

It is present wherever the canopy is closed and the 
humidity high enough, and limited by the maximum 
r.h. of 50% in January. Habitats consist of gallery 
forests, and relic forests which are often sacred groves 
(Challier, 1973). Riparian forest can regulate tempera- 
ture by decreasing -the maximum temperature ' and 
increasing the minimum temperature; it also dimin- 
ishes evaporation considerably. Permanent rivers with 
clear woody vegetation modify temperature and evap- 
oration a little (Terrible, 1981). Toure (1971, 1974) 
described several habitat types encountered in Sene- 
gal; riiuyrs (a Wolof word) are more or less dense 
plant communities consisting of oil-palm trees grow- 
ing in swampy dips near lakes or along small rivers 
flowing from them. At the northern limit of the sub- 
species, the annual rainfall is less than 600mm, but 
the monthly r.h. is never less than 42%. There, atypi- 
cal habitats were found: bush, scrub, thorny or xero- 
phytic vegetation near villages, in plantations of 
mango and cashew trees; and also in Eupkorhiu hulsu- 
nriferu hedges, around gardens. Further south, in The 
Gambia, this subspecies lives in scrub beneath the 
oil-palms around tongues of mangrove. Much of the 
moist evergreen forests have been cleared and are 
now reduced to small isolated patches of vegetation. 

Large populations of tsetse occur in dense swamp for- 
ests that fringe the river banks (Snow, 1981b). 

G .  p. palpalis (Robineau-Desvoidy) is almost omni- 
present in the forest zone,of Ivory Coast. It is found 
in the forest, villages, coffee and cocoa plantations, 
interstitial savannas and along tracks and roads 
(Challier and Gouteux, 1980). 

G.  culigirieu Austen is widespread in the coastal for- 
est of Cameroon. It disperses up to 150m from the 
edges into the open; but in the dry season it concen- 
trates around residual waterholes and stands of Pan- 
danus sp. and Araceae, and along streams. It frequents 
only the limit between mangroves and the forest when 
vegetation is low and a little dense (Eouzan and 
Ferrara, 1978b). 

G.  .I: fuscipes Newstead is usually a riverine or 
lacustrine subspecies. Van Vegten (1971~) found 
several habitats away from open water and also 
around compounds (botnu) and field hedges in 
'shambas' in South Busoga, Uganda. Higher apparent 
densities occurred along the shores of Lake Victoria 
than in riverine forests and thickets. In the same 
region, the ecodistribution of males appeared to be 
related to vegetation cover as determined by light 
intensity. Maximum catches were observed for an 
intermediate illumination corresponding to  thick 
shrub covering most of the area; for moderate and 
excessive light less males were caught, but less vari- 
ation was found in the female catches with changes in 
the vegetation (Rogers, 1977). 

The ecodisfribution of G.  ni. subtnorsituns was stud- 
ied in various plant communities, including savanna 
woodland, tree savanna, gallery forests, shrub 
savanna, and grass savanna, in the south-eastern part 
of Mali (Diallo, 1979, 1981). Yagi and Abdel Razig 
(1972) gave a list of predominant plant species 
encountered in habitats occurring in Southern Darfur, 
Sudan. In The Gambia, this subspecies lives in wood- 
land savanna. Terminalia and Combretum communi- 
ties on plateaux and slopes with forest park harbour 
important residual habitats; and riparian woodland 
as well, with G.  p. gambiensis (Snow, 1981b). The 
classical habitats of G.  ni. centralis Machado have 
always been regarded in Botswana as a riverine vege- 
tation and Acacia associated with fossil drainage 
lines; however, deciduous woodland of various types 
and even scrub vegetation also support tsetse (Atkin- 
son, 1971a). During most of the dry season, tsetse 
favour the more densely shaded habitats in Acacia 
and riverine communities, when trees are leafless in 
deciduous woodland (Lambrecht, 1972). 

In the Lambwe Valley, Kenya, G.  pallidipes is 
widely distributed in continuous thickets and thicket 
clumps in the bottom of the valley and in hill thickets. 

This species is also able to disperse in woodland 
and open country. G .  hreoipiilpis Newstead was found 
in some continuous thickets particularly where E .  
curidrlubrutiz occurred (Allsopp and Baldry, 1972). 

The habitats of tsetse on the Kenyan coast are 
encountered in four basic situations. (i) Large areas of 
semi-aiid Acirciu/Coriiniip/ioru thorn bushland of the 
hinterland where G .  longipenriis Corti is widespread, 
and G.  pu1lidipc.s Austen and G.  uustrni Newstead 
occur in pockets in moister areas. (¡i) Extensive areas 
consisting of lowland forest and grassland; G .  palli- 
ciipcJs is more common in thicketed habitats of thicket 
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woodland or forestfgrassland interfaces. G. brevipalpis 
is most frequent in association with primary forest 
areas. (iii) Small relics of natural forests, and deep- 
wooded and thicketed gulleys. (iv) A coastal strip, 
with G. pallidipes and G. brevipalpis in dense second- 
ary thicket in which Lantana camara is an important 
component (Snow, 1981b). In the Meru National 
Park, G. pallidipes is largely confined to the Park 
where AcaciafCommiphora, Acacia and Coinbretum 
are the vegetation communities in which this tsetse 
species occurs (Lambrecht, 1980a). 

Around the Serengeti National Park, Tanzania, G. 
swynnertoni Austen inhabits open woodland or wood- 
land with scattered small thickets and thickets close 
to drainages, whereas G. pallidipes is confined to 
riverine thickets. A few flies were trapped close to 
large thickets of E. candelabrum (Moloo et al., 1971). 
In Mara District, Kenya, G. swynnertoni inhabits six 
types of vegetation communities including scattered 
tree grassland, escarpment woodland, small thickets 
with scattered trees in grassland, large thickets, river- 
ine thickets with tall trees and with undergrowth of 
shrubs, and Acacia drepanolobium communities. This 
species prefers the more open bush country with small 
thickets and scattered trees which result from the in- 
teraction of game and fires (Langridge et al., 1972). 

In the Northern Guinea vegetation zone of south- 
ern Upper Volta, G. medicorum Austen is widely dis- 
tributed iq the riverine forest; the greatest numbers of 
flies were trapped near the outer edge of the fringing 
forest (Baldry and Molyneux, 1980). 

The most outstanding finding of the last 15 years is 
undoubtedly the importance of peridomestic habitats 
at the forest/savanna limit and in forest zones. Such 
habitats have been mentioned in Ivory Coast for G. 
palpalis and G. tachinoides (Baldry, 1980; Challier and 
Gouteux, 1980), in Cameroon for G. palpalis (Eouzan 
and Ferrara, 1978a), in Congo for G. f: quanzensis 
Pires (Frezil et al., 1979; Eouzan et al., 1981a) and in 
Zaire (Van Wettere, 1975). Baldry (1980) reviewed this 
subject and noticed that G. palpalis and G. tachinoides 
are distributed in relation to the way in which man 
has modified the forest. Whereas G. palpalis is distri- 
buted in various habitat types (riverine forest and 
peridomestic), G. tachinoides distribution is predomi- 
nantly peridomestic. This species is rarely found in 
fringing forests and in the edge of forest islands. 

Problems raised by the modification of the environ- 
ment as a result of human activity have beeqreviewed 
by Finelle (1980). In general, culture of low crop spe- 
cies and fruit tree plantations are not suitable to 
tsetse, except plantations encountered in wet vegeta- 
tion zones. Mango, ginger and banana plantations as 
well as Lantana, Cassia and Cerea hedges are poten- 
tial habitats of tsetse species. Turner (1980d) men- 
tioned the colonization by G. pallidipes of exotic coni- 
ferous plantations bordered by E. tirucali in the 
Lambwe Valley and on the Kenyan coast. Kuzoe 
(1971) reported that large areas along the shores of 
Lake Volta in Ghana have been rendered inhospit- 
able for tsetse. Woodland savanna was the most affec- 
ted G. m. submorsitans habitat in the Gambia. The 
decline in tsetse habitat roughly followed that of vege- 
tation cover of the country, i.e. 6&80%’of the 
vegetation cover of the country between 1946 and 
1968 (Snow, 1981b). 

PUPAL ECOLOGY . 

Breeding sites of tsetse have held the attention of 
ecologists for a long time (Buxton, 1955; Mulligan 
1970). Further data have been collected, but not as 
much as wished for. 

Under the sahelian climate prevailing in northern 
Cameroon, puparia of G. tachinoides were usually 
found under Mitragyna and Morelia trees, buried in 
the layer of clayish soil made light by repeated pass- 
ages of animals, or in sand. During the hot period of 
the year, breeding sites shifted to Mimosa pigra shrubs 
where humidity remained high; r.h. was always in 
excess of 60% (Gruvel, 1975b). In the Northern 
Guinea Savanna zone of Ivory Coast, breeding sites 
of the same species were spread throughout the gal- 
lery forest during the rainy season, particularly where 
bushbuck were resting. Puparia were often aligned 
underneath low branches and liana, probably as a 
result of females larvipositing from their resting sites. 
Other sites consisted of inclined tree trunks, Mimosa 
shrubs and humus accumulated in tree holes (Laveis- 
sière, 1977b). R.h. was always higher than 45%. Ex- 
periments showed that larvae burrowed deeper into 
mould than in sand, and to a greater depth when 
substrate was exposed to light than when in shaded 
places; and that the higher the temperature the deeper 
the puparia (Laveissière, 1978a). 

In peridomestic habitats of the same species in 
Nigeria, puparia were found at  the base of pig enclos- 
ure fences and under various places such as earthen- 
ware urns, beneath cocoyam tubers etc. 

In farmland, puparia were associated with fences, 
derelict farm buildings and farm crops, and L. camara 
shrubs (Baldry, 1970). 

Breeding sites of G. p .  gambiensis consisted of places 
situated under small bridges and fallen trunks, 
between aerial roots of trees, even tall trees without 
shade underneath. Scattered places were also found; it 
would seem that dead leaves on the ground might be 
suitable shelter, more common than believed so far 
(Challier, 1973). Other pupal sites were under low 
branches of unpruned mango trees and under E.  bal- 
samifera hedges around gardens (Toure, 1974). 

Puparia of G. p .  palpalis were found in the shade of 
teak trunks and under fallen trunks near houses, and 
also in the axil of oil-palm trees in villages of Camer- 
oon (Eouzan and Ferrara, 1978a). 

Mopane contributed most pupae to the total popu- 
lation of G. m. centralis in Botswana. Fallen logs were 
used throughout the year, but during the hot months 
puparia were mostly found in cavity sites. Scattered 
sites, such as leaves, twigs, small plants and shrubs, 
were the major wet-season breeding places. During 
the hot season ground holes were more humid than 
tree holes, fallen logs and leaves (Atkinson, 1971a, b). 

Geigy and Boreham (1976) collected puparia of G. 
swynnertoni in the deposits of culverts in the Serengeti 
National Park, Tanzania. Remarkable seasonal differ- 
ences in the mean weight of puparia of G. m. morsitans 
collected from Kariba, Zimbabwe, were recorded; 
rainy-season puparia weighed more than puparia col- 
lected in the hottest and driest period of the year (Van 
der Vloedt, 1970). Despite this variation in size, most 
tenera1 flies which emerged from small puparia in the 
hot dry season, within the temperature range of 
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16-32"C, had adequate fat reserves for survival for at 
least 24 hr; survival of smaller flies would depend on 
their ability to obtain a blood meal within 24hr 
(Phelps, 1973). 

Pupal duration is an important parameter in timing 
tsetse control operations. This parameter can be cal- 
culated from the formula of Glasgow (1963) as Gruvel 
(1975b) did for G. tachinoides, and Madubunyi (1974) 
for G. in. morsitans. The logistic curve (Phelps and 
Burrows, 1969a, b) enabled the pupal period duration 
to be adequately predicted from the daily mean 
temperature defined as &(minimum + maximum) 
recorded in a Stevenson's screen located in the vici- 
nity of natural breeding sites. Using this, Chapman 
(1976) obtained reliable results for G. in. inorsitans and 
G. pallidipes. As the soil temperature is lower than 
that of the air, Davies (1978) used the mean tempera- 
ture as earlier, - 1"C, and extended the expected dur- 
ation by 5% to be nearer the maximum than the aver- 
age. Thus, the predicted period became very close to 
the observed one. 

Direct observation of the pupal stage duration'of G. 
p .  gainbiensis was performed throughout the year 
under climatic conditions prevailing in the Sudan 
vegetation zone; the range of the mean duration was 
found to be 3 M 6  days (Challier, 1973). 

Pupal mortality of G. in. centralis was lowest in 
holes until November when the rains started; the 
overall mortality increased as thé dry season pro- 
gressed. During the rains, scattered sites contained the 

I fewest dead puparia, and ,holes the most (Atkinson, 
1971a, b). Pupal mortality of G. p .  gambiensis, as 
assessed by monitoring freshly deposited puparia in 
various breeding sites, was less than 10% for 
10 months, maximum in March, the hottest month, 
and minimum in April, as the maximum temperature, 
evaporation and saturation deficit were decreasing 
and rains starting. In addition, predation was sus- 
pected to occur as revealed by the disappearance of 
numbers of puparia (Challier, 1973). Gruvel (1975b) 
found 33% dried up puparia of G. tachinoides col- 
lected in the hot season; in addition, puparia were 
parasitized. 

According to Phelps and Jackson (1971), emergence 
is stimulated by changes in temperature, even small 
ones. Greatest effect was found when temperature 
changes were rapid. Emergence of G. m. niorsitans in 
the laboratory took place between 18 and 32°C. It 
was deduced that the emergence pattern in the field 
would be bimodal in summer and unimodal in winter. 
The emergence rate of laboratory-bred G. p .  gain- 
biensis was very low in the morning; most adult tsetse 
emerged after 17.00 hr. A completely different pattern 
was observed in the wild, with most emergences in the 
morning and the remainder in late afternoon. Early 
afternoon emergence occurred in the cold and mid- 
rain seasons (Challier, 1973). 

RESTING BEHAVIOUR 
Proper selective application of insecticides in tsetse 

control requires sound knowledge of the resting be- 
haviour of Glossina species in order to optimize the 
contact between flies and insecticide-treated surfaces. 
Thus, efficient, economic and environmentally safe 
control methods can be devised. Since the recent 

review on this subject (Hadaway, 1977), several papers 
have been published. 

Resting substrate 
Although it is currently claimed that tsetse do not 

exhibit any preference for plant species when choos- 
ing their resting sites, it can be noticed that, in certain 
local situations, some plant species are more favoured 
as resting sites than others. Sometimes, certain trees 
of the same species are preferred to others because of 
their position in the habitat; probably because they 
provide better environmental conditions. Several 
authors mentioned plant species particularly popular 
to tsetse (Langridge et al., 1972; Gruvel, 1975d; 
Laveissière, 1976b; Laveissière et al., 1979b; Scholz et 
al., 1976; Turner, 1980~). 

The general feature of tsetse resting behaviour is 
that daytime resting sites differ from the night-time 
ones. Preference for woody parts of plants during the 
day, and leaves at night does not seem to be the gen- 
eral rule (Tables 2 and 3). Movement from day- to 
night-time substrates undoubtedly takes place at dusk 
within a period of a few minutes, at the time of the 
rapid drop in light intensity (MacLennan and Cook, 
1972). The reverse movement probably occurs at 
dawn, as seen by Turner (1980~) when G. m. morsitaiis 
moved low down onto trunks and low branches for a 
short time, then, when the sun was well up, onto the 
underside of horizontal branches. 

Males and females behave in the same manner 
regarding resting substrates. They may modify their 
preferences according to the season (Minter, 1971 ; 
Scholz et al., 1976; Laveissière et al., 1979b) and 
change substrate during the day. When the tempera- 
ture was still relatively low in the early morning, G. m. 
inorsitans preferred the sunlit side of plants (Okiwelu, 
1977b; Turner, 1980~). Recording temperature 
showed that live organs of plants were cooler than 
dead ones; leaves became hot faster than trunks and 
small organs were hotter than bigger ones (Laveissière 
et al., 1978). As it was shown tsetse perceive tempera- 
ture with tarsal thermoreceptors (Reinouts van Haga 
and Mitchell, 1975) and can therefore choose suitable 
sites. This is facilitated by shaded places acting as 
'token stimuli' (Andrewartha and Birch, 1954; Glas- 
gow, 1963); the latter indicate low temperature places. 
Gruvel (1975d) always found resting G. tachinoides at 
a light intensity less than 400 lx. 

Substrates utilized as night resting sites mainly con- 
sist of leaves, twigs and creepers, and, to a much 
smaller extent, of branches, stems, petioles, trunks, 
roots and fruits-all as live organs of plants and never 
when dead (Table 2). Both sides of leaves are used 
with, in general, a preference for the upperside (Scholz 
et al., 1976; Turner, 1980~). Tsetse definitely avoid the 
ground; however, Carnevale and Adam (1971) found 
22% of G. p .  palpalis on leaves lying on the ground. 

Daytime resting sites mostly consist of branches, 
creepers, trunks, twigs and roots-and, to a small 
extent, of rocks, stems and sometimes burrows 
(Table 3). In general, species of the palpalis group 
prefer small organs of plants; however, G. tachinoides 
behaves rather like G. morsitans, favouring tree trunks 
or branches. Usually, flies rest with their body parallel 
to the length of the plant organ and mostly on the 
underside of it. The head-up position is commonest 
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Table 2. Night resting sites of tsetse: distribution (percentage) between different substrates 

Resting Substrate No. of Method Reference 
Species/subspecies Vegetation/habitat Month Leaves Grass Woody parts Others flies (release time) (country) 

. _  
G. p .  palpalis Northern Guinea Savannah (gf) 

Limit of Southern Guinea 
Savannah/forest (gf) 

Wooded area in a 
plain 

G. p .  gainbiensis Sudan Savannah (gf) 

G. tfirscipes ~ Semi-deciduous Dry 

Riverine 
Dry 

Northern Guinea Savannah (gf) 

Sudan Savannah (gf) 

forest 

G. tachinoides 

Transition Sudan Savannah/rainy S. 
Northern Guinea Savannah (gf) 

G. m. morsitans 

G. pallidipes 

Riverine vegetation 

Grassed woodland 

Lambwe Valley (th) 
Otuok (Rf 1300) 

Roo (Rf < 900) 

Kiboko (th) (Rf < 750) 

8-9 
10 

2 

11 

5-7 
10 
3 

1-3 

1-3 
1-3 
13 m 

11-12 

5-6 
7 

3 

4-6 

Wet S. 
Dry S. 
Wet S. 
Dry S. 
Wet S. 
Dry S. 

68 
78.5 

65.4 

69 

39.1 

92.1 
88 
(12) 
22.7 

22.9 
48.4 
13.1 

41.7 

84 

79.7 
91.8 
90.8 
31 

152 

55 
29 
12 
59 
29 
16 

4.5 
7.8 
(1) 

13.1 

12 

29.T 
19.5T 

27.4C 

26 

24t ; 
28.1CBRT 

3’tBR 
3.ltB 

68t; 9.3BS 

66t; 4.1BS 
5 0 3 ;  1.lBS 
11.7B; 0.5TR 

49TC; 3.3TB 

13.3 

18.2CtB 
8.1CtB 
6.6CtB 
32tC 

22.8tP/ 
3TB 

36t; 9B 
67t; 4B 
22t; IB 
31t; 10B 
69t; 2B 
22t; 2B 

2.4 
1.9 

7.1 

5 

7.7 

0.4 
1 

1 

2.7 

2 

2.6 
19 

206 
214 

84 

42 

216 

529 
192 

440 

97 
93 

924 

232 

262 

148 
37* 
76t 
41 

26 1 

737 
505 
84 

464 
I102 
336 

Semi-natural Scholz et al. (1976) 
Restricted (Nigeria) 
by clearing 

(20.00) 
Natural Laveissière and 

(late afternoon) Challier (1976) 
(Ivory Coast) 

Artificial Carnevale and 
Isolated Adam (1971) 

Natural Challier (1973) 
(15.00) (Upper Volta) 

Natural Van Vegten 

(Congo) 

(1971b, c) 
(Uganda) 

Natural Laveissière (1976b) 
(1 7.00) (Ivory Coast) 

Semi-natural Turner (1980~) 
Restricted (Niger) 

(after dusk) 

T.T.D. (1973-1975) 
(Nigeria) 

Semi-natural Spielberger and 
Restricted Barwinek (1978) 

(Nigeria) 

Cage Gruvel (1975d) 

Natural Turner (1980~) 
(after dusk) (Mozambique) 

Natural Minter (1971) 
(at dusk) (Kenya) 

(Cameroon) 

* Observation at 20.m24.00 hr. 
t Observation at 24.00-04.00 hr. 
Woody parts: B = branch; C = creeper, liana; R = root; S = stem; T = trunk; t = twig; P = petiole. 1-12 = months. Vegetation: gf = gallery forest; th = thicket. Rf = rainfall 

(mm). (number) = number of flies in small samples. 



Table 3. Daytime resting sites of tsetse: distribution (percentage) between different substrates 
~ ~ ~ 

Resting substrate 
No. Method Reference 

Species/su bspecies Vegetation/habitat Month Leaves Grass Woody parts Others of flies (time) (country) 

G. p. palpalis 

G. p. gambiensis 

G.f. fuscipes 

G.  tachinoides 

G. in. morsitans 

G. in. submorsitans 

G. pallidipes 

G.  brevipalpis 

Southern Guinea Savannah (gf) 

Sudan Savannah (gf) 

Secondary vegetation (th) 

Semi-deciduous forest 

Northern Guinea Savannah (gf) 

Sudan Savannah (gf) 

Grassed woodland 

Northern Guinea Savannah 

Semi-deciduous forest 

Semi-deciduous forest (th) 

11-5 

12 

All 
seasons 

15m 

3-4 
1 

6-8 
11-12 

4-6 

12 

15m 

15m 

0.40 
0.08 
4.1 

8.7 

o. 1 

1.3 

2.2 

100 

12 

0.2 

71.8C; 23B; 0.2tT 
54.3B; 25.4C; 19.4R 

70.5tC; 23RT 

50.4t; 40.8BS 

96.4 . 2.6tB; 0.5L; 0.1T 

96.4TBRt; 20.3Th 
98.9TBR 
97.8TBR 

77T; 23BR 

53.5T; 46.5B 

92.8B; 7.2T 
1 OOB 

8 37T;27B; 4b 

67.5 29Bt; 0.3T; 0.3L 

0.7 94.2BT: 4.7T 

4.6r 
0.8r 
2.4 

0.3r 

2.4rs 
1.1s 

11.8s 

3.2rs 

0.2r ' 

1743 
I208 
121 

115 

321 1 

384 
89 
45 
87 

16 
43 
30 

181 
51 

643 

2074 

(0800-1400) Abdurrahim (1971) 
(1300-1800) (Nigeria) 

Radiolabelled Bois et al. (1977) 
(Upper Volta) 

(0900-1500) Van Vegten (1971~) 
(Uganda) 

Mostly males Moloo er al. (1980) 
(Uganda) 

(1200-1530) Laveissiere et al. 
(1978, 1979) 
(Ivory Coast) 

Turner (1 980c) 
(Niger) 

(before dawn) Turner (1980~) 
(after dawn) (Mozambique) 

(mid morning) 
Random search 

Diallo (1979) 
(Mali) 

Mostly males Moloo et al. (1980) 
(Uganda) 

Mostly males Moloo et al. (1980) 
(Uganda) 

Woody parts: B = branch; b'= buttress; C = creeper, liana; L = log; R = root; T = trunk; Th = tree hole; t = twig. Others: r = rock; s = soil. 
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on vertical organs (Abdurrahim, 1971; Bois et al., 
1977; Challier, 1973; Laveissière et al., 1978, 1979b; 
Spielberger and Barwinek, 1978 ; Turner, 1980c; Van 
Vegten, 1971b, c) and the horizontal position on hori- 
zontal organs (Onyiah, 1981). 

Preference for thin (twigs and creepers) or thick 
(branches and trunks) woody parts of plants could be 
explained by the fact that species living in dense 
thickets or gallery forests have the possibility of 
choosing their resting places among the great 
numbers of twigs and creepers occurring in these 
types of vegetatiop, whereas species living in more 
open vegetation are attracted to conspicuous, more or 
less, isolated trunks contrasting with the background. 
These two types of behaviour are in accordance with 
laboratory observations on vision in G. m. niorsitans 
(Turner and Invest, 1973); tsetse are sensitive to high 
contrasts and non-complexly shaped objects (trunks) 
and appreciate linearity of forms (twigs and creepers). 

In peridomestic situations, G. tachinoides was found 
resting mostly on dried fronds of oil and coconut 
palms used as fencing material, and other various 
materials (Baldry, 1970). 

Data on resting heights above ground level are 
shown in Figs 1-3. It appears that the general pattern 
of vertical distribution of resting tsetse is: (a) decreas- 
ing number of flies with increasing height, (b) resting 
sites lower in the daytime than at night, and (c) rest- 
ing sites lower in the dry than in the wet season. 

Under natural conditions, resting .heights of G. 
tachinoides (Baldry, 1970; Gruvel, 1975d; Laveissière, 
1976b; Laveissière et al., 1978, 1979b), G. p. palpalis 
(Carnevale and Adam, 1971; Eouzan and Ferrara, 
1978a), G. p. gambiensis (Bois et al., 1977; Challier, 
1973) and G. firscipleiiris Austen (Kangwagye, 1971) 
were found to be near the ground within the height 
range of &ca. 1 m. Resting sites of G. p.  palpalis 
(Ajayi, 1970), G. tachinoides (Cuisance et al., 1973), 
and G. m. submorsitans (MacLennan and Cook, 1972), 
as shown in cages were somewhat higher with most 
flies observed within the range of &ca. 3m. Similar 
ranges were also observed under natural conditions 
for G. p. palpalis (Abdurrahim, 1971), G.  f: fuscipes 
(Van Vegten, 1971c) and G. m. morsitans (Okiwelu, 
1976a, 197713; Turner, 1980~); and tsetse species in the 
derived savanna zone of Nigeria (Onyiah, 1981). 

However, Baldry (1981b) mentioned that most G. 
112. siibmorsitans rested at heights of 1.0-1.3 m, with 
39.5% on the ground. Scholz et al. (1976) found G. p.  
palpalis resting, at night, up to a height of 18 m; and 
G. tachinoides (Spielberger and Barwinek, 1978) up to 
ca. 7 m ;  but most tsetse were found at a height 
between O and 5-6m. The same pattern of vertical 
distribution was observed by Turner (1980~) but, dur- 
ing the day, heights were less than 1.20 m, as observed 
by other authors. 

In general, there is no difference between resting 
heights of males and females. However, G. p.  palpalis 
(Scholz et al., 1976) and G. tachinoides (Spielberger 
and Barwinek, 1978) females rested,higher than males. 
The opposite situation occurred in G. p.  palpalis in 
Cameroon (Eouzan and Ferrara, 1978a), and in G.  m. 
morsitans (Turner, 1980~). 

Daytime resting site height is closely related to tem- 
perature. MacLennan and Cook (1972) observed in a 
cage that, as the temperature rose, G.  m. submorsitans 

. 

rested on the lower part of tree trunks, particularly 
when the temperature was in excess of 30°C. G. tachi- 
noides was never found in places where the tempera- 
ture exceeded 36°C (Gruvel, 1975d). According to 
Laveissière (1978a) the mean resting height of G. 
tachinoides was related to the maximum temperature. 
At night, the temperature did not seem to be a 
determining factor of rest height (Challier, 1973; 
Laveissière, 1976b). Moonlit flies rest higher than dur- 
ing nights without a moon (Scholz et al., 1976; Spiel- 
berger and Barwinek, 1978). 

The role played by the r.h. in resting behaviour is 
not clear. MacLennan and Cook (1972) pointed out 
that the r.h. and saturation deficit are interrelated 
with the temperature. However, Scholz et al. (1976) 
noticed that G. p .  palpalis, at  night, rested at a high 
level when the r.h. was about 60%. Comparative 
studies showed that as far as palpalis group species 
are concerned the resting site temperature was always 
lower than the ambient temperature (Gruvel, 1975d; 
Laveissière, 1976b; Laveissière et al., 1978; Turner, 
1980~). According to Turner (1980~) the indications 
were that, over the range of temperature experienced, 
G.  m. morsitans were not exploiting a favourable mic- 
roclimate in the early dry season. 

Little attention was given to the horizontal distri- 
bution of resting tsetse. Yet, this is an important el- 
ement of tsetse behaviour to be taken into consider- 
ation to reduce areas to be treated with residual insec- 
ticides. In the Sudan Savanna zone, more than 90% of 
G.  p .  gainbiensis were found resting at  night within the 
inner third of the gallery forest fringing the stream 
bed (Challier, 1973). Infhe daytime about 60% of flies 
concentrated within a strip of vegetation less than 1 m 
wide (Bois et al., 1977). A similar concentration along 
river banks was also observed in G. palpalis at the 
savanna/forest limit in Ivory Coast (Laveissière and 
Challier, 1976). In a 100-m-wide gallery forest situated 
in the Northern Guinea Savanna zone, 90% of resting 
G. tachinoides were found within 16, 52 and 54 m from 
the river bed during the hot, cold and wet seasons 
respectively (Laveissière et al., 1979b). In habitats situ- 
ated further north, in Niger, the same species was 
confined to the line of trees fringing both banks of the 
stream bed (Turner, 1980~). In northern Cameroon it 
rested at night on leaves, small plants surrounding 
trees and low bushes; in the daytime it preferred 
shaded places inside the vegetation, particularly those 
where wild animals stayed or passed through (Gruvel, 
1975d). G. f: filscipes stayed inside the vegetation 
above the periphery of thickets during the night but 
moved into the interior when the temperature was 
rising in the morning (Van Vegten, 1971~). Laveissière 
(197613) and Laveissière et al. (1978, 1979b) noticed 
that gorged flies dispersed over the gallery forest at 
night, whereas hungry flies, concentrated in the vege- 
tation near the river bed during the day, probably in 
relation to host behaviour, particularly in the dry 
season. 

The longitudinal distribution of riverine tsetse spe- 
cies should also be taken into consideration. G. p. 
gambiensis tended to be confined to certain sections of 
the gallery forest, particularly on the convex bank of 
the stream where small plants were growing and pro- 
viding most resting places (Challier, 1973). 

After the observations of Abdurrahim (1971), the 
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Fig. 1. Night (shaded) and daytime resting heights (m) of G/ossina tachinoides. n:  number of resting flies observed; 2: mean height; I-XII: month; a: La Léraba 
River, gallery forest in Northern Guinea Savanna zone of Ivory Coast (Laveissière, 1976; Laveissière et al., 1978, 1979); b: trunks of Morelia senegalensis in a cage, 
Kalamaloué Game Reserve, northern Cameroon (Cuisance et al., 1973); c: forest patch in Guinea/Sudan Savanna transitional zone, Bara, North Eastern State, 
Nigeria; n ,  : 20.00-24.00 hr; n2: 24.00-04.00 hr (Spielberger and Bar&& 1978); d: peridomestic habitat, Nsukka, East Central State, Nigeria (Baldry, 1970); 

e: patch of Mitragyna sp. Tapoa River, Niger (Turner, 1980). 
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Fig. 2. Night (shaded) and daytime resting heights (m); n: number of resting flies observed. a :  G. p. 
palpalis: forest patch in Sudan/Northern Guinea Savanna transitional zone, Bara, North Eastern State, 
Nigeria (Scholz et al., 1976); b: G. p. palpalis: Kagoro, Southern Guinea Savanna zone, Nigeria (Abdur- 
rahim, 1971); c: G. p .  gambiensis males: Poa Forest in Sudan Savanna, Upper Volta (Challier, 1973); 
d: radiolabelled males at the same site as c (Bois et al., 1977); e :  G.  f: fuscipes, Samia Bugwe, south- 

eastern Uganda (Van Vegten, 1971~). 

average duration of rest in one particular spot is Regarding methods and techniques used in studies 
about 30min. This would imply that G. p .  palpalis. on resting sites, it appears that certain unnatural ex- 
changed their resting places about 20 times a day. perimental conditions affect tsetse behaviour. In 
This may be of considerable significance in under- cages, the majority of G. tuchinoides rested on the 

dosages. Moreover, only a low proportion of tsetse released 
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into cages was recovered at  night. Some authors (Car- 
nevale and Adam, 1971; Scholz et al., 1976; Spiel- 
berger and Barwinek, 1978; Turner, 1980c) used 
natural areas restricted by clearing in order to avoid 
dispersion of marked tsetse, so as to recover a high 
proportion of flies. Scholz et al. (1976) noticed that 
tsetse released after dusk flew vertically upwards. 

This seems to be typical behaviour of captive flies 
when released. Such flies were probably attracted to 
the most illuminated part of the habitat, the canopy. 
It is not surprising that in Fig. IC the distribution of 
resting flies stretches upwards. Studies by Cook, 
quoted by MacLennan and Cook (1972) demon- 
strated that, if the top of the cage was removed, the 
flies disperse out of it, but if an opaque top is placed 
over it the flies congregate at the junction of shadow 
and light thrown by the moon. According to Scholz et 
al. (1976) low resting heights were recorded when no 
ladders, towers and long-range U.V. lamps were used. 
However, it should be noticed that in studies with low 
height records, most flies were resting at a height of 
less than 0.50 m;  a different distribution pattern, if 
any, would have been observed. Furthermore, tsetse 
were released in the afternoon and allowed to choose 
daytime resting places. This seems to indicate that the 
time of release is an important factor to be considered 
in order that flies would not behave in an unnatural 
way around dusk. 

Okiwelu (1976a, 1977b) devised a method using 
Tanglefoot@, a sticky substance that trapped tsetse 
alighting on it; paper bands were wound around 
boles and branches while bushes, canopies and ant- 
bear holes were covered with netting, all selected 
using a table of random numbers. 

The author pointed out that the Tanglefoot@ 
method does not distinguish between true resting sites 
and sites occupied momentarily (Okiwelu, 1976a). It 
should be noted that for a complete random sampling 
of Tanglefoot-treated vegetation, representative 
samples of the latter should have been considered, 
taking into account the relative importance of 
branches, trunks etc. in the study site; that would 
have been difficult or even impossible. 

To  conclude this part, it can be said as far as 
studies on resting tsetse behaviour are relevant to 
tsetse control, they should deal with tridimensional 
distribution of flies in habitats, avoiding unnatural 
methods as much as possible, in order to devise a very 
selective application of insecticides. 

ACTIVITY 
In the laboratory, tsetse exhibit spontaneous ac- 

tivity in relation to available energy reserves (Brady, 
1970). Spontaneous activity is controlled by an .en- 
dogenous circadian clock (Brady, 1972b, 1975a). Cli- 
matic factors influence the activity pattern to some 
extent (Barras, 1970a, b; Brady, 1974; Brady and 
Crump, 1978), but starvation has an enormous effect 
on activity (Barras, 1970b; Brady, 1972a, 1973a, 
1975b; Crump and Brady, 1979). Tsetse are positively 
phototactic below about 30°C (Popham and Vickers, 
1979) but light intensities above 25,000 lx inhibit feed- 
ing (Huyton and Brady, 1975). 

A clear V-shaped diurnal activity pattern occurred 
in a lightfdark 12: 12-hr cycle in G. m. morsitans, with 

the morning peak higher than the evening peak 
(Brady, 1973b). According to Brady (1978), field be- 
haviour is the outcome of an interaction between an 
activity programme and a complex correlation with 
temperature. Roughly 80% of the amplitude of the 
V-pattern in the field is due to an endogenous circa- 
dian content, and only 20% to direct control by tem- 
perature (Brady and Crump, 1978). G. palpalis and G. 
austeni exhibited the same diel activity rhythm, but a 
different one from that of G.  m. morsitans; the pre- 
dominant peak of activity occurred in the afternoon 
without an appreciable midday trough on day 1 of 
starvation (Crump and Brady, 1979). Hargrove (1972, 
1975a, b) studied the physics and performance of 
tsetse flight. Wing beat is related to temperature, but 
at high temperature oxidation of reserves is rapid 
(Hargrove, 1980~). 

Energy production in tsetse has been reviewed by 
Langley (1977). Field and laboratory observations 
showed that haematin levels and fat reserves influence 
fly behaviour (Randolph and Rogers, 1981). 

Bursell and Taylor (1980) estimated that the daily 
flight duration is about 15 and 30 min for males in the 
hot and cold seasons respectively; for females, the 
flight duration is limited to a few minutes. A compar- 
able value (32min) has been observed in G. m. cen- 
tralis at the end of the rainy season by Randolph and 
Rogers (1981); previous results had given values 
between 32 and 50 min (Randolph and Rogers, 1978). 
Tsetse infected with trypanosomes may have their 
longevity reduced due to direct competition between 
the parasite and the host for proline, a metabolite 
used in flight activity._Females that also use energy 
for reproduction would be still more affected (Bursell, 
1981). 

Most active G. pallidipes and G. in. morsitans 
around a large tree were seen flying within 3.3m of 
the ground and in the late afternoon; they were flying 
near the ground particularly in the hot dry season 
(Phelps and Chapman, 1980). 

G. p. palpalis (Carnevale and Adam, 1971; Van 
Wettere, 1975), G.  p.  gambiensis (Challier, 1973), G. J: 
fuscipes (Kangwagye, 1971; Van Vegten, 1971c), G. J: 
qiranzensis (Elsen, 1973) and G. tachinoides (Cuisance 
and Itard, 1973a; Gruvel, 1970b, 1975e; Turner, 
1980c) showed the same general activity pattern 
which depended on the temperature profile. In gen- 
eral, activity started at sunrise when the temperature 
exceeded 16-18°C. Gruvel (1975e) showed that G. 
tachinoides was active when the light intensity ranged 
from 0.17 to 11,0001~; beyond 30.5"C activity de- 
creased, and no flies were caught when the tempera- 
ture exceeded 39°C in general. Activity increased with 
rising temperature during, the morning to reach a 
high level, then decreased about 1 hr before sunset. As 
a result of inactivity at high temperature, a trough 
appeared in the middle of the day, separating two 
peaks: one in the morning, the other in the afternoon; 
the higher the temperature, the more prominent this 
pattern. The bimodal pattern characterized fly activity 
during hot seasons, whereas the unimodal pattern 
characterized it during cold and rainy seasons. Differ- 
ences between males and females were observed; the 
peak of activity in female G. p .  palpalis occurred 
before that of males (Carnevale and Adam, 1971), but 
the opposite situation was observed in G.  p .  gam- 
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bieiisis (Challier, 1973) and G.  f: quaiizensis (Elsen, 
1973). 

Tenera1 G.  p .  palpalis were found to be more active 
in the early morning while old males were more active 
at midday in the wet season; in the dry season, tenera1 
males were also active in the late afternoon (Van Wet- 
tere, 1975). 

G.  in. morsitaiis (Turner, 1980b), G.  pallidipes (Jean- 
son, 1978a; Etten, 1981c) and G.  swyrinertoiii (Moloo 
et al., 1973a) in general exhibited a bimodal pattern 
with a broad morning wave. However, differences 
between local G.  pallidipes populations may be ob- 
served, in relation to genetic differences (Etten, 1981~). 

Most tsetse species are not active at  night, but G.  
pallidipes was caught after 19.00 hr (Kangwagye, 
1971). Fuller (1978) caught this species and G .  longi- 
perinis at night in Ethiopia when there were no lights; 
but the weather was very hot. G. fuscipleuris Austen is 
also active at  night; in the daytime there were two 
well-marked peaks of activity: one in the early morn- 
ing, the other after 19.00 hr (Kangwagye, 1971, 1973). 
Baldry and Molyneux (1980) did not catch any G. 
medicoruin between 10.00 and 16.00 hr. They recorded 
significant catches between 07.00 and 10.00 hr, which 
would appear to be the activity peak of this species. 

HOST SEEKING 

Tsetse have to feed at more or less regular intervals. 
At these times they have to seek a host using their 
sensorial means, smell and sight. Onyiah (1980) and 
Snow (1980b) reviewed behavioural relationships 
between tsetse and their hosts. The latter considered 
the whole sequence of responses of tsetse in the 
detection and recognition of a host. Only optomotor 
anemotaxis can be a satisfactory theory for locating a 
distant, upwind, odour source. He pointed out the 
difference between moving and stationary hosts and 
showed the range of detection of hosts in relation to 
their weight and index of tolerance. 

Laboratory work showed that moving targets are 
more attractive to tsetse than stationary ones (Turner, 
1972), and that tsetse can perceive both rapid and 
very slight movements; as already reported earlier a 
high contrast sensitivity, preference for non-complexly 
shaped objects and appreciation of linearity of forms 
are important features of tsetse behaviour (Turner 
and Invest, 1973). Tenera1 male G.  rnorsitaiis appeared 
to be more responsive to a moving target than 
females. Interruption of the target movement in- 
creased the female response (Gatehouse, 1972a, b). 

As long as their energy reserves allow them to fly, 
tsetse ‘range’ in search of a host. G.  m. niorsitans and 
G.  pallidipes of both sexes appeared to range to 
roughly the same extent. In the middle of a clearing 
80-100% of flying tsetse responded to stimuli they 
encountered; but they could also adopt another strat- 

r 

can sit and wait until a suitable host. animal passes 
before indulging in a following swarm. Ranging be- 
haviour would be more expensive in energy than 
waiting. A long hunger cycle allows for a considerable 
variation in host density, explaining why tsetse may 
survive in areas with an appreciably low concen- 
tration of host animals. 

Since starvation appears to be a common cause of 
death (Bursell, 1961a), tsetse may exhaust their nu- 
tritional reserves before encountering a host. Bursell 
(1970b) calculated the longevity of flies in relation to 
the probability of host encounter; 60% of females 
have to encounter daily a host in the hot season and 
35% in the cold season to maintain a stable popula- 
tion. A probability in the region of 0.50 might be 
applicable to the natural situation; this means that a 
period of 2 days would have been spent before a suit- 
able host was encountered. Phelps and Vale (1978) 
calculated that a minimum of eight buffaloes or 
25 kudus would be required to support the tsetse 
population of their study area in Zimbabwe. 

HOST PREFERENCE ’ 

Weitz (1963, 1964) showed that feeding habits of 
tsetse as determined by blood meal analysis are divis- 
ible into five main patterns. Additional data have 
been collected during the seventies; they are summar- 
ized in Table 4. In the following accounts, species are 
considered according to Weitz’s groups. 

Group 1:  flies feeding muinly on suids 
Rogers and Boreham (1973) found as many G.  

swyiiiiertoni fed on bovids as on suids in the Serengeti 
area, Tanzania. Carnivores constituted a relatively 
high percentage of feeds. In addition, the hippopota- 
mus and aardvark were new hosts of G.  swyiznertoni 
(Moloo, 1973a; Moloo et al., 1971). According to the 
authors, the. wart-hog and giraffe had momentarily 
emigrated. The hippopotamus provided more than 
50% of feeds from G. f: fuscipleuris in western 
Uganda; the remainder divided between suids and 
bovids (Kangwagye, 1971). 

egy, waiting for passing animals (Valë, 1980a). Tsetse 
were attracted to stationary baits by host odour: 
visual stimuli assisted final orientation wliereas with 
mobile baits flies were attracted by visual stimuli 
alone (Vale, 1974b). 

Host odour forms a plume that extends effectively 
for about 90m. Flies penetrating this can reach the 
host in 30 sec. When leaving the host they flew down- 
wards (Vale, 1977a). According to Taylor (1978), tsetse 

Group 2: flies feeding mainly on suids and bovids 
Less than 16% of blood meals from G.  m. morsitans 

were found to be provided by bovids, whereas more 
than 60% were provided by suids, mainly wart-hogs, 
in Zimbabwe (Vale and Cumming, 1976); the same 
situation was observed in Zambia (Okiwelu, 1977a). 
Equids are possible hosts; 86% of tsetse fed on don- 
keys in Gokwe District, Zimbabwe (Boyt et al., 1972). 
Ç. m. centralis, in Botswana (Lambrecht, 1972), and G. 
m. subinorsitans, in The Gambia (Snow and Boreham, 
1979), exhibited the same tendency towards suids. 

Group 3: flies feeding iiiaiiily on bovids 
Bovids were the most favoured hosts of G. palli- 

dipes even to a larger extent than previously reyorded 
(England and Baldry, 1972a; Kangwagye, 1971). The 
rhinoceros and hippopotamus constituted a relatively 
high proportion of feeds in Zimbabwe (Phelps and 
Vale, 1978). 



Table 4. Identification of tsetse blood meals in Africa-1970-1981 [distribution (percentage)] 

Specieslsubspecies Primates 
(country) Man Monkeys Total Suids Bovids 

Other No. of flies 
mammals Carnivores Avian Reptiles (undetermined x) Reference 

G. rir. nrorsiruiis 
(Zambia) 
(Zimbabwe) 

Sengwa 
Gokwe 

G. III. niorsirans 
(Botswana) 
G. in. siihniorsiruns 
(Gambia) 
G. pullidipes 
(Kenya) 

Lambwe Valley 
Coast 

L. Victoria ’ 

Western 
(Zimbabwe) 

Rekomitjie 
G. swynnertoni 

Lutope 

(Uganda) 

(Kenya) 
Mara District 

Musoma District 
(Tdllzdnia) 

Serengeti 
G. p. palpulis 
(Nigeria) 
(Upper Volta) 
G. Jfuscipes 
(Uganda) 

Western 
Samia-Bugwe 
Lake Victoria 

G. tochinoides 1 

2.4 

1.2 

0.2 

0.7 

o. I 

(7) 
26. I 

33.5 
3.2 

(Cameroon) 
KabdmdlOUé Males 14.4 

Females 2.8 
KdbdmdOUe 5.5 

La LCraba Males 23.5 - 
(Ivory Coast) 

Females 22.5 
G. hreuipalpis 
(Uganda) 

G. Jusciplruris 
(Uganda) 

Western 

Lake Victoria 2 

I M.B 

1.8B/V 

0.68 

O.IB 

- 

(I)B - 

0.6M 

+ 0.4 

0.4 
0.2 
I .7 

0.65 

0.6 

0.2 

28.3 

49.7 
3.8 

17.8W 
4.9w 
5.6 

26.3 
34.8 

45.5B 

(8)W.B 

62.2W*/B I2.4P.D,Ro.K.b.W + 4.7 

73.9w 15.3 K.B.0.R b. b.S.1 
81.8W(B) 12.5K.B.b.O.I.S.Rb 
0.3 4. I 

61W 28.8BJRb.K.b. + 6.8 

89.7W I.20.b 

17.98 38.8b/Ro.B,W.D,s.g + 42.6 
8B.16W + 44 126 + 12 

10.48 
(318 

12.4 

59W.B 

31.3W 

40W 

- 

(21W 
0.2P 
4.9w 

4.8W 
3.5w 

12.2w 

57.?b/B(W) + 28.9 
(23)B/Rb +(IO) 

67.1 K/B.O(l) 

33.7G/B.I,W,D.gaz. 

42.4B/G,E.b.W.I.T.Kg + 8.1 

40B/G,H,T 

(8) 
2.2b + 13.2 

16.80,b/D.s.g + 12.9 
48.4blB.W + 27.2 

49.3b/BK + 16.4 
53.5BJBK + 29.6 
64.2bJDW.BK + 8.0 

17.9B/O i 13.8 
14.6b/B + 7.9 

I1.8b.B + 1.3.8 

IO.4EJRd.A.H. 
+3.2 

6.8E(Eq) 
2.8E/Eq 
86.4Eq 

4.9 

9 

0.2 
8 

I .4H 
(1)E 

16.2R/E 

5.2E/R 

12.7EIH 
0.7A 

2.2 

(3) 4 
0.8UM 

1.4H 

0.7 
0.7 
I .7 

0.6H 
I.1H + 12.4 

28.54 

( I6)H 

0.4 

0.IC 
( 4  

0.6D 

(1 )  

1.5 

I 
O.Sc’ 
8.5 

(I)D 
54.3 

2.1 

o. I 

2.2D 
2.2D 

0.2 

o. I 
0.3 

1.1 

3. I 

2.0 

17.5 
0.7 

2.5 
3.4 

O 

2.8 

1.2L i 0.3 

(4) 

II.9L/ST+ 1.6 

5.5L + 2.7 
4.2L 
8.2 

8.8L + 0.3 
].IL + 22.5 

0.32 

508 

2723(3.5) 
7 I28(2.6) 
293(7.2) 

I63 

I56 

922 
25 

588 
38 

599(4.2) 

324 

875 

59(9.5) 

26 
92 

6 
48 I 

2590 

474(2.7) 
(3.5) 

1 I54 

319 
89 

935 

30 

Okiwelu (1977a) 

Vale and Cumming (1976) 
Vale and Cumming (1976) 
Boyt er al. (1972) 

Lambrecht (I 972) 

Snow and Boreham (1979) 

England and Baldry (1972a) 
Snow (1981b) 

Moloo er al. (1980) 
Kangwagye (1971) 

Phelps and Vale (1978) 

Langridge and Smith (1972) 

Moloo (1973a); 
Moloo er al. (1971) 
Rogers and Boreham (1973) 

Koch and Spielberger (1979) 
Challier (1973) 

Kangwagye (1971) 
Van Vegten (1971a.c) 
Moloo C t  al. (1980) 

Cuisance er al. 
(1973) 
Gruvel(1975d) 

Laveissière and Boreham 
(1976) 

Moloo et al. (1980) 

Kangwagye (1971) 

Key: Primates: B = baboon, M = monkey, V = vervet. Suids: B = bushpig, P = pig, W = wart-hog. Bovids: B = buffalo, b = bush-buck; BK = buffon’s kob; D = duiker, 
DW = Defassa water-buck, E = eland, G = giraffe, g = goat, H = hartebeest, I = impala, K = kudu, Kg = kongoni, O = ox, P = puku, Rd = reed-buck, Ro = roan, S = sable, 
s = sheep, T = topi, W = water-buck. Eq = equids. Other mammals: A = aardvark, E = elephant, H = hippopotamus, R = rhinoceros, Rd = rodent. Carnivores: C = canid, 
c = civet, ‘c’ = ‘cat’ (Felidae), D = dog, G = genet, H = hyena. Reptiles: L = lizard, S = snake, T = tortoise. UM = undetermined mammals. 

* More than 45% of the group. 
(B) very few; (23) = number of meals; + 6.8 = % undetermined species within groups. 
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Group 4: ,flies fiedirig niuirily ori r ~ ~ ~ ~ ~ i i r ~ i u l s  other tliuri 
suids Ùrid houids 

G .  hreuipulpis showed the same feeding pattern near 
Lake Victoria as previously recorded, with a high 
percentage of meals from the bush-buck and hippo- 
potamus. The monitor lizard was mentioned for the 
first time (Moloo et al., 1980). 

Group 5: jlies jkeding ori the most uttailahle host and 
ìnati 

Over 50% of the G .  p .  gariihierisis sample collected 
in Upper Volta originated from reptiles; the rest from 
man and bovids (Challier, 1973). In Uganda, the main 
hosts of G .  f: fuscipes were the bush-buck, ox and 
buffalo (Moloo et al., 1980; Van Vegten, 1971b). More 
than 65% of G .  tachirioides fed on bovids, mainly. the 
bush-buck, during the hot season in northern Camer- 
oon; other hosts were primates, wart-hogs and rep- 
tiles (Gruvel, 1975~). Another sample from the same 
region showed that males preferred primates and rep- 
tiles to a larger extent than females did (Cuisance et 
al., 1973). Man, bovids and reptiles were favoured to 
about the same extent in Ivory Coast; the dog was an 
occasional host; and the hippopotamus was recorded 
for the first time. An important variation in the feed- 
ing pattern of this species was observed; reptiles con- 
stituted the greatest part of the tsetse diet during the 
cold dry season (Laveissière and Boreham, 1976). In 
peridomestic situations the pig is an important host 
of G. palpali?; this animal is currently bred in villages 
of moist regions in Cameroon (Eouzan and Ferrara, 
1978a), Congo (Eouzan et al., 1981b), Zaire (Van Wet- 
tere, 1975) and Ivory Coast (Baldry, 1980; Challier 
and Gouteux, 1980; Kuzoe et al., 1981). In Ivory 
Coast, the larger the number of pigs, the higher the 
density of tsetse (Baldry, 1980). In this country, G .  
palpalis disappeared from an area where all pigs had 
been slaughtered; there was no wildlife any more to 
support the tsetse population (Challier, 197 I). Allsopp 
et al. (1972) made a census of game animals in the 
Lambwe Valley, with a parallel catch of G .  pallidipes. 
Among the most frequent animals, the bush-buck, 
reed-buck and duiker accounted for over 90% of host 
availability. There was a strong positive correlation 
between the distribution of bush-buck and that of G .  
pallidipes. The numbers of G.  pallidipes and G.  j :  ,fus- 
cipes caught along the Omo River in Ethiopia sug- 
gested a relationship between the latter and the 
number of hippopotamuses (Fuller, 1978). 

Removal of the most favoured hosts from the habi- 
tats of tsetse seems to result in adaptation to another 
available host species. Vale and Cumming (1976) re- 
moved the wart-hog, which was the predominant host 
of G .  n i .  riiorsituris in two areas of Zimbabwe. This had 
no drastic effect on the number and nutritional status 
of the flies. The elephant became a dominant host 
and, when removed in turn, bovids formed about 90% 
of the tsetse diet. 

Several experiments were carried out in Zimbabwe 
to know the host preference of G .  m. iiiorsituiis and G .  
pullidiprs, using domestic and game animals. The 
rank order of preference was the ox. donkey and kudu 
as the most favoured hosts. It was observed that large 
numbers of tsetse near the host may reduce the effi- 
ciency of feeding. 

Feeding can provide density-dependent regulation 
of tsetse populations as well as density-dependent 
regulation of meal size (Vale, 1977b). G .  ni .  morsitara 
was seen landing on oxen, dogs, bushpigs, wart-hogs, 
impalas and bush-bucks-whereas it engorged on the 
four former animals, no engorgements occurred on 
the latter two. Most of the engorgements on adult 
suids occurred near the eyes. Attractive stimuli from 
the eye region could not be determined (Vale, 1974~). 
Introduction of donkeys into habitats with wide range 
of wild animals resulted in a marked increase in feeds 
from equids, and a concurrent decrease in meals from 
natural hosts, suids and bovids (Pilson and Macken- 
zie, 1972). However, when equal numbers of cattle 
and donkeys were grazed, more feeds originated from 
bovids than from equids (Boyt et al., 1978). Pilson et 
al. (1978)'observed that the ox is preferred to the 
sheep and goat; many flies attempted to feed on the 
two smaller species, but were prevented from doing so 
by the host's vigorous defensive reaction. 

The whole observation shows that tsetse exhibit 
preferences for certain wild animals. But domestic , 

animals may support large tsetse populations in the 
total absence of wild animals (Boyt, 1978). 

FEEDING BEHAVIOUR 
Tsetse males take smaller blood meals than females 

(Buxton, 1955). G .  pullidipes males, fed on oxen in the 
field, ingested on average 53.9 mg blood and females 
76.0 mg; for G .  " m a r i s ,  the weights were 37.3 and 
62.3 mg respectively (Taylor, 1976). G .  tuchirioides, the 
smallest tsetse species, took in the laboratory 7.39 mg 
(males) and 1 1.92 mg (females) (Gruvel, 1975~). 

G .  pullidipes males from two areas of Kenya took 
blood meals of the same size with the same frequency 
in the laboratory. Females from the Kenyan coast took 
more frequent blood meals than those from the Rift 
Valley; but there was no difference in the average size 
of blood meals; in the field, coast females had more 
fat reserves than the Rift Valley ones. This could indi- 
cate interpopulational diversity with a genetic basis 
(Etten, 1979). 

The time tsetse take their first blood meal is im- 
portant from the epidemiological point of view since 
the T brucei subgroup is able to infect flies only if 
they are ingested on the first 2 days after emergence 
(Wijers, 1958). G .  tuchirioides took its first blood meal 
at about 48 hr after emergence in the dry season. In 
the rainy season males and females waited up to 3 
and 4 days respectively before feeding; but some of 
them could wait up to 6 days (Laveissière, 1975). 

G .  p .  pulpalis (Van Wettere, 1975) and G .  p .  gam- 
hierisis (Challier, 1973) can remain teneral for 3-5 
days. G .  tuchinoides can take two blood meals in 24 hr 
during the dry season; in the wet season some flies fed 
again the next day after feeding. Usually males did 
not wait for being hungry to feed again; thus their 
hunger cycle was 48 hr, whereas females fed at inter- 
vals of 4 days, i.e. twice during each interlarval period. 
About 6% of active flies were in Jackson's stage I 
whereas the resting section of the population con- 
sisted of a high proportion of gorged flies: 79"/:, in 
females, and 73'2, in males (Gruvel, 1975~). According 
to Laveissiire and Boreham (1976) a quarter of the 
population had to feed again soon after a blood meal. 
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The percentage of gorged flies was less than 4% in the 
wet season and highest in the cold season with about 
15 and 9% for males and females respectively. The 
percentage of gorged flies was positively correlated 
with the daily evaporation and temperature range- 
and negatively with r.h. In addition, the higher the 
proportion of males fed on reptiles, the higher the 
percentage of gorged flies (Laveissière, 1977a). 

There was no evidence that G. palpalis was hungrier 
in the dry than in the wet season, but males were 
hungrier a t  a bridge than in a gallery forest (Van 
Wettere, 1975). Experiments with release of marked 
flies showed that during the wet season G. p. gam- 
biensis males became intermediate on the second day, 
and hungry on the third day of the hunger cycle 
(Challier, 1973). Rogers (1977) estimated the feeding 
interval of G. f: fuscipes to be 4 days for‘ males, as 
indicated from the fairly regular peaks obtained in the 
recapture rate. With the same method, the hunger 
cycle of G. m. morsitans males was found to be 
3.5-4 days and that of G. pallidipes males, 5 days 
(Taylor, 1978). Phelps and Vale (1978) gave almost the 
same values (3.7 and 5.5 respectively). For the latter 
species, Snow (1980a) mentioned two peaks of respon- 
siveness to traps in nulliparous females, which seems 
to indicate that this species takes two blood meals 
before the first ovulation, and possibly three or four 
meals during each cycle of larval development. The 
levels of fat, residual blood meals and residual dry 
weight (RDW) seem to indicate that females feed once 
at the beginning of each cycle, once when the larva is 
approaching the moult from the second to the third 
instar and once during the middle of the third larval 
instar (Rogers and Randolph, 1978b). In the last 
2days of their pregnancy cycle, females are appar- 
ently unavailable probably due to their reduced flight 
activity (Randolph and Rogers, 1981). The haematin 
content of males can give a reasonably accurate 
measure of the time since their previous blood meal; 
the fat level may trigger the onset of feeding behav- 
iour (Randolph and Rogers, 1978). 

G. m. morsitans, infected with T ( T )  brircei probed 
more frequently and fed more voraciously than unin- 
fected flies (Jenni et al., 1980). It was found that trypa- 
nosome-labrum mechanoreceptor interactions and 
the effect of trypanosomes on the flow rate of the 
blood are responsible for this (Livesey et al., 1980; 
Molyneux and Jenni, 1981; Molyneux et al., 1976). 

SEXUAL BEHAVIOUR 
Laboratory observations have been made on G. 

pallidipes female receptivity, male insemination ca- 
pacity and mating behaviour in relation to age (Jaen- 
son, 1978a, b, 1979a, b, 1980; Rogers, 1973a, d). There 
was an indication that copulation duration differed 
between allopatric populations of G.  pallidipes (Jaen- 
son, 1979a, b; Etten, 1981b, c). 

The discovery of the existence of a contact sex- 
pheromone in tsetse (Langley, 1974; Langley et al., 
1975) is undoubtedly going to throw some light on 
the sexual behaviour of these insects. Laboratory 
studies have already provided indications on the 
chemicals, their concentration, production and mode 
of action at both specific and interspecific levels 
(Langlèy et al., 1975; Carlson et al.; 1978; Huyton et 

al., 1980a, b). One of these compounds ,has been syn- 
thetized (Ade et al., 1980). Schlein et al. (1981a) have 
shown that homosexual activity is prevented by 
‘abstinon’ substances on the cuticle of male flies. They 
also described (Shlein et al., 1981b) receptors, 
arranged in two pairs on the inner and outer sides of 
the proximal end of the tibia of legs in G.  m. morsitans, 
involved in perception of the sex-pheromone, whereas 
sense organs for abstinon perception are located on 
the tarsi. Decoys used in various experiments have to 
be of the right size (Huyton et al., 1980a), which indi- 
cates that visual stimuli are also involved in the pro- 
cess preceding the contact between male and female. 

Jaenson (1979a) noticed that sexually appetitive 
male G. pallidipes, assembled on a moving vehicle, 
darted towards passing females ; sometimes females 
were seized in flight and the pair disappeared into the 
thicket. This author also noticed that females kept 
their wings close together while males held theirs a t  a 
small angle from the body. The opinion of the present 
author is that these findings raise the question of 
whether males recognize females in flight or whether 
they dart onto any tsetse and seize it after having 
recognized it as a female, after contact-and whether 
males recognize a female posture when mating on the 
host. 

G. pallidipes females are fertilized near their host 
(Saunders and Phelps, 1970; but in several species 
most teneral females are already inseminated when 
coming to take their first blood meal. Further studies 
are indeed needed to give a precise time and place of 
mating in the wild. This might be investigated in 
recognizing recently inseminated flies by the presence 
of spermatophore (Pollock, 1970), although the latter 
is rather rapidly expelled-most inseminated females 
G. pallidipes had expelled the spermatophore by 24 hr 
after mating; and a high proportion of them within 
3 hr from the termination of copulation (Jaenson, 
1979a). 

In the laboratory, successful insemination occurred 
on the second mating (Kawooya, 1977). Pinhao and 
Gracio (1973) observed that the degree of impregna- 
tion of spermathecae in bred G. austeni increased 
after two matings. In the field, increasing proportions 
of full spermathecae in nulliparous female G .  p.  gam- 
biensis, and a slightly decreasing proportion in old 
parous ones seem to indicate multiple insemination 
occurs at least before the first ovulation (Challier, 
1973). Jaenson (1980) also suggested that multiple 
insemination occurs in G.  pallidipes nulliparae. Rogers 
(1973~) described a method for gauging the frequency 
of multiple mating in the field; he concluded that a 
second mating is not necessary. 

In G. m. morsitans (Madubunyi, 1975; Okiwelu, 
1977c; Vale et al., 1976), G. m. subniorsitans (Diallo, 
1979), and G. p.  gambiensis (Challier, 1973), high pro- 
portions of teneral females are inseminated. No G. 
pallidipes female which had not yet fed was insemin- 
ated (Vale et al., 1976). However, Jaenson (1980) 
found 0.4% of tenerals inseminated among females 
caught on a vehicle, and 1.2% among those caught in 
traps. Snow (1980a) mentioned that mating takes 
place between days 4 and 6 after emergence. Two- to 
four-day-old females were all virgin whereas the 
majority of non-tenera1 nulliparae, 6-8 days old, were 
inseminated. According to Vale (1974b) and Jaenson 
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(1980) nulliparous females may visit baits not to feed 
upon but to find males. 

The insemination rate was correlated with the 
population density; it was lower in low-density popu- 
lations than in high-density populations (Snow, 1980a). 
After sequential insecticide treatments, it was 
10-12 days before a fertilized female G. ni. centralis 
was seen. This means that young males were not able 
to inseminate females as successfully as older ones, as 
shown in the laboratory (Davies, 1978). 

LARVIPOSITION 
Under laboratory conditions with a 12: 12-hr 

photo/scotophase, larviposition occurred in G. ni. 
morsitaiis pregnant females in the late afternoon with 
a peak 9-10 hr after the lights went on-but the peak 
was different with different photo/scotophases. 

It appeared that larviposition is a rhythmic activity 
controlled by light (Phelps and Jackson, 1971). Den- 
linger and Ma (1974) found that the acme of larvi- 
position activity occurred between 16.00 and 17.00 hr, 
i.e. 9 hr after the lights went on. However, this rhythm 
can be affected by a fly-maintenance disturbance 
factor which advances larviposition by some hours 
(Nash and Trewern, 1972). 

In laboratory experiments, pregnant females were 
attracted to shade cast by horizontal surfaces, simple 
and unbroken black areas, and subterranean cavities; 
there was an indication of a preference for larger par- 
ticles (Rowcliff and Finlayson, 1981), but there was no 
evidence of a larval pheromone as assumed by Nash 
et al. (1976). Field observations showed that most G. 
pallidipes and G. f: fuscipes puparia were deposited 
not in deep shade but at places with a mean light 
intensity of 1.6 Weston Master II  units for the former 
and 1.2units for the latter. In the laboratory no 
puparia were found at 0.4 units (Okoth, 1981). 

It is difficult to observe larviposition in the wild. 
Phelps and Jackson (1971) found a higher proportion 
of larvae and undarkened puparia around 17.00 hr 
than at other times of the day. They deduced that 
under summer conditions in Zimbabwe the major 
part of total larviposition occurred in the late after- 
noon. Some flies which could not lay their larvae 
before nightfall might do so on the following day. In 
winter, larviposition would take place earlier than in 
summer. 

POSSIBLE INTERCOMMUNICATION IN 
TSETSE POPULATIONS 

The onomatopoeic name of ‘tsetse’ shows that 
sound is a popular characteristic of Glossina. How- 
ever, in the past, few studies have been devoted to the 
sounds produced by tsetse (Mulligan 1970). During 
the last decade, an increasing interest showed itself for 
elucidating how tsetse produce and perceive sounds 
and what sort of sounds they produce. The most intri- 
guing question is the significance of these sounds as 
signals. Tsetse appear to congregate at certain phases 
of their life for feeding and mating (following swarms). 
This social aspect of tsetse populations supposes that 
an underlying communication mechanism exists. 

Sounds are produced mainly by friction of parts of 
the pterothorax and by vibration of the pterothorax 

area (Chowdhury and Parr, 1981). The various 
sounds, namely mating, pre- and post-feeding sounds, 
produced seem to indicate that a system of conven- 
tionally coded signals exists (Kolbe, 1972, 1973; Erick- 
son and Merller, 1975a, b;  Saini, 1981). Rudrauf (1977) 
showed that the emission of various pitch frequencies 
accompanies successful and unsuccessful attempts at 
mating. Vanderplank (1948) had already observed 
specific differences in sounds produced. These sounds 
are different in males and females. Unfed flies per- 
ceived and reacted to the sound produced by gorged 
flies of the same species placed in another cage for up 
to 30 min after feeding (Popham et al., 1978). 

Both males and females exhibited a clear U-shaped 
pattern of singing activity, with a morning peak 
higher than the evening peak in G. m. morsitaiis (Saini, 
1980a). However, it would seem that sound produc- 
tion may be a direct response to exogenous factors; in 
any case, it is not a by-product of other activities, but 
probably an activity controlled by the nutritional 
state of the fly (Saini, 1981b). 

Laboratory studies have shown that tsetse react to 
sounds produced by other flies, Should sounds eventu- 
ally prove to be aggregatory stimuli, then it may be 
possible to improve the performance of trapping 
devices by incorporating sound recordings. The 
advantage of this sampling method would be that 
resting flies might be stimulated, whereas they cannot 
be attracted to trap devices based on visual attraction 
alone. Furthermore, sound is a phenomenon of an 
undulatory nature that is transmitted in an isodia- 
metric way in space and its range might be larger 
than that of other stimuli; odour-baited traps can 
attract tsetse from the upwind direction only. 

TSETSE POPULATIONS 

Populatiopi sampling niethods 

Glasgow and Phelps (1970) as well as Glasgow and 
Potts (1970) described different methods of popula- 
tion sampling used in tsetse ecology and control. 

During the last decade, trapping became the most 
favoured sampling technique owing to such advan- 
tages as the possibility of sampling populations at 
several places at the same time, suppression of human 
factors and the use of standard materials. 

Challier (1977) reviewed trapping technology in- 
cluding the description and performance of various 
traps and screens, the use of attractants and tsetse 
behaviour in relation to trapping. Among traps 
recently designed, the box screen of Langridge (1977) 
and the awning screen skirt of Moloo (1973b), a 
modification of the awning screen of Swynnerton 
(1933), proceed from the same catching principle as 
the trap of Harris (1930), i.e. a dark attractive surface 
and vertical movement of flies to enter the trap body. 
The biconical trap (Challier and Laveissière, 1973) 
and the variants of the vertical vane trap of Hargrove 
(1977) differ from these traps in that the dark attract- 
ive surface lies inside the trap body and flies enter the 
trap horizontally. The beta trap of Vale (1981b) con- 
sists of an upright triangular prism with a V-shaped 
black screen at the entrace. In addition to these traps 
specifically devised to catch tsetse, other traps have 
also been used; Woof (1973b) and Kangwagye (1971) 
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used a Fredeen’s trap, and Snow (1979) a Malaise trap 
with minor modifications. 

England and Baldry (1972b) noticed that the per- 
formance of Langridge traps declined if they remained 
in any one position for more than about a month; a 
new trap can catch up to 23.5 times as many tsetse as 
old traps. Challier et al. (1977) improved the perform- 
ance of the biconical trap by replacing the white 
lower cone by a dark blue one. Further experiments 
showed that royal blue was a more efficient colour 
than purple, violet, white and other nuances of blue; 
in addition, smaller traps were as efficient as the nor- 
mal sized device until reduced by a third, and col- 
oured and revolving screens used with a cylindrical 
variant of the trap did not increase performance sig- 
nificantly (Gouteux et al., 1981). Frezil and Carnevale 
(1976) used dry ice as an attractant; the number of G. 
J: quanzensis increased 40 times. To facilitate the con- 
struction of the biconical trap Ferrara (1979), Laveis- 
sière et al. (1979a) and Ryan and Molyneux (1980a) 
supplied detailed constructional information. Ryan et 
al. (1981a) described a device of the trap which incor- 
porates an electrocuting grid to stun flies; flies fall via 
a funnel into a preservative in a tube segregator which 
separates samples at various intervals of time. 

Comparative studies in Uganda showed that 
Moloo’s AS-S trap performed better than the Lang- 
ridge and Swynnerton traps (Moloo, 1973b). In 
Kenya, Etten (1981a) found that the former gave less 
variation in the numbers of G. pallidipes caught than 
the other; he also found that the difference in trap 
efficiency was related to the behavioural difference 
between two different populations. Further experi- 
ments showed that Langridge and Moloo’s traps 
caught more G. pallidipes than the sky-blue biconical 
trap, but when the colour of the latter was changed to 
dark blue it performed better than the other traps 
(Owaga, 1980a). Two white and blue screens revolving 
around the base of the biconical trap proved to be 
less efficient than a stationary trap; however, when 
the fly-flap effect was reduced by using a speed of 
20 rev/min with stops at intervals, the performance 
was near that of the stationary trap (Owaga and 

According to Hargrove (1977) the performance of 
traps is difficult to judge from the literature and SES 
are seldom quoted. He, and Vale and Hargrove 
(1979), described a method to indicate rapidly and 
reliably the efficiency of a trap compared to the effi- 
ciency of an electrocuting system known as having a 
high performance. This method involves the use of an 
incomplete ring of electric nets surrounding the device 
to be tested with odours. Efficiency is then calculated 
as the percentage of insects that arrive near the 
device. 

Using this method, Hargrove (1980b) showed that 
biconical-type traps had efficiencies estimated as 
being 4&80% in the presence of ox odour as against 
75-90% for a small electric net. Hargrove’s A and C 
traps had the same efficiency as the biconical trap but 
caught more G. pallidipes females (probably due to 
the large difference in the size of the traps). Previous 
experiments showed that the efficiency of the Morris 
trap was less than 10% and that of Moloo’s trap 
1525% (Hargrove, 1977). 

In addition to traps, screens have been tried. Lam- 

’ Challier, 1981). 

brecht (1973) assessed the performance of sticky solid 
panels of different colours and colour combinations. 
The white screen gave the best results probably 
because of its high contrast with the environment of 
G. m. centralis. Woof (1973b) used wild animal skin, 
black hessian and screens made sticky with the so- 
called ‘Cardium compound’. Ryan and Molyneux 
(1980b) tested a variety of non-setting adhesives and 
gave useful information on 29 products. Challier and 
Gouteux (1978) used blue cloth screens impregnated 
with deltamethrin; there was an indication that G. 
palpalis was attracted to the screens in such a way 
that the tsetse population was affected. Further trials 
demonstrated that traps and blue screens proved to 
be means of controlling G. palpalis and G. tachinoides 
(Laveissière et al., 1980; Laveissière and Couret, 
1981). 

A shiny surface such as that produced with sticky 
deposits reduced the alighting response by about 40%. 
Sticky screens caught more flies when on the back of 
man and most flies were stuck on the curved sideS.of 
the cylindrical ‘model’ (Vale, 1974a). The striped pat- 
tern of this model was significantly less attractive than 
a uniform colouration (Waage, 1980). Jaenson (1979a) 
noticed that males attracted to a grey blanket on a 
slow moving vehicle divided into two groups, those 
in the head-up position on the lower part of the 
blanket, and those on the upper part; the former 
probed the blanket while the latter were darting onto 
females. 

Langley ‘et al. (198 1) used black screens baited with 
surrogate female decoys impregnated with the G. m. 
morsitans sex-pheromone; male G. m. niorsitans re- 
sponded to decoys but copulatory behaviour was inter- 
rupted by other flies and as soon as the screen ceased 
to move. There was an indication that the pheromone 
may not be of value in improving sampling methods 
for this species. 

Vale (1972, 1974a, 1978) devised several electric sys- 
tems to stun flies colliding with them: the ‘model’ [a 
horizontal cylinder of metal or fibreglass which may 
be mobile, trays to catch tsetse alighting on the 
ground, electric nets to catch tsetse near baits, electric 
decoys, an electric pen (a large circular cage to cap- 
ture tsetse flying towards a host animal) and an elec- 
tric grid worn on the back]. When the linear dimen- 
sion of tHe ‘model’ was increased three-fold, the 
number of flies visiting it was higher than with a 
smaller model (Hargrove, 1980a). 

Rogers and Smith (1977) designed an electric back- 
pack. This portable electric grid caught up to four 
times as many G. palpalis as two men with hand nets 
along fly-rounds; results for G. tachinoides suggested 
that a small electric surface at a low level on the bait 
could be a more convenient method of capture. This 
trap can catch sections of tsetse populations that 
other methods cannot catch. It might be useful in 
studies of the nutritional state and behaviour of tsetse 
(Rogers and Randolph, 1978a). Allsopp and 
Muhammed (1977) modified the electric back-pack to 
make it lower than the previous device so that tsetse 
alighting between angle and waist height can be 
readily caught. 

Comparative studies on G. m. centralis showed that 
a double vehicle-mounted electric grid (VET) with a 
black nylon mesh between two grids performed better 
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than a single VET. The double VET caught signifi- 
cantly more females than a two-man hand net team. 

Back-pack and hand net teams did not capture sig- 
nificantly different numbers of flies; and electric grids 
around a revolving cylinder with a long black strip 
showed the same performance as the biconical trap 
(Mohammed and Allsopp, 1981). 

Vale (1971) used various artificial refuges such as 
boxes, metallic drums, concrete pipes, trellises, 
thatched huts and wigwams with some trapping sys- 
tem attachments. Tsetse entered them when the tem- 
perature was high, but females did not use these 
refuges as larviposition sites. 

Various chemicals and natural substances were 
tested as attractants (Challier, 1977). Use of pig skin 
pieces and scratching in the biconical trap, as well as 
paper impregnated with larval secretions, had no sig- 
nificant effect in catching G. palpalis (Gouteux et al., 
198 1). Vale (198 1 b) reviewed prospects for using baits 
as means of control and population sampling. Recent 
progress has been made to utilize bait odour. Vale 
and Hargrove (1975) devised a system to release bait 
odour, mainly of oxen, placed in a ventilated pit near 
a stationary visual target. They determined the con- 
centration of livestock odour to reach the maximum 
level of catch for G. m. inorsitans and G. pallidipes 
(Hargrove and Vale, 1978); up to 7000 tsetse were 
caught in 3 hr. Odour-baited traps were so effective 
that one trap per 10 km2 could produce effective con- 
trol of G. pallidipes (Hargrove and Vale, 1979). Using 
the odour of six oxen increased the efficiency of the 
biconical trap by a factor of 1.2-2.2 (Hargrove, 
1980b). Vale (1981a) noted an effect of host diet 
on catch performance; a fattening diet produced a 
several-fold i-ncrease in tsetse catches. 

High dosages of carbon dioxide Y alone 
(2.5-15 l./min) and acetone alone (0.3-300 g/min), used 
as attractants, increased catches of G. tn. inorsitans 
and G. pallidipes by up to 6 times, with a ‘model’, a 
biconical trap and a walking party. Lower doses of 
carbon dioxide (2.5 l./min) plus acetone (15 g/hr) were 
about half as effective as ox odour when used with an 
electrocuting trap plus target. A dose of 15 l./min car- 
bon dioxide plus 300g/hr acetone was not signifi- 
cantly different from ox odour. Various chemicals 
such as short-chain ketones, formaldehyde and pro- 
pionaldehyde were attractive to tsetse whereas long- 
chain ketones, heptaldehyde and caproic acid were 
repellent (Vale, 1980b). 

Turner (1971) had already observed in the laboratory 
that a human odour concentrate did not activate G. 
morsitans. Field experiments, using electric screens 
surrounding an ox, demonstrated that catches of G. 
pallidipes and, to a lesser extent, those of G. niorsitans 
were depressed by the presence of man (Vale, 1974b). 

In addition, man’s presence inhibited the landing 
response of many flies that approached an ox (Har- 
grove, 1976). Poor attractiveness to man would seem 
to be general feature of savanna species; a higher 
number of G. pulpalis were caught on man than G. 
longipalpis, whereas a higher number of the latter 
were caught on oxen (Falana, 1974). In an attempt to 
determine the repellent element from man, Vale (1979) 
faund that human breath added to ox odour reduced 
all catches slightly; most or all of the repellent from 
man was present in body odour. However, a synthetic 

body odour concentrate did not affect catches signifi- 
cantly whereas L-lactic acid did so. 

Comparative studies on various methods of popu- 
lation sampling have been carried out. A calf was 
found to be the most attractive bait with more than 
50% of the total G. pallidipes catch. When the calf was 
removed, almost equal proportions of flies were 
attracted to man, sheep, goats and traps. The Lang- 
ridge trap caught a number of tsetse approximately 
20 times that caught by the corresponding patrols 
(England and Baldry, 1972b). The average daily 
catches of G. ni. niorsitans with a foot-patrolled fly- 
round were about half that of vehicle patrols, while 
the performance of traps was very low-six biconical 
traps caught on average twice as many G. tachinoides 
as two fly-boys who captured tsetse off a black screen 
along a fly-round (Turner, 1980b). 

The same species was caught in greater number by 
the biconical trap than by handcatching and an elec- 
tric back-trap in an area with a high density of flies, 
but handcatching was found to be more suitable in 
areas with low tsetse densities and for blood meal 
collection (Koch and Spielberger, 1979). 

A standing car collected significantly more G. palli- 
dipes than traps (Etten, 1978); furthermore, Jaenson 
(1978a) observed that the number of tsetse collected 
on a vehicle was less variable than, those collected 
with traps. Observations suggested that the vehicle 
attracted tsetse for other reasons than the trap; it 
probably attracted flies in search of food and a mate, 
whereas traps caught flies primarily in search of shade 
to find larviposition and resting sites or food. 

Glasgow and Phelps (1970) think there is reason- 
able certainty that trap catches are a less biased 
sample than man catches. Ford et al. (1972) pointed 
out that what is measured when baits are used is the 
response of tsetse to the bait; this varies with the time 
of day, season, climate and behaviour of the bait. 
Traps have the advantage that once in position they 
are at work throughout the day, several days a week 
(Glasgow and Phelps, 1970). As traps are now used, it 
is necessary to know to what extent they can give 
representative samples of tsetse populations. 

Turner (1980b) found that biconical traps and 
black-screen capture closely approximated the daily 
temperature profile in sampling G. tachinoides; the 
same was true for G. niorsitans with screens, but 
results from vehicle patrols presented a different pic- 
ture of activity. The activity of G. pallidipes showed 
itself in a biphasic pattern with a high morning peak, 
a midday depression and a late-afternoon peak when 
using a moving vehicle; with traps, the activity pat- 
tern was unimodal with all categories of flies; more- 
over, seasonal differences were less prominent com- 
pared to vehicle catches (Jaenson, 1978a). Etten 
(1981~) concluded from his studies that the activity 
patterns obtained from a stationary car and from 
traps showed only minor differences. 

The sex-ratio at emergence is probably around 50% 
although a possible sex-differential mortality might 
occur in the field, particularly under dry and hot con- 
ditions when male puparia, smaller than female ones, 
are more susceptible to water losses. In adult popula- 
tions, the true sex-ratio is expected to. exceed 1:  1 in 
favour of females, owing to a  longer^ lifespan of this 
sex compared to the other. According to Glasgow 



Table 5. Percentages of females (or males/females) caught by various sampling techniques 

Country and 
Species/subspecies area Habitat Trap and screens Handcatching and others Baits and vehicle Reference 

G. m. morsitans Mozambique S. woodland 
Tanzania S. woodland 
Zimbabwe Clearing 

Woodland 

Riverine + 
mopane 

Large tree 
(September-November) 

G. m. centralis Zambia S. woodland 

G. m. submorsitans Gambia 
Mali 

G. pallidipes ~ Kenya 
Lambwe Valley 

Kibwezi 

Nkruman 

Nkruman 
Mwalewa 
Tanzania 
Uganda 
Lugala 

Western 

Zimbabwe 

S. woodland 
N.G. 

Clearings 
Thickets 

Bushland 

Bushland 
Thicket 
Six areas 

Semi-deciduous F. 
F. 

F. margin 
Grassland 

Clearing 
Woodland 
Large tree 

Riverine/mopane 

L:74 CLw:83 

EN:7.1 ENm:9.3 
EN:7.8 ENm:4.8 

mes, :47.5 
s :(O. IO) 

EN:6&75 

EPB* :24.4 
ES/V* :30.8 

M1:43.6, 
CL :50-75 

L :63.9-72.3 
L:58 

CLs:54.9 CLW :59 
Mo:ca. 49 CL:45.8 

CLs:47.8 CLw :44-53 
Lz37.7 Mo:36.6 
L 56.7 Mo 50.2 

L :50 

S:72 L:81.9 Moz77.3 
L:75.2 

L:74.9 F:74 
L:78.5 F:80.1 

EN:65.5 
EN :62 

S :(0.85) 
EN ~63-74 

HC* :23 
HC* : I O  

HCm* :20.2 
R:(1.55) D:(0.04) 

P:(1.40) 
R 55-77 
Ps:3 1-71 
HC* : 10.9 

HC*:8.1 

HC* : 18.9-33.4 

HCr*:34 

ENm :61.4 
ENm:58.5 
Ps : 73-74 

P:(2.46) R :(1.78); 

V*:39 Turner (1980b) 
v*:51 Ford et al. (1972) 

Vale (1980a) 

m:JM :30.4 Vale (1972) 
Vale et al. (1976) 

? 

V&:43.4 Randolph and Rogers (1981) c 
V:":,,:26.2 5 

4 0.14-26; 0*:15-19 Phelps and Chapman (1980) . 
> 
r 
m 

Snow (1979) 
Diallo (1979) 

England and Baldry (1972b) 
Owaga (1980a) 

Etten (1981b) 

Moloo et al. (1971) 

Moloo (1973b) 
Kangwagye (1971) 

Bk52.4 
B :44.6 

Vale (1980a) 

0:42-51 Phelps and Chapman (1980) 
D :(7) Vale et al. (1976) 



- G. swynnertoni 
w G. p .  palpalis 
b 

G. p .  gambiensis 

G. j :  ,fiiscipes 

G. 1: quanzensis 

G. tachinoides 

G. caliginea 

G. fuscipleuris 

G. medicorum 

Tanzania 
Cameroon 

Douala 
Yaounde 

Ivory Coast 
Vavoua 

Nigeria 

Upper Volta 

Uganda 
Western 
Lugala 

Congo 
Couloir 

Ivory Coast 
Northern 
Niger 

Nigeria 

Cameroon 
Douala 
Uganda 
Western 

Upper Volta 

Six areas 

Near mangrove. 
Waterholes/streams 

Village 
Plantation 

Stream 
F. 

Villages 
F. edge 

Plantations 
Stream 

Gallery F. 
S.G./D.S. 

N.G. 
S.S. (river banks) 

F. 
+ undergrowth 
- undergrowth 

F. glade 

Various 

Village 

Gallery F. 
Gallery F. 
Gallery F. 
Gallery F. 

Near mangrove 

Grassland 
F. 

Komoe River 

L :47.0 

CL:67.4 
CL:76.6 
CL:56.5 
CL :32 

CL:68.7-84.3 
CL :50-74.2 
CL:46-73.6 
CL :5&57 

CL:44 EPB* :28 
CL:36 EPB*:64 

EPB:39.7 EPB*: 32.5 

CLw:55.7 
CLw:58.9 
CLw:66.9 

L:44.3 
L:54.3 s:49.7 

Mo:61.8 

CL:53.8 

CL ~40.7-77.6 
CLW :39 

CL :36 EPB* :75 

HCr* 5.2 

HC* : 13-42 

HC* :32 
HC* :38 

HC*:28.7 HCs:28.9 

HC328.2-44.6 
HCs* :49 
HC* :39 

HC51.1 HCs*:44.2 

HC* : 1-8 

L:75 

CLw : 64 

C:20.3 Moloo et al. (1971) 

Eouzan and Ferrara (1978b) 

Challier and Gouteux (1980) 

Koch and Spielberger (1979) 

Rogers and Randolph (1978a) 
Challier and Laveissière (1973) 

BK:22.9 Kangwagye (1971) 
Moloo (1973b) 

Frezil er al. (1979) 

Challier and Laveissière (1973) 
Turner (1980b) 
Koch and Spielberger (1979) 
Rogers and Randolph (1978a) 

Eouzan and Ferrara (1978b) 

B :20 Kangwagye (1971) 
BK:42.4 

Baldry and Molyneux (1980) 

Baits: B: buffalo; Bk: bullock; C: cow; M: man; m: model; O: ox; V: vehicle; in/out: catch inside/outside vehicle. Handcatching: HC: handcatching; HCr: random; HCm: HC 

Screens: EN: Vale’s electric net; ENm: EN with a model; EPB: electric backpack of Rogers and Smith; ES: electric screen; S/V: screen mounted on vehicle. 
Traps: CL: Challier and Laveissière’s (CLs: sky blue; CLw: white); F: Fredeen’s; L: Langridge; M1: Malaise; Mo: Moloo’s; S: Swynnerton’s. 
Others: D: decoy; Ps: ventilated pit with an electrocuting screen; R: refuge. 
Vegetation: F: forest; S: savanna; N.Ç: Northern Guinea Savanna zone; S.G: Southern Guinea Savanna zone; S.S: Sudan Savanna zone; S.G./D.S: Southern Guinea Savanna 

zone/derived savanna limit. 
* Mobile bait or screen. 
st: sticky material. 

with a model; HCs: HC with a screen. 



I18 A. CHALLIER 

(1970) true female percentages would not be far from 
78% as observed in trapping G. pallidipes. Recent data 
obtained from various sampling methods are sum- 
marized in Table 5. Owing to the complexity of cer- 
tain experiments it was not practicable to tabulate all 
data. 

From Table 5, it appears that the sex-ratio is very 
variable with different sampling techniques. In gen- 
eral, traps catch more females than males. Handcatch- 
ing and mobile baits give very biased samples, par- 
ticularly for the species of the morsitans group. G. 
pallidipes and G. m. morsitans population sampling 
from all mobile baits were biased, whereas those from 
stationary baits other than man and also ox-baited pit 
and refuge catches were representative samples of the 
inactive population with 70% of females (Vale, 1974b; 
Phelps and Vale, 1978; Vale and Phelps, 1978). The 
sex-ratio may also vary with catchers. When catching 
G. p .  gambiensis skilful fly-boys caught a higher pro- 
portion of males than others did; the number of 
females caught however did not differ too much 
(Challier, 1973). The sex-ratio varies with trapping 
sites. In several observations, more females were 
caught in trapping sites which were more open. This 
is probably to be related to the feeding behaviour of 
tsetse. Higher percentages of males in or near breed- 
ing sites might indicate an excess of males due to the 
prominence of the sexually appetitive fraction of this 
sex. This would explain the high proportions of 
teneral females already inseminated when caught 
searching a host for the first time. Finally, the true 
sex-ratio would seem to be in the region of 60-70%. 

Taking into account that females deposit one third- 
instar larva roughly every tenth day and that a larva 
is either a male or a female, percentages of teneral 
flies of each sex in a stable population should be 
about 5% of parous female numbers. Fluctuations in 
population size, pupal mortality, teneral mortality, 
pupal stage duration and interlarval period, all com- 
bined together, make the proportion of teneral flies 
different from the expected proportion. Higher per- 
centages of tenerals in males than in females is the 
general pattern except for G. morsitaris whatever the 
sampling method used, as shown in Table 6. Gate- 
house (1972a) found in the laboratory that teneral 
males were more responsive to a moving object than 
teneral females. Etten (1981b) stated that this differ- 
ence also occurred with stationary objects such as 
traps in the wild. As far as females are concerned in 
Table 6, the values observed as being closest to the 
theoretical percentage are the ones from samples col- 
lected from traps-but, in addition, these percentages 
may vary with trapping sites, particularly in species 
living in the forest or thickets. Ford et al. (1972) ob- 
served that the proportion of teneral male G. m. 
morsitans did not differ between samples obtained 
from a Land-rover and along a classical fly-round; 
this was not the case for females, the teneral and 
young sections of which predominated on the fly- 
round whereas tenerals formed 9.8% of female catches 
in the Land-rover. 

Mobile-ox, ventilated-pit (with ox odour) and rest- 
ing catches gave better samples of the age-groups of 
female G .  m. rnorsitaris than mobile electric screens, 
and mobile cloth screens, which did not yield enough 
old flies; for G. pallidipes, only ventilated-pit and rest- 

ing flies gave acceptable samples. Mobile baits were 
considered as a less effective method in sampling the 
teneral population (Phelps and Vale, 1978). The pro- 
portion of teneral G .  pallidipes was about twice as 
high in a vehicle sample as in trap samples; the latter 
contained older flies, mainly females, and especially 
porousfemales(Jaenson, 1978a).The same was observed 
by Owaga (1980b) regarding females. Different pro- 
portions of young/old G. pallidipes were caught by 
various traps or even by two variants (white and blue) 
of the biconical trap-the white one caught the high- 
est proportion of old flies, while the Moloo’s trap 
caught the highest proportion of young flies. Revolv- 
ing attachments to the biconical trap would seem to 
improve somewhat the age-composition of samples; 
the 20-rev/min trap caught the most tenerals (Owaga 
and Challier, 1981). 

From data of Denlinger and Ma (1974), obtained 
with G.  inorsitans bred at 2 5 T ,  the durations of in 
utero development stages, calculated as a percentage 
of the total reproduction cycle (about 9 days), are 
approximately 1, 42, 11, 22 and 24% for the empty 
uterus, egg, larva 1, 2 and 3, respectively. 

Furthermore, 80% of females fed on the first day of 
the reproduction cycle, 60% from day 2 until day 6, 
and none on the day of larviposition. These percent- 
ages may be compared to data from various studies as 
shown in Table 7. Regarding the empty uterus, rela- 
tively high percentages were sometimes recorded. 
Some authors considered females with an empty 
uterus as having aborted. It is difficult to agree that 
20% of females aborted in certain cases. As about 8% 
of females had still not ovulated 15 hr after larviposit- 
ion (Denlinger and Ma, 1974), a certain percentage of 
females with an empty uterus is expected to occur in 
field samples without meaning that these females have 
necessarily aborted. It seems that after larviposition 
females need to take a blood meal after nourishing a 
big larva; and this the sooner as females endure more 
unfavourable climatic conditions. Very high percent- 
ages of females with an empty uterus occurred in a G. 
tachinoides population sampled by handcatching and 
trapping a t  the same time-the former method gave 
percentages about twice as high as the latter which 
seems to indicate that abortion would not be particu- 
larly attached to trapping (Challier and Laveissière, 
1973). The same was shown in G. pallidipes samples 
from traps and a vehicle (Jaenson, 1980). It is likely 
that such variations should be related to the early 
post-larviposition behaviour of females. 

Another apparent abnormality is the low percent- 
age of females bearing a third-instar larva. Under field 
conditions these females are probably too heavy to fly 
long distances and when about to larviposit they are 
prone to  search for a larviposition site in shaded 
places rather than to seek a host in the open. Accord- 
ing to Saunders (1964), females mistake traps for 
larviposition sites. In Table 7, it appears that the 
proportion of females with third-instar larvae is 
higher in trap samples than in handcatching samples. 

Tsetse population sampling is based on the capture 
of the active fraction of populations. The classical 
view is that females are active when hungry and males 
when hungry or seeking females to mate-in the latter 
case males are not hungry and mingle ‘following 
swarms’. However, from Table 8, it would seem that 



Table 6. Percentages of tenera1 males and females in relation to sampling methods and sampling sites in various tsetse species 

Handcatching and screens Traps and refuges Baits and vehicle 
Species/subspecies Country and sampling site Males Females Males Females Males Females Reference 

G. m. inorsitans Mozambique 
Tanzania 
Zimbabwe 

G. m. submorsitans Gambia 
G. pallidipes Kenya 

Nkruman 

Mwalema 
Uganda 

.Zimbabwe 

G. palpalis Ivory Coast 
Vavoua i 
Stream 
Track 
Coffee plantations (2) 
Villages (2) 
Periphery 
Inside 

G. 1: jkcipes  Uganda 

G. tachinoides 
Ivory Coast 

La Léraba 

Niger HCs 51 
(June) HC 66.3 

HCs* 
HC* 
HC* 
ES* 
ES 

HC* 

ES 

CL 

62.4 
76 

10 10 
2.2 40.6 
8.6 46.2 
14.2 25.0 
0-25 0-2 

- 37.7 

0.30 0.9 

- 27.9 
- 20.8 
- 14.15 

ca. 5 
ca. 6.5 

S 10.0 9.6 
L 21.3 11.4 

Mo 21.7 9.8 

- 
- 

CLw 56.7 46.2 
CLw 60 25 

PR 3.1 4.4 

R 0-2 2-4 
P 0-6 0-15 

M1 - 10 

L 14.6 10.3 
Mo 11.9 10.9 

L 4.8 2.2 
Mo 5.3 2.2 
S 8.1 o. 1 
L 15.3 1.8 

Mo 10.7 2.7 

R 0-3 0-3 
P 3-9 2.7 

v* 9 10 Turner (1980b) 
V* 3.3 10 Ford et al. (1972) 
o* 12 23.3 Vale and Phelps (1978) 

O* 0.10 0-33 Phelps and Chapman (1980) 
o* 0-11 0-21 

Snow (1979) 

Etten (1981b) 

Moloo (1973b) 

O* 5-21 22-32 Phelps and Chapman (1980) 
O 6-21 6116 

Challier and Gouteux (1980) 

Moloo (1973b) ~ 

Challier and Laveissière (1973) 
Turner (198Ob) 

CL: blue Challier and Laveissière’s trap (CLw: white CL); ES: electric screen; HC: handcatching (HCs: HC with screens); L: Langridge trap; MI: Malaise trap: Mo: Moloo’s 

* Mobile bait or screen and fly-round, 
trap; O :  ox; PR: pit refuge; R: refuge; S: Swynnerton’s trap; V: vehicle; P:  ventilated pit. 



Table 7. Age structure of female samples in relation to sampling method and sampling sites (percentages) 

Country Sampling method Sample 
Reference Species/subspecies (month or season) or site T NTN N YP OP size 

G. m. inorsitans Zambia HC* 53.7 18.1 28.3 420 Madubunyi (1975) 

G. m. subtnorsitans Gambia (early dry) ML 10 4.8 40.5 44.8 210 Snow (1979) 

G. pallidipes" Zimbabwe (hot dry) V P + R  31.2 33.6 41.2 119 Phelps and Vale (1978) 

Zimbabwe (hot dry) VP$R 31.7 43.7 24.6 167 Phelps and Vale (1978) 

HC* 37.7 21.9 22.8 17.5 114 

G. palpalis Ivory Coast (dry) CL 
Stream 45 42 13 86 Challier and Gouteux (1980) 
Track 39 37.5 23.5 264 
Coffee plantations 40 29 31 84 

46.3 45.4 8.3 108 
Villages 
Periphery 20.2 43.3 36.5 104 

19.6 34.3 46.2 143 
Inside 6 16 77 31 

7 33 60 30 

April HC 43.5 17.5 - 20.1 18.8 154 
CLW 6.3 6.3 - 23.2 64.1 142 

July HC 39 28.6 - 20.2 12.2 392 
CLW 11.9 13 - 26.8 48.3 478 

G. rcichirioides Ivory Coast Challier and Laveissière (1973) 

T: tenerals; NTN: non-tenera1 nullipars; N: nullipars; YP: young parous (age-groups 1-3); OP: old parous (age-groups 4 and over). 
Sampling techniques: CL: blue Challier and Laveissibre's trap (CLw: white CL); HC: handcatching (Hs: HC with screens); L: Langridge trap; MI: Malaise trap; Mo: Moloo's 

*Mobile bait or screen. 
trap: O: ox; PR: pit refuge; R:  refuge; S :  Swynnerton's trap; V: vehicle. 

4 
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females with third-instar larvae are also active but 
would not come to catchers and moving objects, not 
because they would be seeking a host but because 
they would mistake traps as resting sites-this would 
agree with the fact that, in females, flight duration is 
limited to a few minutes. Females probably need tem- 
porary rests (Bursell and Taylor, 1980). 

Bursell (1961b) had shown how tsetse behave in 
relation to their nutritional status. Males pass 
through four phases of activity during the hunger 
cycle. These different categories of flies react differ- 
ently to various baits used in sampling. Further 
studies showed how nutritional status varies with dif- 
ferent vegetation types (Bursell, 1966). Randolph and 
Rogers (1978) suggested that the fat level may trigger 
the onset of feeding behaviour. 

Ford et al. (1972) studied the nutritional status of 
G. 171. morsitans collected on a fly-round. Flies caught 
off the groand tended to be heavier and to contain 
more fat than those caught on man. Head-up flies 

. tended to have only about half as much fat as ground 
flies; and head-down flies were in a state intermediate 
between that of the two previous categories. Head-up 
flies predominated among females, both post-tenerals 
and tenerals. The same relationship between nu- 
tritional state and behaviour was observed in G. palli- 
dipes (Jaenson, 1979a). 

Most flies sampled from stationary baits consisted 
of hungry flies whereas lCr25% from mobile baits had 
fed recently. Food-seeking flies did not distinguish 
between mobile and stationary baits (Vale, 1974b). 
Mobile baits (ox, man, screens) appeared to be heavily 
biased in terms of the absence of certain nutritional 
groups. A disadvantage with odour-baited traps is 
that only food-seeking flies are abundant in the catch. 
Seasonal variation in the length of the hunger cycle 
might influence the sampling efficiency (Vale and 
Phelps, 1978). 

Relying on the fact that the G. pnllidipes male inter- 
feed period was 6 days-which gives an expected per- 
centage of 16% fed flies in samples-Phelps and 
Chapman (1980) considered that large electrocuting 
nets gave reasonable samples of replete @es; refuge 
catches could give a good sample of replete flies but 
not consistently. No sampling methods used would 
give a good representation of the proportion of re- 
plete males in the cool and wet seasons. 

Traps caught non-teneral males and parous female 
G. pallidipes that had a small gut content and a larger 
abdominal fat body than the corresponding categories 
caught on a vehicle (Jaenson, 1979a). Fat reserves in 
flies collected in stationary systems (car and traps) 
were lower than that of flies collected with a moving 
system (car). But in another sampling area, the car, 
irrespective of whether ‘it was stationary or moving, 
collected flies with higher fat reserves than traps. The 
highest fat reserves were found in males collected 
from the groimd and from the vegetation after having 
followed a person walking on tracks or along thicket 
edges @ten, 1981b), G. palpalis males caught by 
screens had’m.ore fat and higher haematin levels than 
flies caught by hand net and electric back-pack-the 
same trends were seen in females but at higher ab- 
solute levels (Rogers and Randolph, 1978a). 

High proportions of G. m. centralis males were 
caught by different sampling methods in low-haema- 
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tin categories; however, the screens and the Land-rover 
caught flies with high and medium haematin levels 
and high fat contents; these flies that make only a 
fleeting visit to the bait were participating in the ‘fol- 
lowing swarm’. Hand nets caught flies with a lower fat 
content than the screens. An electric back-pack 
caught a few flies from the following swarm, while 
hand net operators that were able to catch a greater 
number of following swarm flies also caught high-fat 
flies from the vegetation. A combination of samples 
from electric traps and hand nets showed a frequency 
distribution along the corrected dry weight (RDW) 
axis remarkably similar to that observed for the first 
7 days of the laboratory pregnancy cycle (Randolph 
and Rogers, 1981). According to Brady (1975b) tra- 
ditionally measured parameters, namely hydration, fat 
reserves and gut content, all correlate less well with 
behaviour than does the duration of food-deprivation, 
and rile latter iess weil than abáominai weight ana 
total body weight. 

In order to assess variations in tsetse population 
size from place to place, and from time to time, it is 
necessary to standardize catches and to express abun- 
dance of flies with a catching unit. Nash (1933) intro- 
duced the concept of ‘apparent density’ which was 
later on related to various parameters such as activity, 
availability [concept introduced by Jackson (19493 
and the true density of the population (Buxton, 1955; 
Mulligan, 1970). Apparent density, defined as the 
number of non-tenera1 males caught per 10,000 yards 
of fly-round, has been used in the past. This unit is 
rather adapted to savanna species. As trapping is 
becoming more and more used, a suitable catching 
unit should be defined. Apparent density by trapping 
(ADT), i.e. the number of tsetse caught per trap per 
day, seems to be suitable for traps catching both sexes 
in reliable propor$ions. This unit takes into account 
the advantage of traps over a fly-round in that traps 
catch flies all day round at the same place, whereas 
catchers walking along a fly-round sample popula- 
tions during short periods of time and can miss the 
peak of activity at some places of the fly-round. Snow 
(1981a) used the geometric mean catch per trap per 
day. 

Trapping can be used for riverine and savanna spe- 
cies as well. Diallo (1979, 1981) used 20 biconical 
traps set up at regular intervals (200m) along each 
one of four transects across various vegetation types 
in a G. m. submorsitans fly-belt of south-eastern Mali. 
A detailed ecodistribution of G. palpalis in forests, 
interstitial savannas within and outside villages, and 
in plantations has been assessed in Ivory Coast (Chal- 
lier and Gouteux, 1980). Jaenson (1978a) observed 
that the number of G.  pallidipes collected in traps was 
significantly correlated with those collected on a car. 
He concluded that either traps or a vehicle may be 
used to estimate the apparent density, but that the 
vehicle method presumably gives the most satisfac- 
tory index of apparent density. However, it should be 
noticed that vehicles cannot, be used under any cir- 
cumstances, particularly for population sampling of 
riverine species. Etten (1981 b) showed that the trap 
relative efficiency depends upon the area and that dif- 
ferences in trap catches reflect differences in behav- 
iour of the flies in different populations. 

Some recent works seem to demonstrate that traps 

might have some advantages over other sampling 
methods. Foot patrols were found not to reveal any 
significant changes in the density of G. m. morsitans 
along a fly-round whereas Langridge traps indicated a 
local concentration of tsetse-catches by the biconi- 
cal trap were more evenly distributed. Vehicle patrols 
indicated a decreasing density eastwards (Turner, 
1980b). It would seem that trapping is more effective 
in detecting low population densities than other 
methods-probably owing to the fact that traps work 
all day round and for several days. Twenty-six G. m. 
nrorsitans were caught in 36 trap-days whereas none 
were caught off screens along a fly-round (Turner, 
1980b). According to Tarimo et al. (1970) trapping 
was more effective than handcatching for assessing 
the effectiveness of insecticide applications; decreases 
in G. pallidipes populations were shown to be more 
optimistic with fly-rounds than with Langridge traps. 
Fly-rounds faiied to show the presence of G. paiiidipes 
in an area where trap catches were positive-in ad- 
dition, traps caught one G. breuipalpis whereas ran- 
dom catches were negative (Moloo et al., 1971). More 
G. pallidipes, G.fiiscipes and G. palpalis were caught 
off a bullock by three catchers along a spiral fly- 
round than at random or when the bullock was taken 
out to graze (Okoth, 1975). 

POPULATION COMPOSITION 

Sex-ratio 

As the sex-ratio depends on the sampling method 
used (see under ‘population sampling’) this makes it 
difficult to know what is the actual value of this par- 
ameter in wild tsetse populations. It is usually agreed 
that the primary sex-ratio (i.e. the sex-ratio at emer- 
gence) is 1 :1 (Buxton, 1955; Mulligan 1970). However, 
studies on tsetse chromosomes (Maudlin, 1979) 
showed that sex is determined by the number of 
X-Chromosomes and that autosomes probably play a 
part in sex-determination. It was also suggested that 
sex-determination is controlled by a polygenic system 
and that sex-ratio-distorting factors are present in the 
tsetse genome. 

Riordan (1977) explained that the excess of females 
in samples collected in the field would be due to the 
fact that spermatozoa producing females are heavier 
than those producing males-if females spend most of 
their time resting head-up or horizontally, this would 
favour production of females. 

Several authors mentioned that females are in 
excess of males in open areas. The proportion of 
females to males was higher at a deflying picket than 
in transect-collected flies from adjacent woodland 
(Okiwelu, 1979). Percentages of females ranging from 
52 to 75% were recorded along trap transects through 
five vegetation types in a G. m. submorsitans fly-belt in 
Mali (Diallo, 1979). Traps always .caught more than 
50% of G. palpalis females in the forest zone of the 
Ivory Coast; the sex-ratio was higher in villages and 
open areas than in plantations and along stream 
banks (Challier and Gouteux, 1980). A constant 
excess of females over males was also observed in 
Congo (Carnevale and Adam, 1971); but during long 
observation periods in Zaire, Van Wettere (1975) ob- 
served a sex-ratio which varied with the season and 
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catching sites-the same was true for G. p. ganibiensis 
(Challier, 1973). Rogers and Boreham (1973) reported 
a percentage of G .  swynnertoni females decreasing 
from 45 to 20% with the tree cover while catches 
increased. 

In general, the more open the habitat of G. f :  quan- 
zensis, the lower the percentage of females, but this 
was not absolute (Elsen, 1973). A constant excess of 
males over females was also observed in G. ni .  cen- 
tralis (Lambrecht, 1972). 

From estimates of population size, the sex-ratio 
(fema1es:males) was found to be 1:1.98 in G. ni. 
morsitans and 1:3.26 in G.  pallidipes; the overall sam- 
pling appeared not to be selective for either species 
(Phelps and Vale, 1978). Several authors mentioned 
fluctuations in the sex-ratio throughout the year. 
Hargrove and Vale (1980) noticed a spectacular peak 
of the sex-ratio of G. ni. niorsitans and G .  pallidipes 
late in the dry season and far in excess of what would 
be expected. Cuisance et al. (1978) recorded a high 
variation in the sex-ratio of G. p.  ganibiensis with 
(ma1es:females) 0.95 in February and a maximum of 
4:l in August. The low sex-ratio in G. tachinoides 
populations was practically constant during the dry 
season, and decreased from June to August (hot 
months): in addition, it varied between different areas 
and appeared to be related to light intensity. The per- 
centage of females among resting flies was always 
higher than that of the active section of the popula- 
tion and sometimes exceeded 50% (Gruvel, 19750. 

Hunger stage and nutritional state 
The classical method of assessing hunger stage is 

that of Jackson (1933) which gives the mean hunger 
stage (MHS). This parameter enables comparison to 
be made between various categories of flies or 
between different populations or different seasons. 

Resting G.  f :  fuscipes (Van Vegten, 1971c) and G .  
tachinoides (Gruvel, 1975c) were less hungry than 
active flies. The lesser proportion of Jackson’s stage, 
III in females seemed to indicate that this sex was 
more readily waiting completion of digestion before 
feeding again than males did. No marked variation in 
MHS was found in G.  n~. centralis by season or 
according to whether flies were caught in woodland 
or in the open (Lambrecht, 1972). There was no evi- 
dence that G., palpalis was hungrier in the dry season 
than in the wet season, but males were hungrier at a 
bridge than in the gallery forest (Van Wettere, 1975). 

The nutritional state is defined as the fat and hae- 
matin content of flies. While males devote each blood- 
meal to the production of fat, an energy store used 
mainly for flight activity, females accumulate a reserve 
of fat from apparently three feeds during each preg- 
nancy cycle (Rogers and Randolph, 1978b). 

A greater fat content was found in G.  swynnertoni 
living in areas with an abundant food supply of host 
animals than in flies living in areas where food was 
scarce. This seems to indicate that the nutritional 
state is not necessarily related to a climatic effect but 
that the food supply has to be taken into consider- 
ation (Rogers and Boreham, 1973). Vale and Cum- 
ming (1976) used the residual dry weight (RDW) and fat 
content to  assess the stress caused by selective re- 
moval of G. ni .  nzorsitans hosts. They concluded that a 

clear stress existed, but it had no drastic effect on 
populations. 

Madubunyi (1974) devised a novel method using 
the size of the mature egg in the uterus as an index of 
the nutritional state of populations. He showed that a 
G. ni. niorsitans population was better nourished dur- 
ing the early part of the wet season than during other 
periods of the year. Okiwelu (1977d) studied this 
index on a monthly basis and showed that the small- 
est eggs were collected during the cold dry seasoh 
and the largest eggs in.the hot dry season; this seemed 
to be rather puzzling with regard to the suitability of 
the seasons, but changes were probably related to 
game animal movements. One should be prudent in 
the application of this method because it was found 
that the first egg in utero was significantly smaller 
than the next ones (Challier, 1973). Females in age- 
group I should be considered apart from the others. 

Age structure 
The ‘wing-fray’ method devised by Jackson (1946) is 

the only method available to determine the age of 
tsetse males. It enables a parameter to be calculated, 
the mean wing-fray (MWF), which is used to compare 
mean ages of populations but is unreliable for 
determining the age of individuals. However, this 
method should be used after calibration (see under 
‘Methods and Techniques’). In spite of its limits, most 
authors working on tsetse populations have used it 
(Challier, 1973; Davies, 1978; Diallo, 1979; Gruvel, 
1975a-f; Jaenson, 1979a, 1980; Lambrecht; 1980a; 
Moloo et al. 1973a, b;  Molyneux et al., 1978, 1979; 
Owaga, 1980a, b;  Phelps and Vale, 1978; Vale et al., 
1976; Van der Vloedt et al., 1980; Van Wettere, 1975). 

Rogers and Boreham (1973) observed that the 
MWF in G. m. rnorsitans populations increased as the 
tree cover increased. Most G. ni. rnorsitans at  deflying 
pickets were young flies during the rainy season; 
samples caught on gate posts, bushes, canopies, fallen 
logs and fence posts exhibited different age compositions 
(Okiwelu, 1979). G.  pallidipes males collected at 
a forest trapping site were younger than those col- 
lected at  a waterhole; and intermediate in a gallery 
forest; they showed an MWF far lower than that of 
females at the forest site, almost the same in the gal- 
lery forest, and slightly higher a t  the waterhole (Lam- 
brecht, 1980a). 

The age structure of the female section of the 
populations is assessed using the so-called ovarian 
method devised by Saunders (1960) and improved by 
Challier (1965). 

Further studies have shown that age structure may 
be related to the sampling sites of habitats. G.  p. pal- 
palis were older in open areas such as villages and 
interstitial savannas than those from plantations and 
the forest in Ivory Coast (Challier and Gouteux, 
1980). This also occurred in Cameroon, where females 
of the same species were older in villages than in gal- 
lery forests (Eouzan and Ferrara, 1978a). According 
to Okiwelu (1979) most G.  n i .  morsitans females 
caught at a deflying picket in Zambia were young. 
The assessment of the age structure of samples col- 
lected after insecticide spraying has been used as a 
means to evaluate the effectiveness of treatments in 
tsetse control trials (Chapman, 1976; Davies, 1978; 
Molyneux et al., 1978). 
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POPULATION PARAMETERS 

Ovarian cycle and abortion rate 
Tsetse exhibit a low reproduction rate as compared 

to other insects. Fecundity depends on both survival 
rate and interlarval period. Glasgow (1970) gave for- 
mulae to calculate the time of the first ovulation and 
interlarval period in relation to a constant tempera- 
ture. These formulae have been used by several 
authors. The prediction of pupal duration had been 
worked out using the mean temperature as defined by 
the formula +(maximum + minimum) (Phelps and 
Burrows, 1969b). This formula has been used to calcu- 
late the duration of the period from emergence to the 
first larviposition. Davies (1978) found that the first 
ovulation cycle was 47-75% longer than expected 
from the formulae. In his trials on aerial spraying 
Chapman (1976) observed that the first interval 
period was at ieast Zcìays less than the vaiue esti- 
mated from the daily temperature recorded from a 
Stevenson screen. 

The time of the first ovulation in G. p .  ganibiensis 
was better correlated with the weekly mean minimum 
temperature than with the weekly mean temperature 
(Challier, 1973). The relationship between calendar 
and physiological age has been investigated in G. p .  
gambiensis. Tenera1 females were released after mark- 
ing during several months. Indications from recap- 
tured and dissected females were that first ovulation 
took place on days 7-8 after emergence during the 
hot months (April-May) and on days 12-14 during 
the cold months. The interlarval period also fluctu- 
ated within the same range (Challier, 1973). In Congo, 
the first ovulation took place on days 9-10 in G. p. 
palpalis during the dry season and the first larvi- 
position around days 19 and 20 with 10-day interlar- 
val periods (Carnevale and Adam, 1971). 

During the cold months at a mean temperature of 
21.5"C, the first ovulation occurred on day 18 (Van 
Wettere, 1975). Gruvel(1975f) gave age class intervals, 
in G. tachinoides, for several months. 

Fourteen kinds of abnormalities in the reproduc- 
tion of wild G. p .  gambiensis females have been de- 
scribed (Challier, 1973); most of them resulted in a 
delay in the reproduction cycle, degenerescence of 
eggs, non-viable larvae, and abortions. Regarding the 
latter abnormality, Madubunyi (1975) described a 
method to determine the abortion rate in wild tsetse 
populations. This method is based on the probable 
uterine content as defined within 95% fiducial limits 
attached to the mean size of the FNOS (i.e. the length 
of the largest egg follicle next in the ovulation 
sequence). Thus, in a population of G.  m. morsitans in 
Zambia, 8.72% of parous females seemed to have 
aborted. The abortion rate ranged from 3 to 12%, the 
latter in the coldest months of the year (Madubunyi, 
1978). Okiwelu (1977~) recorded a 0-12% abortion 
rate; most females that had aborted were 1040days 
old which suggested that an increase in abortion rate is 
not necessarily related to increasing age. The rate was 
lowest in the rainy season and highest in the hot dry 
season. These observations were based on the fact 
that oocyte growth is normal. However, Denlinger 
and Ma (1974) mentioned that the rate of oocyte de- 
velopment was accelerated when the uterine content 
was not viable; they found a female on day 4.8 after 

larviposition with a non-viable egg in utero; the 
length of the oocyte in the ovary was about 1.40 mm 
instead of 0.90 mm. 

Survival rate, mean age and longevity 
Saunders (1967) devised a method to calculate the 

probable age composition of female populations from 
the composition as determined by his method 
(Saunders, 1960) and improved later by Challier 
(1965). From this calculated composition he drew the 
survivorship curve which proved to be of logarithmic 
form. However, Taylor (1979) found a higher corre- 
lation between the number of G. m. morsitans females 
in each reproduction cycle than that found when 
using the log transformation; similar age structures 
were demonstrated to occur in the four seasons 
studied. 

Application of Saunders' method showed that the 
maximum iongevity oî G.  p .  gambiensis would be 
270 days; this value would not be unrealistic if com- 
pared to a fly recaptured 9months after release in 
Senegal (Challier, 1973). G. m. morsitans survivorship 
curves from different seasons indicated a decreasing 
survival rate from the warm rainy season to cold dry 
season to the hot dry season and expected maximum 
longevities of 160, 110 and 50 days respectively; the 
rainy-season curve showed a constant fraction of 
insects alive, whereas the hot dry season curve indi- 
cated that mortality affected mainly the young frac- 
tion of the population (Okiwelu, 1976b). According to 
Phelps and Vale (1978). G. pallidipes exhibited better 
survival than G. m. morsitans during the hot dry 
season. 

Another method of assessing survival rate is the 
application of formulae used in mark-release-recap- 
ture experiments (Begon, 1979). The mean age and 
longevity of tsetse have been estimated either from 
mark-release-recapture experiments or from the age 
structure of samples. In G. tachinoides, the longevity 
was found to be 28.4 and 28.9 days in males and 
females respectively, in February and May (Cuisance 
and Itard, 1973b). Gruvel (1975b) estimated that the 
mean age fluctuated between 13.5 days in June and 
44.30 days in January. According to Van Vegten 
(1971~) lacustrine and non-lacustrine populations of 
G. J: jiiscipes did not differ in their survival. The 
longest life-time of G. pallidipes in western Uganda 
was 134 days and the minimum 7.5 days (Kangwagye, 
1971). Phelps and Vale (1978) estimated that during 
the hot dry season the mean age of males of G. palli- 
dipes and G. m. morsitans was roughly the same 
(14.7 days). In female flies, the mean age was 29.1 and 
48.0 days and the maximum age 173 and 226 days, 
respectively. 

Survival may be related to fly size. A proportion of 
G. m. morsitans was lost due to the small size of cer- 
tain classes of flies near the edge of the Kalahari sand 
region of Zimbabwe. The estimated loss was up to 
75.5% in the hot dry season. In the appendix of their 
paper, Phelps and Clarke (1974) described a method 
for estimating the proportion of flies lost in popula- 
tions. In Zambia, Newberry (1978) found G: m. cen- 
tralis to be smaller in the second half of each year. 

Growth rate 
Glasgow (1963) showed how to calculate the 
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growth rate of theoretical tsetse populations. This 
method was applied later to wild populations of G. p. 
palpalis in Nigeria (Saunders, 1967) and Congo (Car- 
nevale and Adam, 1971). Taylor (1979) who calculated 
the growth rate for G. rn. morsitaits populations con- 
cluded that tsetse populations are regulated by the 
survival of the newly emerged teneral flies and non- 
teneral nulliparous females; a life-table constructed 
on the basis of the reproductively active members of 
the population indicated that females produced more 
than two offspring in a lifetime. Recently, Ryan (1981) 
calculated parameters for the growth rate of six tsetse 
species or subspecies in relation to temperature, using 
data from various sources. The indication was that G. 
palpalis S.I. has a higher reproductive potential than 
G. inorsitans s.l. whereas G. pallidipes surpassed them 
both. 

Dispersal rate 
In the course of mark-release-recapture experi- 

ments maximum distances flown by tsetse have been 
recorded; but a few studies have been devoted to the 
dispersal rate. 

G. p.  palpalis were recaptured at 12 km from their 
release point in a gallery forest (Carnevale and Adam, 
1971). The same subspecies was recaptured in low 
numbers in a village 800m from a gallery forest in 
which marked flies had been released-some flies 
were seen being carried by men going from one vil- 
lage to another; pigs might also have facilitated 
exchange between tsetse populations (Eouzan and 
Ferrara, 1978a). The dispersal of G. p .  gantbiensis was 
found to be homogenous only for females during the 
wet/dry season within a semi-isolated forest; flies 
tended to concentrate more in certain parts of the 
forest than in others. Emigrant flies (only female flies) 
were recovered at about 7-8 km away from the forest 
after flying along riverbanks practically without vege- 
tation (Challier, 1973). In the same region, a few indi- 
viduals of this subspecies can cover long distances up 
to 21 km along gallery forests, and at least 6.6 km 
across savannas and watersheds between gallery 
forests (Cuisance e t  al., 1981). G. caliginea remained 
confined to the forest during the dry season and was 
recaptured at less than 150m from the forest edge 
during the wet season (Eouzan and Ferrara, 1978b). 
In an isolated fly-belt, on the Lower Chari, northern 
Cameroon, the mean dispersion distances from two 
release points were 121-177m for males and 
139-217 m for females; the latter tended to disperse 
farther than males, and disperson was greater in the 
cold than in the hot season (Cuisance and Itard, 
1973b). The recapture rate of G. 1: quanzensis was 
three to five times higher in traps than in hand- 
catches, with a maximum recovery time by the fourth 
month (Eouzan et al., 1981a, b). Nearly 80% of G. f: 
fuscipes were recovered during 7 weeks at  the marking 
site; this indicated a fairly constant and localized 
population; the maximum distance of dispersal was 
3 km in 9 days and 800 m in 1 day (Van Vegten, 
1971~). Hargrove and Vale (1979) recaptured a still 
substantial number of G. pallidipes at  2250m, the 
greatest distance studied. Kangwagye (1971) explained 
the small dispersion of this species in Ankole, 
Uganda, by the presence of resident hosts such as the 
bush-buck, wart-hog and buffalo. However, dispersal of 

savanna tsetse species may also be facilitated by the 
movements of cattle. Lambrecht (1972) mentioned 
two G. in .  certtrulis in villages about 4.2 km from their 
release point. Observations coincide with the return 
of cattle. G. n 7 .  subrnorsitarts occurs in The Gambia, 
throughout the woodlands, and farmlands, even in 
cultivated areas and villages during the rains; after 
bushfires it becomes restricted to suitable areas and 
sometimes in oil-palm groves (Snow, 1981b). 

Tsetse might be dispersed by wind. In West Africa, 
the distribution of sleeping sickness foci is oriented 
roughly in parallel lines in a south-west-north-east 
direction; moreover, certain phenomena observed in 
populations suggested that dispersion of flies occurs 
in relation to prevailing winds in the late dry-early 
rainy season. These winds are associated with the 
north-eastward shift of the Inter-Tropical Contact 
Zone (ITCZ) (Molyneux et al., 1979a). 

Freeman (1977) calculated the best regression line 
giving the rate of dispersal in number of flies in re- 
lation to increasing distance, and, on the other hand, 
with increasing time, using the data of Jackson. 
Rogers (1977) used a mark-releaserecapture method 
along five concentric decagonal fly-rounds set a t  
200-yard (185-m) intervals. A daily loss of 21% of 
marked flies from the area surrounding the central 
release point was observed. The comparison between 
field data and a random distribution model (Bursell, 
1970a) supported the hypothesis of random move- 
ment of G. f: fuscipes. According to him tsetse would 
not be restricted to ‘ambits’, a concept introduced by 
Jackson (1940) to explain that flies tend to restrict 
their movement to familiar areas of their habitats. 

From various sources of data, Rogers calculated 
the average daily displacent of tsetse to be 252m; 
teneral flies tended to move more rapidly than non- 
teneral flies. The reduction of host animals may in- 
crease the rate of fly movement; conversely, a large 
game population will tend to keep flies replete and fly 
movement will be reduced. Hargrove (1981) has 
recently shown that tsetse dispersal involves more 
parameters than previously believed. Reanalysis of 
Jackson’s data, taking into consideration age-related 
changes in availability and step length, changes in the 
latter with nutritional status and changes in death- 
rate with age, resulted in a new model of dispersal. As 
an example of a non-random distribution of tsetse, he 
recalled results obtained by Hargrove and Vale 
(1980); the latter had demonstrated that catches of G. 
in. niorsitans from deciduous woodland and riverine 
evergreen woodland were 6 months out of phase with 
each other regarding population density. 

Apparent density and its JIuctuations 
It has been shown in this paper how the population 

density is defined and to what extent it is related to 
ecological and methodological factors, which means 
that the following is described in relative terms. 

The general pattern of fluctuations in tsetse popula- 
tions is roughly related to  rainfall distribution 
throughout the year with a basic feature an increase 
when rains start and a decrease during the dry season. 
However, this general pattern may be modified by the 
variable length of the rainy season, and by the 
amount and monthly distribution of rains. In ad- 
dition, tsetse change their habitats to concentrate in 



I16 A. CHALLIER 

G tachinoides 
a_ r=1/4 

G. p. gambiensis 
b r=1/5-10 

G.p palpalis 

G.f.  quanzensis 

G.f. fuscipes 
B r =  115-7 
- e' r =  1/40 

G. fuscipleuris 
L r = 1 / 3 - 4  

h A 
e' 

Fig. 4. Population fluctuations in species/subspecies of pulpalis and jitscu groups (simplified from refer- 
ences). G. tucliirioides, Kalamaloué Game Reserve, Cameroon; rainfall: 590 mm (Gruvel, 19750. G. p.  
gcinihicwis ,  Kou Forest, Upper Volta; rainfall: 1181 mm (Challier, 1973). G. p .  pulpalis, Bemba, Zaire; 
rainfall: 1300 mm (Van Wettere, 1975). G. j :  qiuirimisis, Kinshasa area, Zaire (Elsen, 1973). e: G. ,fi 

jitscipcJs, Amadi area, Sudan; rainfall: 900-1300 mm (Abdel Razig and Yagi, 1972). e': Western Uganda; 
rainfall: 800-900 mm (Kangwagye, 1974). f: G. ,fimiplruris. Western Uganda (Kangwagye, 1974). I/ T 
small increase/decrease in population; B: rainy month; O: dry month; B: start/end of rainy season or 

relatively dry month; A : high monthly rainfall; c: cold; h :  hot; w: wet. 

the most suitable ones. As a result, tsetse species exhi- 
bit various patterns of population fluctuation related 
to local climates and vegetation. 

Figs 4 and 5 are an attempt to compare population 
fluctuations in several tsetse species. As most of the 
graphs are based on I-3-year observations, the pat- 
tern shown might not be usual. 

Within the, largely speaking. annual cycle between 
minimum and maximum levels of population, small 
increases and decreases may occur. They seem to be 
related to a relatively dry period in areas where all 
months are rainy, and, on the other hand, to a short 
rainy period in areas where the dry season is long and 
very dry. The cold season probably plays a role by 

reducing the reproduction rate through lengthening 
the interlarval and pupal period durations. 

In G.  morsitans S.I., populations increase at the start 
of the rains to reach a peak of density 2-3 months 
later; they decline as the dry season passes. 

However, Hargrove and Vale (1980) showed that, in 
Zimbabwe, the fluctuation pattern of a riverine wood- 
land G .  m. morsit~ins population was the reverse of 
that of a population living in mopane woodland-the 
former rising throughout the dry season. Records 
from a tsetse-deflying picket in Zambia for the period 
1969-1974 showed a constant rhythm of low and high 
catches coinciding with the first and second halves of 
each calendar year, respectively; these catches were 
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Fig. 5.  Population fluctuation in species/subspecies of morsitutis group (simplified from references). G. m. 
submorsitans: a: Keneba, The Gambia (Snow, 1981); a': Madina-Diassa Ranch, Mali; rainfall: 1130 mm 
(Diallo, 1979). G. ni. morsitatzs, Zambezi Valley, Zimbabwe (Hargrove and Vale, 1980). G. m. centralis, 
Okavango, Botswana; rainfall: 550-600 mm (Lambrecht, 1972). G. pallidipes: d: western Uganda; rain- 
fall: 800-900" (Kangwagye, 1974); &: Muhaka, south Kenyan coast (Snow, 1981); e: Zambezi Valley, 
mopane woodland; e': the same, riverine woodland, Zimbabwe (Hargrove and Vale, 1980). G. swynner- 

toni: Lake Manyara, Tanzania (Katabazi and Matechi, 1979). 
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associated with high percentages of females during the 
second half of the year (Newberry, 1978). G. pallidipes 
populations usually fluctuate a little. Snow (1981a) 
noticed that on the south Kenyan coast the popula- 
tion fluctuation was related to the rainfall during the 
preceding months-with precipitation less than 70 mm 
populations declined, between 70 and 200 mm popu- 
lations usually increased, but with higher rainfall 
populations tended to decline. There was no clear re- 
lationship between population size and mortality, 
although the absence of a high population density 
with high mortality was significant. In Meru National 
Park the apparent density decreased as the $-y season 
was passing at a water hole and in a gallery forest, 
while it increased in a forest (Lambrecht, 1980a). The 

pattern of seasonal changes in the apparent density of 
populations living in a dry area (Kibwezi) seemed to be 
roughly similar to that of coastal populations (Jaen- 
son, 1978a). 

Gruvel (19750 pointed out the fact that in G. tachi- 
iioides the fluctuation in population density is related 
to vegetation types which are frequented at different 
times of the year. This probably explains the different 
fluctuation pattern shown by Cuisance and Itard 
(1973~) in an area not so far from that of Gruvel 
(19750. G. p .  gumbierisis populations increase with the 
rains and decrease with the dry season (Challier, 
1973; Cuisance et a/., 1980; Snow, 1981b). However, 
in the middle of the dry season, usually in February, 
there is a small increase in density, sometimes related 
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to ‘The Heug’, a particular meteorological situation 
due to a perturbation of polar origin and a Sudanese- 
Saharian depression. Another peculiarity is the rapid 
decline of populations just after the peak density dur- 
ing the late rains (Challier, 1973). 

At the forest/savanna limit in Ivory Coast, changes 
in apparent density were different in various com- 
ponents of the G. p .  palpalis habitat; in general, the 
density decreased during the dry season, but, in the 
forest and plantations, the density started increasing 
in the middle of the dry season (Challier and Gou- 
teux, 1980). 

Elsen (1973) recorded in Zaire an increase in G. f: 
qiianzensis populations during the dry season, with a 
peak at the beginning of the rainy season. The start of 
the increase and fluctuation pattern was related to 
habitat types. 

Elsen (1974) attempted to explain the discrepancy 
between results from different sources. Van Vegten 
(1971~) reported that the population density of G. f: 
fuscipes remained fairly constant throughout the year 
in south-eastern Uganda. 

In Figs 4 and 5, fluctuation ranges are also shown. 
In general for species living under dry climates with 
clear-cut dry and wet seasons and relatively high rain- 
fall fluctuation ranges are large. 

Long-term fluctuations in tsetse populations have 
rarely been investigated. The only long-term study is 
that of Jordan (1965), who showed that the range of 
monthly G.  p .  palpalis catches was from 1 to 12.9 for 
the maximum, and 1 to 2.3 for the minimum in north- 
ern Nigeria. Bnyiah (1978) reported that in the same 
area a permanent decline occurred commencing in 1971 
and that the final collapse was related to the decrease 
in the minimum daily atmospheric humidity and an 
increase in human activity. An important variation in 
tsetse populations was noticed at  Lugala, Uganda, 
between 1971 and 1975; G.  f: fuscipes populations in- 
creased while a decrease occurred in G.  pallidipes and 
G. brevipalpis; an increase in the local human density 
probably led to a drop in the availability of host ani- 
mals of the two latter species (Okoth, 1980b). 

During the last decade, the role played by density- 
dependent and density-independent factors in popula- 
tion dynamics has raised increasing interest. Rogers 
(1980) showed how these factors interact in the abun- 
dance of tsetse in different parts of Africa. He pointed 
out the need to quantify the biases of the various 
sampling techniques. The same author (Rogers, 1974, 
1979) presented a new analytical method for 
determining monthly changes in density-independent 
mortality. The mean monthly density-independent 
mortality in G. m. submorsitans and G. m. morsitans 
was most closely related to the mean monthly satura- 
tion deficit. Using an annual climogram, he was able 
to define an environmental optimum for the two sub- 
species: 2426°C and 5-13 mmHg saturation deficit 
for the former, and 22-23°C and 4-11 mmHg for the 
latter. In addition, he predicted bioclimatic limits 
within which the species is present as shown by 
weather records throughout Africa with an optimum 
saturation deficit at each temperature. 

Estimates of population size 
The population size is currently estimated using 

mark-release-recapture methods. Estimates are based 

. 
. 

on the so-called ‘Petersen estimate’ (Lincoln index) or 
developments of it. 

Begon (1979) described various capture-recapture 
models; they are based on different asumptions 
among which are constancy of survival rate, effects of 
marking, and random sampling, and they include the 
positive/negative methods of Jackson (1939, 1948). A 
sampling period is assumed to be a point in time. 
Fletcher e t  al. (1981) devised a modification of the 
Lincoln index with a correction factor to apply this 
method to insect populations for which ‘instan- 
taneous sampling’ is not practicable. Ito (1973) modi- 
fied this method using the number of marked individ- 
uals surviving at time ti instead of using the number 
of marked individuals released at  time to. Hamada 
(1976) concluded that Ito’s method is more useful 
than Jackson’s method under conditions of low mor- 
tality and a low capture rate, but it cannot be applied 
when the density of wild individuals is extremely low 
vis c i  ais the marked population. He proposed a 
method whereby the ratio of marked to unmarked 
individuals is used in place of the ratio of marked to 
total individuals. 

Using Lincoln’s basic formula, Gruvel (19750 cal- 
culated the maximum true density of the G. tachi- 
noides population in Kalamaloue Game Reserve in 
Cameroon, to be 600 and 850males/ha in October 
and April in two different habitats respectively. In the 
same region the population size in a small isolated 
habitat was estimated using the Lincoln index and 
positive/negative methods of Jackson (1939). 

The first method would have slightly overestimated, 
and Jackson’s method underestimated population 
sizes (Cuisance, 1974b; Cuisance and Itard, 1973b). 
Fluctuations in population size as determined with the 
Lincoln index followed rigorously that of the appar- 
ent density of a G. p .  gainbiensis population in a gal- 
lery forest (Cuisance et al., 1978, 1980). However, 
Gruvel (19750 concluded that there was no constant 
relationship between the true and apparent densities 
in G. tachinoides populations studied in Cameroon. 

Lancien et al. (1979) used the method of Jolly (1965) 
to estimate the G. f: quanzensis population in a small 
isolated forest of about 100 ha situated in Brazzaville. 
From May to December, the density fluctuated 
between 25 and 30 flies/ha and the daily survival rate 
was 0.824.98 according to the season. During the dry 
season, the apparent density as determined by hand- 
catching did not seem to reflect the seasonal evolution 
of the population size but rather the man-fly contact 
intensity. 

In their 13.5-ha study area at Rekomitjie, Zim- 
babwe, Phelps and Vale (1978) obtained comparable 
estimates of the G. m. niorsitans population with 
various methods including the Lincoln index, Bailey’s 
inverse sampling, Zippin’s method and the probability 
of recapture-they were used for the G. pallidipes 
population, but the latter was found to be much 
higher than the former. 

Ryan et al. (1981b) estimated the G. palpalis popu- 
lation density to be 870/ha, in the Zagoutta area, 
Ivory Coast and 486/ha for G. M. centralis in Zambia, 
both in the dry season. They used Zippin’s and re- 
moval trapping methods; the biconical traps removed 
7% of the female component of the population each 
day. 
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Populatioii inodel 
To improve the efficiency of the sterile male release 

technique (SMRT), Rundfelt (1980) has devised a 
quantitative model to anticipate the changes in popu- 
lation density. This model is based on parameters ob- 
served in the field (longevity, female reproduction, 
pupal duration, and daily flight times). 

Populatioii diversity 
In different parts of this review, variations in G. 

pallidipes behaviour have been mentioned. In order to 
assess the relationship betwèen these and genetic vari- 
ations Etten (1981b) has studied enzyme polymor- 
phism in eight sampling localities in Kenya. Polymor- 
phism was demonstrated in three of the 11 enzyme 
systems studied, but it was concluded that the zymo- 
gram technique is of limited value for population 
characterization in G.  pallidipes. However, he noted that 
the differences observed between allopatric popula- 
tions with respect to behaviour and some biological 
parameters were in agreement with the fact that in 
Kenya two major fly belts can be distinguished, an 
eastern and a western belt, separated by ecological 
barriers such as dry plains and mountain ridges. 

PATHOGENS, PARASITES AND 
PREDATORS OF TSETSE 

Predators, parasitoids, pathogens and nematodes of 
tsetse have been reviewed in a book devoted to  bio- 
logical methods and integrated control (Laird, 1977). 
Herting (1978) published a list of predators and para- 
sites of tsetse mentioning the countries where the 
latter have been found. In his catalogue, Greathead 
(1980) mentioned the distribution and habitat of 
insect parasitoids of tsetse species with remarks on 
their biology. Brothers (1971) modified the systemati- 
cal status of Mutillid parasitoids of tsetse. 

M icroorgaiiisins 
Nolan (1977) gave a list of pathogens of Glossina 

with references to the literature as well as a few 
abstracts. Several authors observed various organisms 
in tsetse : rickettsia-like microorganisms in the mid- 
gut, fat body and oocytes of G.  morsitalis, G. fuscipes, 
G. brevipalpis and G. pallidipes (Pinnock and Hess, 
1974); bacterium-like microorganisms in the sper- 
mathecae of unseminated females of wild G. pallidipes 
(Rogers, 1973b); microorganisms in the midgut of 
tsetse larvae, and also, in nurse cells of oocytes 
(Roberts and Pell, 1976) [the latter were found to be 
transmitted to progeny through the egg (Pell and 
Southern, 1975)]. Virus-like particles were observed 
in epithelial cells of the mean part of salivary glands 
in G. in. rnorsitaits and G. in. centralis (Jenni, 1973; 
Jenni and Steiger, 1974a, b), and also in epithelial cells 
of the midgut of G.  f: fuscipes (Jenni and Steiger, 
1974a). 

About 1% of G. pallidipes collected from the Kib- 
wesi forest, Kenya, bore hyperplastic salivary glands. 
The prevalence of this infection was higher during the 
rainy season than during the dry season. It was due to 
long virus-like r6ds. Males with such salivary glands 
were ofter? completely sterile and abnormal growth of 
the ovarioles was observed in females (Jaenson, 
1978~). Otieno et al. (1980) recorded the following 

prevalences in Kenya: 1.2% in the Kibwesi. Forest, 
1.6% in the Lambwe Valley, 0.9% in the Meru 
National Park, and 5.4% in the Shimba Hills Game 
Reserve. 

In Central African Empire, Vey (1971) isolated two 
fungi (Absidia repens V Tiegh and Penicillium lilaci- 
t1ui7i Thoun) experimentally pathogenic for injured 
pupae of G. fusca coiigoleiisis Newstead and Evans. 
Later, Maillard (1974) tested Bacillus circularis and B. 
alvei on G. tachiiioides without success. 

Parasitoids 

Van der Vloedt (1970) recorded a fairly constant 
infection rate with Chrestoinutilla (Mutilla auct.), 
Exhyalaiithrax (Tkyridantlirax auct.) and Acari in 
pupae of G.  morsitans collected from Kariba, Zim- 
babwe. 

Pupae of G.  tackinoides, in the valley of Lower 
Chari, Chad, were parasitized with E .  beckerianus 
from the end of the rainy season until the early rains 
when concentrated in Morelia stands; up to 27% of 
pupae were infested in April (Gruvel, 1970a, 1975b). 
Studies were carried out on the habitat and biology of 
this parasitoid (Gruvel, 1974a). High parasitization 
rates were recorded in pupae of G. pallidipes near the 
Less Kiboko River, Kenya; conversely to what 
occurred in Chad, the highest infestation rate (46.6%), 
with E.  abruptus, was found to be associated with 
rainfall. In addition, four specimens of Phoridae were 
obtained from a G. pallidipes individual (Hursey, 
1970). 

Pupae of G. J: fuscipes, G. fuscipleuris and G. palli- 
dipes were found to be parasitized with Trichopria 
(Diapriidae, Hymenoptera) in Uganda (Kangwagye, 
1971). 

The parasitization rate with Syiitomosphyruni spp. 
in G. palpalis varied from O to 0.3% over a period of 
3 years in Central Nigeria. It was suggested that tsetse 
are not the normal host (Baldry, 1981a). According to 
Onyiah and Riordan (1978) a very low rate of parasit- 
ization of tsetse with Syntontosphyrum spp. in the field 
would be due to their inability to dig deep into sandy 
soil and thus to reach Glossina pupae. 

Nematodes 
Very low proportions of tsetse are parasitized with 

nematodes. Moloo (1972) reported a G.  brevipalpis 
male infested with two Mermithid larvae. These 
would penetrate into newly emerged flies through thin 
places in the body wall. Two males and two females 
of G. p .  gambiensis bore worms; one of them was a 
female about 80 days old without parasitic castration 
(Challier, 1973). Poinar et al. (1981) described Hexa- 
inerinis glossiiiae sp. found in G. palpalis, G .  pallicera 
and G.  n. nigrofusca in Ivory Coast. 

Predators 
Asilids and spiders were recorded as predators of G. 

tachinoides in Chad. Among the latter, Hersiilidae con- 
centrated on Morelia seiiegaleiisis and Mitragyna sp. 
trees during the three hot months that concided with 
tsetse concentration (Gruvel, 19750. 

Resting, dead and moribund G. pallidipes were 
eaten by ants, spiders and scorpions on the ground, 
while spiders and spider webs caught flies at higher 
levels. Minter (1971), who reported these predations, 
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thinks the bush-baby may be also a predator of tsetse. 
In Upper Volta, spiders belonging to the Theriidae 
and Clubionidae families were seen at night, grasping 
G. p .  gtrnrhicmi.s individuals (Challier, 1973). 

Okiwelu (l976b) ascribed part of the mortality in G. 
1 1 1 .  r~iorsittrri.~ populations to the peak of asilid popula- 
tions during the cold dry season. 

An experiment carried out in Uganda showed that 
most pupal mortality was caused by the genus Phri- 
dole. These ants took a constant number of puparia at 
lower densities of tsetse, but an increasing percentage 
at higher densities. Birds were seen to act in the same 
way; they became aware of a local increase in the 
tsetse population density. Thus mortalities adjust 
their severity according to the population density 
(Rogers, 1974). 

PliorfJtic SplJcies 
Fain and Elsen (1972a, b) described several new 

genera and species of Acarinae phoretic on G. ,$ f i r s -  
cipes, G.j:  quarizensis and G. p. palpalis collected from 
Zaire. G. p. qar~ihierisis females bore such Acarinae at 
the rate of 1.32, in rainy season (Challier, 1973). 

Cuticular l~~sioris 
Turner at trl. (1981) and Odindo et d. (1981i1-c) 

described varieties of 'black spots' on the ventral in- 
tegument of several tsetse species occurring in Kenya. 
These lesions were found mainly in older flies. 
Attempts made to isolate microorganisms were 
unsuccessful; it would seem that melanization results 
from wounding of the integument by non-infectious 
agents as shown in two instances. 

METHODS AND TECHNIQUES 

Htrridliriy u r i d  dissectiorl 

Cooling is a technique which enables tsetse to be 
preserved for several days before dissection. Low tem- 
peratures, not less than 5°C in cold rooms or in re- 
frigerated containers, have no effect on the longevity 
and breeding potential of flies (Maillot, 1970). Chilling 
is also used in storing tsetse for long periods. Minter 
and Goedbloed (1970, 1971, 1980) have used liquid 
nitrogen for many years to store tsetse and trypano- 
somes. A cooling rate of approximately Z"C/min 
down to about - 40°C can preserve whole flies and 
live trypanosomes. A wet method gave a better result 
than freezing of dry flies; females could be dissected 
for age-grading. 

Penchenier and Itard (1981) described a rapid and 
easy technique for dissecting the salivary glands 
through the abdomen. 

M rrrkirig 
Hadnwoy ( 1977) reviewed various techniques used 

in determining resting places of tsetse. The following 
denk with recent studies on this subject. 

Fluorescent powders are used to detect marked flies 
nt their night resting sites with U.V. lamps. They can 
nlso he used in mark release- recapture experiments. 
Powdered llies remained marked for at least 45 days 
in the laborntory. Smnll pnrticles or powder were 
detected on particular places of the fly body. 

N o  harmful effect wits observed in G. ttrchirioiclcs 
nnd G .  trir.sttwi. Vnle rt t i l .  (1976) observed that blue, 

yellow and red colours had no effect on tsetse nor 
influence on the conspicuousness of G. pullidipes to 
predators. Powders spread over sand marked different 
parts of the emerging flies. Marked ptilinum could be 
detected by delacerating it on chromatographic paper 
impregnated with buffered glycerol (Tibayrenc rt  al., 
1971). Cavalloro et al. (1971) used a dose of 15mg 
powder per IOOpupae, but noted that green powder 
was somewhat toxic. Turner (l980a) applied fluor- 
escent powders between the coxae of males; during 
mating some powders lodged in the scutellar groove 
of females. Thus, aspects of sexual behaviour of tsetse 
could be investigated. When dry powder is used, part 
of it comes out. To fix powders tightly on the whole 
fly body, Scholz et al. (1976) used powders suspended 
in isopropyl alcohol at a strength of 1.5%. The liquid 
was applied by means of an ordinary perfume sprayer. 
Thus flies could be observed, at night, from all visual 
angles. 

Radiolabelling may be useful in various studies to 
mark flies and their progeny, and to detect flies at 
their daytime resting sites. 

When puparia were treated with 5yFe and 6sZn, 
using immersion, impregnation or spraying, radioac- 
tivity was irregular and weak, but flies could be radio- 
labelled by making them feed on rabbits injected with 
radioisotope solutions at the non-toxic dose of 3 mCi. 
Radioactivity could be detected for 5 weeks in males, 
and for still longer in females. Offspring could also be 
detected when females were radiolabelled with 
radio-Fe and -Zn but not with 59C0 and 51Cr (Caval- 
loro ct al., 1971 ; Cuisance and Itard, 1970, 1971). 

An aqueous solution of [32P]phosphate and 
[14C]isoleucine injected into adult flies allowed Fl 
offspring of females to be labelled, but spermatozoa 
and accessory glands of males were not detectable 
(Hamann and Langley, 1978). The sperm of G. p. pal- 
palis males injected with an isotonic solution of 
sodium [32P]phosphate was shown to be radioactive. 
Females mated with males fed on radioactive defibri- 
nated pig's blood showed 0.15% of the male activity. 
A measurable amount of activable lanthanum was 
transferred from the labelled males to females when 
using spraying of adults with aerosols (Hamann and 
Iwannek 1978, 1979). One microcurie of [2-'4C]thy- 
midine enabled spermathecae of females to become 
radioactive after mating with such males. This 
method might be useful in investigating multiple mat- 
ing and the competitiveness of sterile males (Azevedo 
et d.? 197021). Europium administered with a blood 
meal through a silicon membrane could be used for 
long-term labelling (Hamann and Iwannek, I98 I). 
Curtis et t i l .  (1973) described an attempt to use detec- 
tion by activation of radiolabelled flies in a neutronic 
reactor. 

with a specific activity of 3.2 mCi/ml was topi- 
cally applied onto the thorax of G. p.  ~luriihierisis at an 
average dose of 5.8 [ f i  in droplets of 0.46 pl. Marked 
flies could be detected in the field up to 1.5m away 
from the scintillators. Contamination controllers 
detecting beta radiation were also used (Bois et al., 
1977). 

n.appi/lg 
Trapping techniques have been described in 

mother part of this review. Gouteux et al. (1981) 
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devised a new apical support for the biconical trap as 
well as new cages, a device which is made of plastic 
bottles. 

Blood riteal analysis 
The latex agglutination test might be used in the 

field for rapid screening of blood meals (Boorman et 
al., 1978). Boreham and Gill (1973) described a 
method to prepare high-titre antisera to reptiles; they 
were able to show that G. J: fuscipes from South 
Busoga, Uganda, feeds on monitor lizards, snakes and 
tortoises. Antiserum can be prepared in bovines witfi 
the advantage of an increase in specificity over that 
produced by rabbits (Emslie and Steinberg, 1973). 

Sexing puparia 
Sexing puparia might be useful in ecological studies 

to determine the sex-ratio at the preimaginal level in 
breeding sites and to assess sex-specific mortality. 
Neither pupal weight nor density as differentiated 
with flotation could allow males and females to be 
distinguished in G. in. niorsitans; only a different dur- 
ation of the pupal stage enabled 81% of females pro- 
duced to be retained (Birkenmeyer and Dame, 1975). 
Female puparia of G. p .  garnbiensis were wider and 
longer than male puparia; however only part of 
samples might be sexed (Challier, 1973) as previously 
observed in G. in. morsitarts (G. in. orientalis auct.) by 
using six linear measurements (Phelps et al., 1967). 
Azevedo et al. (1970b) performed histo-X-rays of 
pupae of G. inorsitans (2628 days old) and noticed a 
lighter formation in the base of the abdomen of males 
with other darker formations than in females. 

Outdoor breeding colony 
Tsetse breeding colonies available in the field 

would be useful experimentally with a view to assess- 
ing biological parameters such as pupal stage dur- 
ation and mortality, physiological age in relation to 
calendar age, behaviour etc. A further attempt was 
made by Okoth (1980a) to breed G. J: fuscipes, G. 
pallidipes and G. brevipalpis at Lugala, Uganda. 
Marked teneral flies were introduced into a cage 
measuring 12 x 9.4 x 7.4m high and covered with 
nylon wire mesh for a period of 17months. Flies 
were fed on rabbits maintained in a pen and on a calf 
tethered inside the cage. Nine hundred and ninety- 
eight puparia of G.J: fuscipes, 227 of G. pallidipes, and 
88 of G. brevipalpis were collected. Elimination of ants 
in the cage was of paramount importance. It was im- 
possible to assess the longevity and fecundity of the 
captive flies. 

Age-grading methods 
Tenera1 tsetse are defined as “insects which have 

never fed so that the gut must always be empty, 
except for a little meconium derived from the pupa. If 
a young fly is gently squeezed, the ptilinum is everted, 
the young fly gives a characteristic soft ‘soapy’ feel- 
ing ...” (Buxton, 1955, Appendix 2). The soft soapy 
feeling occurs to various extents according to the age of 
the fly. Laveissière (1975) found 24% of nulliparous 
female (Ob) G. tachinoides in which the integument 
was still soft. Moreover, ptilinum could be everted in 
both old ,males and females of G. p .  gantbiensis [e.g. in 
5% females of age-group VI (Challier, 1973)l. 

It would seem that the meconium Buxton (1955) 
talked about is the bag found in the distal part of the 
midgut in teneral G. tachinoides by Laveissière (1975). 
This bag contains a membrane which probably orig- 
inated from previous larval instar moultings. 

Riordan (1970) described such a bag in a pharate 
fly enclosed in the puparium; this is an optically clear 
structure sac completely enclosing a mass of yellow, 
oily, viscous fluid. 

In the laboratory, the growth of the peritrophic 
membrane appeared to be linear at the rate of 
1 mm/hr during the first 30 hr following emergence 
(Willett, 1966). Harmsen (1973) studied this growth in 
G. pallidipes and found it was slightly faster at 25°C 
than at 30°C. Laveissière (1975) described a method of 
extracting the peritrophic membrane and of determin- 
ing the age of teneral flies from two equations, one for 
each sex, correlating the age of the fly with the length 
of the peritrophic membrane (Laveissière, 1978b). 

Some features shown by the hindgut, rectum and 
Malpighian tubules might provide a rapid morpho- 
logical means of determining the age of teneral flies. 
From observations in a few G. p .  garnbiensis it was 
deduced that translucence of the hindgut and 
Malpighian tubules as well as vacuity of the rectum 
characterized 1-day-old flies, whereas repletion of the 
rectum and translucence of the Malpighian tubules 
characterized 2-day-old flies-3-day-old flies had an 
opaque hindgut and rectum and translucent Malpig- 
hian tubules. Thereafter, all these organs were opaque 
(Challier, 1973). 

Age-grading in young flies can be worked out by 
examining the number of daily cuticular growth 
layers deposited in thoracic phragma between the 
thorax and the abdomen. This method requires stain- 
ing and mounting of the phragmata (Schlein, 1979; 
Schlein and Gratz, 1972). 

The ‘wing-fray’ method of Jackson (1946) has been 
challenged by the age of females as determined by the 
ovarian method. Harley (1967) noticed that wing-fray 
extends over a wider range of calendar age than the 
ovarian age-determination technique. The same im- 
precision was found to occur in G. p .  gambiensis; e.g. 
females of Jackson’s group I consisted of four success- 
ive physiological age groups whereas the latter were 
rightly distributed among successive periods of calen- 
dar age (Challier, 1973). Ryan et al. (1980) correlated 
the rate of wing-fray with ovarian age for different 
tsetse species, using data from various sources. They 
found that the wings of G. palpalis s.1. females in the 
forest habitat of Ivory Coast frayed less than those in 
the savanna areas of Upper Volta because flies did 
not need to fly long distances to obtain food, to 
search for suitable larviposition sites and to return to 
preferred resting sites. According to them, it is valu- 
able to make simultaneous records of wing-fray with 
the ovarian method because this may throw light on 
fly behaviour; but wing-fray must be calibrated to 
time, particularly to obtain mean ages of populations. 

Gruvel (1975f) observed that mean ages of 
old female G. tachinoides obtained from wing-fray 
were considerably different from those determined 
with physiological age. Vale et al. (1976), how- 
ever, observed no detectable effect of season of 
location on the rate of wing-fray in G. inorsitans and 
G. pallidipes. 
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In order to determine number 'n' in his formula to 
characterize age-groups over four, Challier (1973) 
studied the growth allometry of oocytes, presuming 
that the ratio of the lengths of the two largest oocytes 
might change in successive sets of four age groups. 
Unfortunately, allometry coefficients were not dis- 
criminative enough to distinguish successive sets of 
groups. However, Jaenson (1980) and Snow (1980a) 
determined the age of nulliparous females using 
oocyte length. 

Assessmetit of dispersal 
Baldry and Bennett (1981) have found out that 

X-ray energy-dispersion spectroscopy (XES) could be 
used to assess dispersal in tsetse flies. This method 
based on the fact that the non-dispersive stage of 
insects is chemically marked and that marking per- 
sists within the dispersive stage, so that chemoprints 
(ir chei-ilical finger priiiis specific io locatioïî caiî Ge 
distinguished. First trials carried out in Upper Volta 
have shown that G. tachinoides from different locali- 
ties exhibited different chemoprints, whereas G. pal- 
palis and G. tuchinoides from the same locality exhi- 
bited almost identical chemoprints. 
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