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ABSTRACT

Glossina spp. commonly known as tsetse flies are vectors of trypanosomes
which can cause African human and animal trypanosomiases. The control of
those diseases and their vector has shown some limitations. The
‘Dissemination Technique’ was considered to become a suitable method for
tsetse control. It involves the contamination of flies with a lethal or sterilising
agent and is based on the spread of the agent through natural contact events
between tsetse flies. In the first part of the study, fluorescent pigment powder
was used to detect whether there are regular contact events between specimens
of G. fuscipes fuscipes in the field. The results show that males regularly
contact other flies. The contact rate per male and day was positively linear
correlated with the apparent population density. With a few exceptions, the
contact events occurred regardless of sex or age. That suggests that
morphological differences between males and females are too small to be
detected from the males. It suggests further that male tsetse flies are attracted
preliminary visually and that they may finally identify the sex and the
V\;illingness via contact. However, there were preferences for the youngest and
oldest females and a discrimination against the youngest males. That could
have been caused by olfactory chemicals or the behaviour of the flies. Male
tenerals and the oldest males in wing-fray category 6 did not contact other flies
while males in wing-fray categories 2 - 5 were found to be most sexually
active. In the second part of the study, it was to determine whether a particular

application of the ‘Dissemination Technique’ was an alternative to trapping



out. As a result, it was shown that Maniania’s contamination devices, which
were contaminated with dry conidia of the entomopathogenic fungus
Metarhizium anisopliae and mounted on biconical traps, killed less flies than
passing the CD’s and hence, less flies than captured with the traps. That was
because the infection rate of the CD was clearly less than 20 % and the number
of infections through contact events between the flies too low to compensate
that. Therefore, this particular application was found not to increase the

efficiency of a trap. Hence, it is not an alternative to trapping.
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CHAPTER ONE

GENERAL INTRODUCTION AND LITERATURE REVIEW

1.1 Importance of the genera Glossina

Glossina spp. commonly known as tsetse flies are vectors of trypanosomes that
cause African animal and human trypanosomiases. Little is known about the
history of African human trypanosomiases, which is commonly known as
human sleeping sickness. However, it was present for centuries in the Congo
basin. The Arab historian Ibn Khaldun made the earliest report in the 14th
century on the Niger at 5°W, whereby the King of Mali Mansa Djata was
reported to have died of this disease in 1374 (Morris, 1963; McKelvey, 1973).
The disease seemed to have spread throughout West Africa during the 18th
century. In the early 18th century, the surgeon John Atkins reported in one of
the first medical observations the ‘Negro lethargy’ while serving on slave ships
between West Africa and West Indies. Today, it is known as the Gambian
sleeping sickness. It is believed to have existed only in West Africa and in the
Congo basin, whereby former isolated communities got increased contact
through the colonial opening of the continent allowing the sickness to spread to
East Africa. Other authors state that the trypanosomes were present in many
other places, whereby only the absence of right number of people in the tsetse
habits prevented further knowledge of the disease. The second type of human
trypanosomiasis, the Rhodesian human sleeping sickness, was reported for the

first time in 1896 in East Africa (McKelvey, 1973).



Gambian sleeping sickness is the more infective but less virulent endemic form
and results in death mostly in two to three years if untreated. It is caused by 7.
brucei gambiense. Rhodesian sleeping sickness is the less infective but more
virulent acute form and results in death in a few weeks or months if untreated.
It is caused by 7. brucei rhodesiense (Lambrecht, 1980a; Russell, 1993). Both
are almost separately distributed, the former predominant in West and Central

Africa and the latter in East and Southern Africa (Lambrecht, 1980a).

Disastrous epidemics were reported all over West, Central and East Africa. For
example, between 1906 and 1920 the disease claimed in Congo hundreds of
thousands of lives (Morris, 1963). Between 1905 and 1914 over 200,000
people, two thirds of the entire population, died in southern Busoga, Uganda, at
the shores of Lake Victoria due to infections with 7. b. gambiense (Lester,
1939; McKelvey, 1973). In Zaire, T. b. .rhodesiense claimed about half a
million victims in the 1970’s (Cunningham, 1979). In 1995, an outbreak was
reported in Zaire and Angola with few hundred thousand cases. Other countries
that have experienced recent outbreaks of human sleeping sickness include
Cameroon, Chad, Central African Republic and Cote dTvoire. In some districts
of the western Upper Nile Region in southern Sudan, half of the human
population has died within the last years due to a dramatic outbreak (ICIPE
Annual Report 1995). African human trypanosomiasis was singled out as being
one of the six major world human diseases that should be controlled (Anon.,
1979) with over 100 million people being at potential risk. About 20,000 new

infections are reported annually (ICIPE Annual Report 1994).



Animal trypanosomiasis or its vector, the tsetse flies are believed to be
responsible for halting the southward and inland advances of Arabic peoples
into Africa between 750 and 1500, by infecting their horses (Curtin et all.,
1978). Today, about 60 - 90 million cattle are at risk of trypanosomiasis, as
well as tens of millions of goats, sheep, camels, horses and pigs (ICIPE Annual
Report, 1994). The most important animal trypanosomiasis is Nagana, which
affects cattle. About 7 million km® out of 10 million km? tsetse affected area in
tropical Africa could be used for keeping cattle. Animal trypanosomiases with
Glossina spp. as vector are caused by 7. vivax vivax, T. congolense congolense,
T. brucei brucei, T. simiae, T. uniforme and T. suis (Pollock, I). The infection
is characterised by a progressive weakness, extreme loss of weight, anaemia,
and if untreated, results in death. Animal trypanosomiases affect not only the
supply of meat and milk but also crop farming and transport system since
donkeys, camels and some cattle are still used in this way. Animal
trypanosomiases are estimated to cause indirect economic losses of about US$
5 billion yearly (ICIPE Annual Report, 1995). By 2025 Africa will have to feed
800 million additional people, that could be achieved only with a growth rate
of food production of 2.75 % every year maintaining current levels. This figure
is contrasting with a yearly growth of 1.7 % from 1961 to 1988 (ICIPE Annual

Report, 1994).

1.2 Distribution
Tsetse flies occur in the African mainland and some closed islands (except

Madagascar) between about 14°N and 29°S covering an area of about 10



million km® spanning over 38 sub-Saharan countries (Molbo, 1993). Tsetse
flies have been reported up to an altitude of about 2,200 m above sea level
(Tikubet and Gemetchu, 1984). However, the upper limit decreases generally
with distance from the equator (Jordan, 1986). Exceptionally, a population of
G. tachinoides in South Yemen (Carter, 1906) as well of G. morsitans
submorsitans and G. fuscipes fuscipes in Southwestern Saudi Arabia have been
repdrted, the latter occurring at 17°N, the northest latitude recorded for
Glossina spp. (Elsen et al., 1990).

Climate, feeding habits and vegetation determine the limits of tsetse
distribution. The isotherm with the coldest monthly mean temperature of 21°C
marks the northern boundary (Lambrecht, 1980a). Too dense or open areas are

generally avoided by tsetse flies (Glasgow, 1963).

1.3 Identification and Taxonomy
The word ‘tsetse’ originated from the Tswana community in Botswana.

Cumming established the name in English in 1850 through his popular book

“Five years of a hunter’s life in the interior of Africa” (McKelvey, 1973).

Tsetse flies are easy to identify. The wings are crossed shears-like. The ends of
wings overtop the abdomen. Nevertheless, the identification of close relative
species can be difficult. The size of flies vary between 6.5mm (G. tachinoides)
and 14 mm (G. nigrofusca) (Glasgow 1963). There is no obvious sex-

dimorphism. However, the characteristic hector and hypopygium at the hind-




sternites of males can easily distinguish the sex. In addition, the females are

usually a bit bigger in average size (Pollock I).

Glossina spp. are dipterans and belong to the family Glossinidae. Buxton

(1955) established the genera Glossina with G. longipalpis Wiedemann 1930

as generic type. Presently, some 23 species and 8 subspecies are known

(Moloo, 1993) of which only six or seven are of major economic importance

over extensive areas. These include G. palpalis, G. tachinoides, G. fuscipes, G.

morsitans, G. swynnertoni and G. pallidipes (Jordan, 1994). G. nashi was in

1955 the last new species described and named (Pollock, I). Tsetse flies are

classified into three groups, now recognised as sub-genera:

- the fusca group (sub-genera Austenina) including 15 species and sub-
species,

- the palpalis group (sub-genera Nemorpina) including 9 species and sub-
species and

- the morsitans group (sub-genera Glossina) including 7 species and sub-

species (Moloo, 1993).

The fusca group also known as the forest species comprises G. fusca, G.
brevipalpis and G. longipennis. Flies of this group are mainly found in primary
rain forests but they can also be found in secondary forests, although G.
longipennis is found in dry savannah woodland. Excluding G. longipennis and

G. brevipalpis, they are of little economic significance, since they feed on man



only in exceptional cases. Furthermore, cattle are rarely where these species

occur (Glasgow, 1963).

The palpalis group also known as the riverine species occupies mainly river
systems and the shores of some great African Lakes, but not along river
systems draining into the Indian Ocean (Jordan, 1986). In areas with long dry
seasons, they occur just in evergreen groundwater-forests. G. palpalis, G.
fuscipes and G. tachinoides are representative of this group (Glasgow, 1963).
The palpalis group is known to be generally associated with the Gambian

sleeping sickness (Willett, 1965).

The species of the morsitans group also known as the savannah species usually
occur in dry woodland savannahs at the East African coast and in a belt around
the tropical rainforests. The important species in this group are G. morsitans,
G. pallidipes, G. austeni and G. swynnertoni. G. austeni is an exception of this
group because it is found under evergreen conditions. However G. austeni
never overlaps with species of palpalis group (Glasgow, 1963). If it is too hot
and dry, the species of this group move into denser vegetation and if cooler and
wetter they spread into the more open areas (Dransfield et al., 1991). This
group is known to be generally associated with the Rhodesian sleeping
sickness, although there are several examples of converse associations with the

palpalis group and the Gambian human sleeping sickness (Willett, 1965)



1.4 Sexual behaviour

The activity and aggressiveness of males in terms of mating behaviour increase
with age in the first 1-2 weeks of the adult life (Nash, 1955; Nash et al., 1971;
Jaenson 1979). Males are capable of mating up to six times in the laboratory,
whereby performance is improved through resting periods (Jordan, 1972).

There is no evidence that the attractiveness of females to males diminishes with

age (Langley, 1977).

Females become generally inseminated early in adult life (Buxton, 1955;
Challier, 1982). In the laboratory, females are most receptive when 3-9 days
old, which is species specific (Nash, 1955; Nash et al., 1971; Rogers, 1972).
The receptivity of females declines rapidly with the number of mating
occasions and time after first mating (Tobe and Langley, 1978). It is known
that refractory females can successfully resist copulation attempts. Females
need to mate just once to be fertile for the rest of their lifetime by storing the
sperm in the spermatheca (Pollock I). Sperm was shown to live in the
spermathecae as long as 200 days after copulation (Glasgow, 1963). The

duration of successful copulation can last from 14 to 220 min (Jordan, 1994).

The preliminary attraction of a male to a female fly is the first stage towards a
successful copulation. However, there is no evidence for an olfactory attractant
(Dean et al., 1969; Turner, 1971) and for attraction by sound leading males to
females (Langley, 1977). Instead it was shown in laboratory studies that the

preliminary ‘attraction is only visual (Wall, 1989). In addition, male/male



contacts were established, although very brief (Wall, 1989) suggesting
morphological sex differences are too slight to be detected. These homosexual
contacts although brief and always rejected by the target male are commonly
known from laboratory studies (Coates and Langley, 1982). Therefore, Wall
(1989) has shown that there is no olfactory male repellence. In contrast,
Carlson and Schlein (1991) reported of volatile abstinons in the male cuticle
preventing at least partly male/male contacts and homosexual behaviour.
Furthermore, the contact events were shown to be caused not by random

encounter. Colour seems to play no role for attraction (Wall, 1989).

Contact pheromones found in the wax layer of the female cuticle surface were
found to cause sex recognition (Langley et al., 1975; Carlson et al., 1978).
These pheromones do not cause an olfactory stimulation as shown in the
laboratory and field, but males show copulatory behaviour when they get in
contact with the pheromones (Hall, 1987; Wall, 1989). Langley et al. (1987)
found chemoreceptors for contact pheromones on the tarsi and tibiae. The
number and the duration of copulation attempts were shown to be dose
dependent (Huyton ef al, 1980b; Carlson et al, 1984). Contact pheromones are
identified for several species including G. morsitans morsitans (Carlson ef al.,
1978), G. austeni (Huyton et al., 1980b), G. pallidipes (Carlson et al., 1984)
and G. palpalis palpalis (Offor et al., 1981). The latter is a riverine species
closely related to G. fuscipes fuscipes. The contact pheromones seem to be
species specific (Huyton et al.,1980a). They are present throughout the life and

increase with age (Huyton et al.,1980a). However, the copulatory behaviour of



a target-female is assumed to be even more important than the level of contact
pheromone leading to a successful or unsuccessful copulation (Langley et al.,
1982; Carlson et al., 1984). That is because females become generally
inseminated early in adult life (Challier, 1982) and the receptivity of females
declines rapidly with the number of mating occasions and the time after the

first mating (Tobe and Langley, 1978).

Additionally, it has been proposed that specimens of Glossina spp. are
identified by speed matching (by measuring the target’s speed) meaning they
would not contact non-tsetse flies with the same shape or size. This appears
reasonable since tsetse flies fly up to 5 times faster than most other flies

(Brady, 1991).

1.5 Life cycle

Tsetse flies are viviparous (Pollock, I). The same degree of viviparity within
the class of insecta is otherwise only found in members of the very specialised
group of the ectoparasiting Pupipara (Diptera) (Langley, 1977). Under ideal
laboratory conditions, the time from the emergence of an adult female to the
first larviposition is about 16 - 20 days. Further larvipositions follow at
intervals of about 9-11 days. Only one larva grows at a time (Pollock I)
nourishing from a liquid diet secretion produced by a milk gland in the uterus
(Ma, 1974). Therefore, a fertile female gives birth to few (about 4-12)

offspring in iﬁs entire life (Pollock, I).
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The adult deposits the third instar at special shady, sun protected larvae sites.
The larva moves slowly, does not feed after birth and is able to bury itself into
a light ground to a depth of about 1-4 cm (Langley, 1977). The old larval
cuticle forms the puparium, a protective case, within which the larva pupates
(Zdarek and Denlinger, 1993). At an optimal temperature of about 24-25°C the
period of pupal development ranges from about 30 days in G. morsitans to 49
days in G. brevipalpis (Zdarek and Denlinger, 1993). Generally, half of the
whole tsetse population is present as pupae under the ground. The sex ratio of

pupae is normally 1:1 (Pollock, I).

The emerging adult fly digs itself out from the soil. The newly emerged fly has
a highly compressed abdomen and thorax (Zdarek and Denlinger, 1993). The
increase in size from the newly emerged to the fully expanded tsetse is about
90% (Zdarek and Denlinger, 1992). Until the first blood meal, it has a
characteristic soft body. This stage called teneral is only known for Glossina
(Pollock I). The length of the life of tsetse depends on the species itself and the
biotic and abiotic factors. The mean length may be only a few weeks or months
with an extreme figure of about six month. Females live considerably longer

than males (Buxton, 1955).

1.6 Tsetse flies as vectors of trypanosomes
Flies fed in laboratory are able to feed on almost all vertebrates. The natural
hosts of tsetse flies include mammals, birds and even reptiles. The feeding

habits can be divided into five main feeding patterns: feeding mainly on (a)
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suids (b) suids and bovids (¢) bovids (d) mammals other than suids and bovids
and €) most available host and man (Challier, 1982). However, the feeding
pattern are not absolute and differ a lot depending on locality or availability of
host species (Lambrecht, 1980b). Generally avoided are duiker, Grant’s

gazelle, impala, hartebeest, Zebra, baboon and dikdik (Muhigwa, 1998).

Flies pick up the trypanosomes while sucking blood from an infected mammal
host. While undergoing some morphological and physiological changes the
number of trypanosomes increases within 15-35 days. The life cycle of the
vivax, congolense and brucei type of the trypanosomes differs in their sites of
development in the fly including gut, salivary gland and proboscis. Thereafter
the trypanosomes are infective. The fly remains infectious throughout its life. It
spreads the infection by spittle during blood meals into new hosts. There is no
transfer of the trypanosomes from the mother to the larva (Pollock, I). Tsetse
flies are most susceptible to an infection when young (Lambrecht, 1980b).
Baker (1958) reported a significant increase in lifespan of infected compared to
non-infected flies. However, other laboratory results support the hypothesis
that infected tsetse flies are less healthy than uninfected ones (Jenni et al.,

1980; Golder et al., 1984).

Pathogenity of the trypanosomes varies with tsetse species, subspecies and
even population (Harley and Wilson, 1968; Janssen and Wijers, 1974) and with
the species of the donor-host (Ashcroft, 1959). Infection rate of the tsetse flies

varies with the preferred host in the area, average age of the fly population
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(Pollock, I) , tsetse species and sex (Moloo et al., 1994; Moloo et al., 1995),
the species and race of trypanosomes (Moloo et al., 1994), the age of the
single fly, the species of the donor-host, the environmental conditions,
intercurrent infections and the composition of the trypanosoma population in

the donor-host (Lambrecht , 1980b).

Trypanosomes are also transmitted mechanically. Tsetse flies and other biting
flies such as Stomoxys and tabanids in Africa were found to do so. When they
feed on an infected host and get interrupted, they may move and continue
feeding on another animal and may inject some infected blood while still fresh
from the first animal (Pollock, I). However, these other biting flies have no
serious impact of African trypanosomiasis. Therefore, a positive linear
relationship between tsetse density and trypanosomiasis has been shown

(Roger, 1985).

1.7 Control of trypanosomiases

Although extensive research has been carried out during the last century,
control of human sleeping sickness and animal trypanosomiasis still remains a
problem. However, there are four basic ways of trypanosomiasis control: firstly
to avoid tsetse-affected areas, secondly trypano-tolerance, thirdly control of the

trypanosomes and fourthly control of its vector the tsetse flies.

Human settlement patterns are strongly influenced by tsetse flies showing an

avoidance of affected areas. Within the class insecta, tsetse flies are assumed to
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have the greatest impact on the human environment in tropical Africa

(McKelvey, 1973).

In less trypanosomiases affected areas, that challenge has resulted in trypano-
tolerant races of cattle (e.g. Muturu, NDama, Baoule), sheep and goats. Their
tolerance developed due to exposure to low and medium trypanosomiasis
challenge over several centuries especially in the more humid zones of West
and Central Africa. However, they do not survive within areas with high risk of
infection (Dransfield and Brightwell, 1992). Furthermore, they have stunted
growth and cows give low amount of milk. Unsuccessful attempts were made
to introduce them to East and Northeast Africa (Dotoum, 1979). But even in
East Africa, there is now clear evidence of trypano-tolerance in zebu cattle

(Dransfield and Brightwell, 1992).

Prophylactic measures involve regular injections with drugs with continuous
effect. Therapeutic measures involve treatment just after infection. However,
both methods are expensive. In addition, chemoprophylactical measures are
just applicable in areas with a low risk of infection, and strong side effects arise
usually during the therapy (Dransfield and Brightwell, 1992). Furthermore, the
parasites develop resistance to these drugs (Nyeko et al., 1988; Nyeko et al.,
1989). Probably no new drug will be developed in the near future since the
economic return of these drugs is uneconomical to commeréial companies

(Dransfield and Brightwell, 1992).
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1.8 Control of tsetse flies
The best option to control both human and animal trypanosomiasis is the
management of its vector - the tsetse fly. Since the early 1900°s, attempts for

tsetse control have continued (Dransfield and Brightwell, 1992).

Tsetse flies belong to the Holometabola. Therefore the eggs, larvae, the pupae
and the adult could be the target of control. However, tsetse flies are viviparous
(Pollock I). Furthermore, the larvae crawl only for a few minutes on the soil
before burying itself into the ground in order to pupate immediately (Langley,
1977). In addition, pupae sites are difficult to find. Thus, only few attempts to
control tsetse flies have targeted the pupae. For example, the pupae parasitoid
Syntomosphyrum spp. were released in Malawi, Nigeria and Tanzania
(Lamborn, 1925; Lloyd et al., 1927; Nash, 1933). However, they achieved little
in terms of control. The adult tsetse fly is therefore considered to be the only

suitable stage for control attempts.

There are two possible options to deal with the vectors: eradication and control.
Although eradication was achieved severally, it is very costly and re-invasion
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