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ABSTRACT

Studies were carried out on Rusinga Island and the
mainland n the Mbita Division of South Nyanza District,
Kenya, from November 1987 to December 1989 to determine the
distribution and diel activity ratterns, population dynamics
and responses of Glossina fuscipes fuscipes Newstead 1810 to
various odour attractants and trap types. The vectorial
capacity of G. F. fuscipes, a vector of both human and
animal trypanosomiasis, was also examined in the field and
in the laboratory. The details of the current
tsetse/trypanosomiasis situation were assessed in view of
the frequent cutbreaks of human trypanosomiasis in the

neighbour.ng regions.

The distribution of @. f. fuscipes was confined to
strips of thick vegetation along the lake shores. Tsetse
flies were caught all around the island. Apparent densities
of G. f. fuscipes were found to be remarkably stable on both
Rusinga Island and the mainland varying by a factor of five
and seven, respectively, during the study period. Low trap
catches were recorded during and immediately after the rainy
season. In one of the study sites on Rusinga island, the
absolute population density was estimated at 301 males and
059 females per hectare from mark—ro]ense—recapture studies.
The mortality rates for the flirs dervived by twe methods

(i.e. ovarian are cnalysis and Moran curves technigue) wern
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not significanlty correlated. Mourtality rate estimates by
ovarian age analysis showed a higher mortality on Rusinga
island than on the mainland. This high mortality was

recorded during the rainy season on the island.

3%

Reproductive abanormalities in female flies did not exceed
% indicating that the populations were not under stress.
Using a random diffusicn equation, fly movement was
estimated at 112 m per day. The short distance travelled
implied that if corntrol programmes involving traps were to
be initiated they would have considerable ¢ Cfect on the
tsetse fly populations in uroas.withjn tne vicinity of traps
(e.g. viliages). However, control of the flies from larvge

areas would be difficult.

Studies of odour attractants indicated that the use of
cow and human urine, acetone, l-octen-3-01, phenolic
fractions and washings from a monitor lizard and a goat as
attractants did not enhance trap catches. Trap catches of
females were inconsistent when acelone and cow urine were
added to traps. At times the flv catches increased and at
other times decreased. Females were strongly repelled by
combinaticons of acetone, cow urine and phenolic fractions.
The causal faciors for this response cre discussed., Of the
six trap designs compared, the bLiconical Lvap w . s the nost
effective followed by the pyvramidal trap, NG2B and NG2G,

Vavoua and I3 traps.
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Trypanosome infection rates in wild-collected flies
were very low {0 % on Rusinga island and 0.1 % on the
mainland). Laboratory studies indicated that although G. f.
fuscipes was significantly less susceptible to mature
infection with T. congolense and T. brucei than g@G.
pallidipes there were no significant differences in immature
infections between the two fly species. © It was unlikely
that an epidemic of human trypanosomiasis transmitted by
G. f. fuscipes would Oozur on Rusinga island arn i the
immediate area on the mainland. This is because of the
confinement of the fly distribution to strips of vegetation
along the lake shores, the nature of fly feeding patterns

and the absence of trypanosome rescerveir hosts in the area.

s



CHAPTER 1

GENERAL INTRODUCTION AND LITERATURE REVIEW

GENERAL INTRODUCTION

Tsetse flies (Glossina species) are the vectors of the
pathogenic salivarian trypanosomes that cause African
trypanosomiases. These parasites affect both man and his
domestic livestock causing sleeping sickness or human
trypanosomiasis and nagana or animal trypanosomiasis,
respectively. Tsetse flies and the diseases they transmit
occur in an area of about 10 million square kilometres

spanning 37 sub-Saharan countries (FAO, 1979; WHO, 1987).

Recent estimates by (WHO) (1987) indicate that 50
million people living in or around areas where the disease
is endemic are at risk of infection. Only 10% of this
population is under surveillance and the World Health
Organisation (WHO) aims to raise this figure to 80% by 1992,
On the average about 20,000 new cases are reported each
year. African human trypanosomiasis is considered by WHO as
one of the six major tropical diseases including malaria,

schistos6fiiasis, filariases, leshmaniases and leprosy.

FAD (1879) reported that "animal trypanosomiasis is

probably the only disease which has profoundly affected the



settlement and cconomic development of a major part of a
continent.” 1in light of the magnitude of the problem
presented by the disease the Food and Agricultural
Organisation of the United Nations (FAO) considers the
control of the disease obligatory and as a high priority
issue for increasing agricultural production in support of

general economic development in Africa.

The impact of animal trypanosomiasis is both direct and
indirect. The direct effect is in the form of deaths of
livestock due to the disease and the financial requirements
for control operations. The disease indirectly aftects
agricultural productio.. and rural and national economies by
the deprivation of benefits that would be obtained from

cattle (Wilson et al., 1963; FAO, 1979).

It is impossible to quantify the losces caused by
animal trypanosomiasis. This is because there are so many
other factors that may contribute to its fatality such as
other diseases, problems of availability of water and
pasture for livestock development and the difficulties of
access to some affected areas to determine mortality.
However, despite Lhese constraints some authorities
(OAU/STRC, 1980; Jordan, 1986) consider that animal
trypanosomiaisis is%often the single most important
censtraint preventing the exploitation of the vast potential

of livestcck developmeni, in Africa.



FAO (1979) estimated the potential for meat production
in tsetse infested areas, if the disease was cleared in
Africa. The area that is tsetse infested which could be
used for livestock production was estimated to be about 7
million square kilometres. The average potential carrying
capacity was estimated at 20 cattle per square kilometre and
the total potential population of tsetse fly infested zone
at 140 million cattle. At that time the cattle population
in this area was only 20 million. The average cattle
productivity in Africa was estimated at 12.5 kilogrammes per
head per year and additional meat production at 1.5 milion
tons per year. The value of additional meat production

taken at a cost of 50 US cents rer kilogramme was estimated
at US $§ 750 million. Thus there is vast potential for
livestock production in tsetse infested areas but that this
potential is not exploited because of the presence of tsetse
flies. This has restricted livestock production to areas
where tsetse flies cannot survive causing pressure on land
usage as a result of shortage of pasture. If food
production is to ie increased to meet tle requirements of
the African human popu.ations, there is need to claim the

tsetse infested areas.

There are various approaches to trypanosomiasis control
and these have been discussed in detail by Jordan (1986).

Methoeds of control can be directed at the parasites or the

.



vectors. For the former, potential methods include the use
of trypanccidal drugs, immunisation and the use of
trypanotolerant breeds of livestock. Of these methods the
use of trypanocidal drugs is the most common. Although
drugs can be highly effective if proper treatment regimes
are followed, the high costis involved and the development of
drug resistant strains of trypanssomes iimit their use
(Jordan, 1986). With no trypancsocidal drug develnped for
many years a search for alternative methods is essantial.,
The use of trypanotolerant breeds of cattle, sheep and goats
in tsetse fly infested areas is an important alternative.

In West Africa, for example, several breeds of cattle can
survive and reproduce in tsetse fly infested areas without
chemotherapy. The disadvantages of the use of
trypanotolerant breeds of cattle include the need for high
financial inputs required coupled with slow economic returns
due to the slow breeding cyvcle of the cattle, Additionally,
there is cultural resistance to small breeds of cattle,
characteristic of the trypanotolerant breeds identified in

West Africa.

Vectcr control methods include avoidance of hosts from
contact with tsetse flies, clearing of vegetation,
destruction of wild animals, application of insecticides,
sterile male release techniques and the use of traps and
insecticide-impregnated targeis. Vector control in its

various forms has contributed considerably to the control of

-



the disease. Earlier methods employed such as game
elimination and clearing of vegetaticn are no longer
favoured because of the wastage of natural resources and
environmental damage (Jordan, 1986). The use of
insecticides is still the most common vector control method
today. There is as yet no strong evidence indicating the
detection of resistance to any insecticide in tsetse flies
(Jordan, 1986; but see also Turner and Golder, 198%), This
method has come under ~vitisism from environmentalists due
to pollution and the adverse effect it has on non-targets
organisms, Intensive research into the ecology, hehavicur
and physiology of the fly is, therefore, being carried out
to develop environmentally safer methods. Among these are
the rational uses of chemotherapy, the use of traps and
targets, identification and use of tsetse attractants and
the release of sterilized male tsetse flies to reduce tsetse

pPopulations.

This project was an attempt to provide further
information on the biology and population dynamics of G. f.
fuscipes that, would be needed for jits centrol, with
particular reference to the Qqe of traps. The objectives of

the study were therefo~  to:

1. determine the distribution of Glossina fuscipes

fuscipes on Rusinga Island and along the shores of Lake

s
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Victoria in Mbita Division, South Nyanza District,

Kenya.

investigate the population dynamics of G. fr. fuscipes
in the study areas with a view to designing better

control methods for the subspecies.

elucidate the efficacy of various trap-types for the
capture of G. f. fuscipes in the field as a control

technique,

determine the vectorial capacity of G. f. fuscipes for
trypanosomes of the congolense and brucei types and to

determine its role in trypanosomiasis transmission.

give insight into the current tsetse/trypanosomiasis
situation on Rusinga Island and the immediate mainland
in Mbita area in view of the frequent outbreaks of

trypanosomiasis in the neighbouring regions.

provide data which would assist the Government of Kenya
to make decisions on whether or not it it is necessary
to carry out control measures in localities dominated

by this subspecies of tsetse flies.

s



LITERATURE REVIEW

Systematics

All tsetse flies are rlaced in the genus Glossina. In
recent years authorities have placed the genus in an
independent family, Glossinidae (Brues et al., 1954;
Haeselbarth et al., 1966). According to Glasgow (1970a) the
genus comprises 22 species., The revised ligt (Table 1) of

species and subspecies was recently reported by Jordan

(1986).

The genus is subdivided into three groups on the basisg

of the characters of the male and female

.

genital armatures
namely; the fusca, palpalis and morsitans groups (Newstead,

1911; Newstead et al., 1924), These groups, which were

initially established on the basis of morphology only, have

been confirmed by studies of the general habitat preferences

of the flies and their genetics (Jordan, 1974), Glossina
fuscipes fuscipes belongs to the palpalis group and has the
status of a subspecies together with G. r. quanzensis and G.

f. martinii following the taxonomic revision of Machado

(1954, 1959, cited by Potts 1970a).
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Distribution of Tsetse flies

Ford (1970, 1971) has described the zoogeography of the
genus Glossina. At present tsetse flies are found only in
sub-Saharan Africa. However, there is evidence of there
having been a much wider distribution of tsetse flies in the
past from observations made in Arabia by Carter (1906, cited
by Ford, 1970), and fr-\ the fossil records of tsetse dating
back to 40 million years ago found in the Oligocene shales

of Florissant, Colorado, in North America.

The tirst edition of tsetse distribution mavs were
complied by Potts in 1953-1954, These were updated and
revised by Ford and Katondo (1977a, 1977b) ard published as
the second edition. These authors took into account recent
changes in the systematics of tsetse species. In his review
Challier (1982) summarized all available information on
tsetse distribution from 1970-1981 and more recently Katondo
(1984) revised the second edition of the tsetse distribution
maps to indicate the recent retreats and expansions of the

tsetse belts as well as tsetse cleared areas following

control operations.

The distribution of tsetse filies in Africa generally
falls between latitudes 14° N and 9% 8 representing an area
of about 10.8 million square kilometres {Eouzan, 1977).

Eouzan also stated that climate, vegetation and availability
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of animal hosts of the flies determine the extent of the
distribution. He further observed that the Sahara Desert
forms the northern limit of the distribution because of the
arid conditions which are unsuitable for the survival of
tsetse flies. Cold temperatures due to mountainous areas
and the hot Kalahari Desert limit the distribution in the
south-east and south-west of the African continent,

respectively.

The distribution of the fusca, palpalis and morsitans
groups was recently reviewed by Jordan (1986). This review
reveals that the distribution of the species of the fusca
group is less known than the other two groups because they
are economically important and secondly, their presence is
difficult to deteci. These species were shown to mostly
occupy various types of rain forests whereas G. haningtoni,
G. nashi. G. tabaniformis, G. vanhoofi, G. severini and in
some cases, G. nigrofusca inhabited jowland rain forests.
However, €. fusca, G. schwetzi, G. fuscipleuris, (.
medicorum and in some cases, (. nigrofusca occurred in
forested areas outside the lowland rain forests such as the
edge of the rain forest, in forest along water courses and
forest islands (relic forest) (Jordan, 1986). In East
Africa two species of this group, G. brevipalpis and G.
longipennis, occupy atypical habitats. The former occupies
islands of forest, often associated with water courses while

the latter inhabits semi-arid areas.
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The species of the palpalis group like those of the
fusca occupy the lowland rain forests, but the distribution
of these species extend into the drier savannas along rivers
and streams. They occur along river systems draining into
the Atlantic Ocean, Mediterranean Sea and the inland
drainage systems of some of the big African lakes, but not
along river systems draining into the Indian Ocean (Jordan,
1986). G. p. gambiensis and G. p. palpalis occur in lowland
rain forests and are also found in drier savanna areas
associated with water courses. The former species occurs to
the west and north of an irregular line from the coast in
Sierra Leone to northern Benin, while the latter occurs to
the south and east of this line extending south, along the
western part of Africa, to Angola (Jordan, 1986),

G. pallicera occurs in the rain forest and G. caliginea in
the coastal mangrove communities but penetrates into the
rain forest in West Africa. @. tachinoides mainly occupies
areas along rivers and stroams‘in the savannas of West
Africa outside the low.and rain forests but it can invade

areas cleared of forest.

G. fuscipes mostly occupies the Congo Basin, but the
distribution extends further north and east into the basin
of the Upper Nile (Ford, 1970). Ford considered that the
original G. fuscipes populations inhabited a large part of

the Congo forest which was rooted in Kalahari sands. Dry

s



epochs that occurred around 75,000-52,000 and 10,000 years
ago followed the emptying of the Miocene lake and the
reduction of the pervi-l-custrine forests occupied by this
species in the region, to mere gallery forests. This
process led to a segregation of the populations of

G. fuscipes occupying the northern parts of the basin from
those of the Kasai and other main tributaries that follow a
meridional course across the Congo Basin from the region of
the present day Angola border. This isclation led to the
development of G. f. quanzensis which is a gallery forest
tsetse fly in derived savanna or forest mosaic vegetation.
G. f. martinii evolved independently as a result of the
isolation of Lake Tanganvika long after the final formation
of this lake in the middle Pliocene. The distribution of
G. f. martinii which is mainly in the Lualaba Valley in
Zaire, extending into the Luapula Valley in Zambia, is
smaller than that of the other two subspecies. This is a
gallery forest tsetse fly of the Miombo woodlands dominated
by Brachystegia trees. G. f. fuscipes has a far wider
distribution than either of the other two fuscipes
subspecies. It occupies the great central rain forest of
the present day Zaire; the distribution extends north to
Chad, the Central African Republic, Cameroun, Gabon, and to
the north-east and east to Sudan, Ethiopia, Uganda, Kenya
and Tanzania (Ford, 1970, 1971). 1In Kenya, the distribution

of G. f. fuscipes is restricted to the area around Lake
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Changes in the Distribution of palpalis group of Tsetse

flies

The distributicon of the palpalis group, unlike that of
the morsitans group, has changed very little with respect to
changes in human populations and their activities (Rogers
and Randolph, 1986a). As Jordan (1986) has observed, "it is
likely that these species occupy much the same area today as
they occupied when man first became a dominant feature on
the African scene.”" Studies of G. tachinoides, for example,
in the forest/savanna mosaic zones of southern Nigeria
carried out by Baldry (1964, 1980) and Madubunyi (1986) and,
of G. palpalis palpalis in Ivory Coast by Gouteux and
Laveissiere (1982), have demonstrated that these species
have adapted to habitats modified or created by man. These
habitats include sacred groves, oil palms, banana, coffee
and cocoa plantations. Under such conditions, their
original preferred hosts having been either eliminated or
driven away, the tsetse flies utilize available alternative
hosts like reptiles, man and his domestic animals. Baldry
(1980) suggested that there is a close association between
foci of the West African human trypanosomiasis and the

preséhece ef pigs.
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Evidence is accruing from the environs of Lake Victoria
in Uganda and Kenya that G. f. fuscipes can also be closely
associated with man and utilize peridomestic habitats
(Willett, 1965; Okoth, 1980; Okoth and Kapaata, 1987). In
Busoga and Lugala, Uganda, Abaru and Matovu (1981),
Ssebalijja (1981) and Okoth (1982) reported that the
population of G. pallidipes and G. brevipalpis, once
abundant species, were declining while that of G. f.
fuscipes was gradually increasing because of the increase in
human settlements. G. f. fuscipes increased in numbers
probably because it could utilize peridomestic habitats such
as plantations and hedges of Lantana camara and because of
its opportunistic feeding behaviour. The presence of humans

could have reduced the prefered hosts of the other species.

Ecology and Population Dynamics of . f. fuscipes

Population ecology of Glossina species was reviewed by
Buxton (1955), Glasgow {1970b) and more recently by Rogers
and Randolph (1985). 1In their review they outlined the
general theory of regulation of populations and applied it
to explain changes in the distribution and abundance of
tsetsé populations. They further outlined the problems
associated with sampling tsetse flies and related them to
the interpretation of data relevant to tsetse control

strategies.



Studies on the population dynamics of G. f. fuscipes in
Kenya are scanty. Glasgow (1954) while assessing the
feasibility of bush clearing as a method of controlling
tsetse in Central Nyanza, estimated changes in apparent
densities of G. f. fuscipes in blocks of vegetation he
demarcated near the lake shore for a period of up to six
vears and three months. In one of the blocks, in addition
to relative estimates, he also estimated absolute population
densities by marking, releasing and recapturing non-teneral
males. He observed that although there were long term
fluctuaticns in apparent densities these were neither annual
nor related to season. However, populations in lake-side
blocks fluctuated together and so did the riverine blocks,
but the two groups fluctuated indepedently of each other.

He estimated the population in one of the blocks to be about
250 males per hectare with a mean death rate of 26 % per
week (4.2 % per day) and a mean longevity of 27 days. On
the basis of the proportions of tenerals, non-teneral
females and males in the catches biting man he came to the
conclusion that riverine G. f. fuscipes were more hungry
than flies of the same species caught on the lake shore
because the proportions of each group biting man were higher
along the rivetr than along the lake shore. Bursell and
Glasgew (1960) reported the opposite after observing that
rive¥ihe puparia and flies were lightly larger than those

caught from the lake shore. They concluded that the latter



were under stress as compared to the former and suggested
that climatic factors (temperature and saturation deficity)
were responsible. Thev suggested that higher temperatures
at their study area along the lake shore led to rapid
utilisation of food reserves in flies, which in turn led to
an increase in the percentage of males caught and production

of smaller puparia by females.

McCornell (1912) who observed the habits of G. f.
fuscipes in Uganda noted that the most favourable habitat
was the "conjuction of a tree or scrub shade, water and
rocky clean bank."” Fiske (1920) and Gibbins (1941)
confirmed this finding and showed that G. f. fuscipes mostly
inhabited riparian forests within which flies were mostly
caught less than 91 m from the edge of (he water. However,
flies could range up to a few kilometres inland if
conditions, such as shelter, animal hosts and breeding
grounds were suitable. Chorley (1944) working in Busoga,
Uganda, observed that G. f. fuscipes bred as far away as 19

km from the lake shore.

Rogers (1977) working in South Busoga in Uganda
investigated the population ecology of G. f. fuscipes. He
repoftéd that the distribution of flies was related to the
amoUht &f 1ight réaching any particular area and hence was
deterifiined by the vegetational cover. Oloo (1983) who

studied the ecology of the same subspecies at Gunga in Kenya



also observed that of ..ue physical factors (temperature,
relative humidity and light intensity) light intensity was
the key factor controlling fly activity within the
temperature range of 20-36 °C when the flies were active,
Within this temperature range, fly activity did not
significanly vary in relation to changes in temperature.
There was also no significant correlation between changes in

relative humidity and numbers of tsetse flies caught.

Harley (1965) reported that in Lugala in Uganda diel
activity patterns of G. f. fuscipes occured between 5.00 and
19.00 h. He observed that maximum activity occured between

10.00 and 16.00 h and that peak activity varied from site to

site and season 1o scason. Oloo {1S83) cbtained resulits
falling within this ra je at Gunga in Kenya where he

recorded peak activity to occur at 10.45 h.

From mark-releasese~recapture studies Rogers (1977)
estimated that male flies had a feeding interval of four
days as reflected by regular peaks obtained in the recapture
rate. He observed that the concentration of marked flies
decreased regularly with distance from the point of marking
and release and suggested that this was a result of random
movement of the flies. Using a simulation model he
estimated the distance moved by male G. f. fuscipes to be
338 m per day. However, Gibbins (1941) had earlier reported

that movement of this fly along the rivers in Uganda was



gquite considerable, flies covered 6-8 km in 7-8 hours during

the day.

Oloo (1983) reported that G. f. fuscipes larviposited
in three sites near the lake shore including the sloping
edges of drainage systems, flat surfaces between buttresses
of trees, below inclined stems and in holes in the stems or
in the ground covered with vegetation. Resting sites
observed included rock surfaces, fallen branches twigs and
upper sides of leaves, Studies conducted in Busoga, Uganda,
by Okoth (1986a) indicated that G. f. fuscipes was
peridomestic, breeding in coffee, banana and Lantana camara
thickets as well as under house verandahs and, on one

occasion inside a hut.

The use of Odour-baited Traps/targets for Sampling and

Controlling tsetse flies.

The first recorded use of trapping mechanisms (in this
case screens) to catch tsetse flies dates back to 1910 when
Maldonado (cited by Buxton, 1955) had his workers wear on
their backs a black piece of cloth covered with "bird lime"
to catch . p. palpalis on the Island of Principe, off the
west coast of Africa. This was part of an exercise directed
at. controlling an epidemic of sleeping sickness which had

developed among the workers engaged on the cocoa and coffee



plantations. Lamborn (1915) and Ruttlicdge (1928) also used
"bird lime” to¢ catch tsetse flics but with little success.
However, screens without adhesive substances were used by
Jack (1941) and Barrass (1960) as a means of attracting

tsetse before being caught with hand nets.

The first trap "proper” was designed by Harris (1930)
(cited by Buxton, 1955) in Zululand, South Africa, for use
against G. pallidipes. This proved successful and was used
in a control campaign against this species, Harris'’s trap
was tried by other workers elsewhere, either in its original
or modified form, for other isetse species including G. f.
fuscipes but with varying degrees of success (Swynnerton,
1933, 1936; Jack, 1941, Langridge, (975 and Mocloo, 1973).
Many other designs of traps were developed with similar
successes (Chorley, 1933; Lloyd, 1933: Lewillon, 1945,
quoted by Buxton, 19535; Morris and Morris, 1949 and Morris,

1960).

Swynnerton (1933) remarked about the relative readiness
with which G. f. fuscipes entered traps and suggested that
trapping could be used to destroy this fly. Despite the
early promising results, the old traps were cumbersome to
handle and were not very effective, Until the late 1960s
most of the data on ecological studies were based on samples
collected using hand netls supplemented by data for catches

from various traps (Vale et al., 1985). Jordan (1986) in a



discussion of the use of traps in control! campaigns
concluded that up to about 1960 there were clear indications
that traps could be used to control the palpalis group of
flies with linear distribution along water courses or
infesting islands but not the morsitans group with a much

wider dispersal.

The design of the biconical trap (Challier and
Laveissiere, 1973) and its improvement (Challier, et al.,
1977) rekindled the interest in the use of traps for
ecological studies. Following this, the effectiveness of
various traps was again assessed (Hargrove, 1977; Owaga,

1981 and Ryan and Molyneux, 1982).

Studies hy Vale (1974a, 1974b) on the responses of
tsetse flies to mobile and stationary baits gave insight
into the understanding of Lhe behaviour of isetse flies. He
observed that the presence of man in the field (in an
upright posture) depressed the catches, especially of
females. Hargrove {1976) confirmed results obtained earlier
by Vale and Vale (1579) further showad that lactic acid
which occurs on human skin was a repellent to flies. In his
previous studies Vale (197¢) had exposed the weaknesses of
the previous methods involving the use of hand nets. He
asserted that the basic problem was that such methods
undersampled the female component of the tsetse populations

though it was known that in nature the sexes emerged from



the puparia in equal proportions and that females outlived
males. Thus, this served as an impetus to researchers for
improving trap designs for sampling the morsitans group of
flies (Hargrove, 1977; Vale, 1982a, 1982b; Flin., 1983),
using odour baits (Hargrove, 1977; Vale, 1985a, 1985h;
Owaga, 1984, 1985; Dransfield et al., 1986). The
development of more accurate methods of testing traps using
electric screens (Vale and Hargrove, 1979) contributed a
great deal to the improvement of trap design. Following
these developments, Brightwell et al. (1987, 1990) designed

a more effective trap for controlling G. pallidipes.

The biconical trap of Challier et al., (1977) proved
effective for a wide range of tsetse species particulary
those of the palpalis group for which it was designed. To
reduce costs, variants of this trap were developed mainly
for the palpalis group of flies, that is, the monoconical
trap (Lancien, 1981), the pyramidal trap (Gouteux and
Lancien, 1986) and the Vavoua trap (Laveissiere, 1989).

Some of these variants were more cost-effective but not

necessarily superior to the original biconical trap.

Swytiherton (1933) described various traps some of which
incorporated animal baits to enhance catches. He observed
that the presence of & calf in a trap raised the catch of G.
pallidipés even if the calf was not visible to the flies.

In his discussion of scent as a bait he noted that animal

-



products such as urine, dung, blood and hides, however, were
unattractive to G. swynnertoni and G. pallidipes. He
concluded, "Naturally we cannot sprinkle a large piece of
country with calf-traps. Our effort now is to ascertain
which of the scents of an animal is the one (if there be
only one) tﬁat attracts the tsetse and then ask the chemists
if they can reproduce it. We shall also test scents
empirically...”. Lloyd (1935) working in Shinyanga,
Tanzania, reported similar results on G. swynnertoni.
Chorley (1933) werking in Uganda smeared the fat of
cormorants and crocodi’ :s, and extracts of animal glands
(sebaceous and other) on his traps and found that these were
attractive to G. f. fuscipes. Bax (1837) observed that G.
swynnertoni responded te a herd of cattle and men passing at
a distance of about 55 metres but not 91 metres. Chorley
(1948) tested cattle dung and urine for attractiveness to
tsetse flies in shelters near which they were captured with
hand nets. He caught more tsetse flies near baited shelters
than elsewhere. He also observed that in the field, G.
morsitans congregated around bherds of elephants, G.
pallidipes around buffaloes and G. palpalis around
hippopotamus. Hughes (1957a) reported that G. morsitans
responded to various acids, alcohols and other compounds 1in
the laboratory. In anolher study Hughes (1957b) found that
vapour distillates from sump oil had no effect on @,
palpalis contrary to observations made by Bax (1937} on @.

swynnertoni. Langridge (1960) applied lanolin (a



preparation made from sheep-wool grease), and hair and skin
scrapings of pigs treated in benzene, on vegetation in G.
pallidipes infested areas of Shimba Hills, Kenya. He
observed that such applications increased the catch of flies
two and five times, respectively, along treated sectors of
the transect. By applying hot-water washings of pigs
treated with petroleum spirit on the hessian of tsetse traps
Persoons (1966) improved the catches of 6. pallidipes and

G. f. fuscipes in Uganda.

Interest in odour attractants then declined until the
1970's when the rediscrrery of electric~-nets that made it
feasible to determine the responses of flies to baits in the
absence of man (Vale, 1974a, 1974h). Vale's study
demonstrated that host odour released at the base of traps
significantly raised the catch of &G. morsitans and G.
pallidipes, There was a positive correlation between the
amount of host odour dispensed with the number of flies
caught. Bargrove and Vale {(1879) suggested that it was
possible to employ odour baited traps for tsetse control.
Although host odour was identified as attractive to G.
morsitans and &G. pallidipes it was expensive and
inconvenient Lo use live animal bhaits in the field. There
was, therefore, need te determine the chemical components
that constituted host odour. Frezil and Carnevale {13786)
working irdependently in Congo observed that carbon dioxide

raised the ecatch of G. f. gquanzensis. By applying carbon
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dioxide as dry ice to traps they increased the catch 40
times. They suggested that, apart from ecological studies,
biconical traps could be used for control of sleepingv
sickness in Congo. Vale (1980) found that carbon dioxide
and acetone increased by up to six times the catches of G.
m. morsitans and G. pallidipes when dispensed separately i1

together in the field in Zimbabwe.

Owaga (1984, 1985) raised catches of G. pallidipes by
addition of buffalo urine to biconical traps in Nguruman,
Kenya. Buffalo urine was found to be ten times more
effective than the control and about three times more
attractive than acetone. Hall et al. (1984) identified and
isolated 1-octen-3-0l as one of the active components of
cattle odour. They found that it elicited
electroantennograghic responses from G. m. morsitans and G.
pallidipes with a dose-response curve about 10% times more
potent than acetone. l-octen-3-0l was observed to be
attractive to tsetse flies by itself in the field and
appeared to play a synergistic role by increasing the
attractiveness of ox odour and mixtures of carbon dioxide
and acetore. Dransfield et al. (1986) working in Nguruman,
Kenya, tested various ketones, il-octen-3-0l, cow and buffalo
urine as odour attractunts for G. pallidipes. They found
that acetone, methyl ethyl ketone and l-octen-3-0l increased
catches by 9-25 times and that cow urine was as effective as

buffalo urine. They suggested tha! the combination of cow
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urine with acetone could be used as baits for community
participation tsetse control schemes. Hassanali et al.
(1986) identified seven phenols (phenol, 3-methylphenol,
4-methylphenol, 3-ethlyphenol, 4-ethlyphenoi,
3-n-propylphenol and 4-n-propylphenol) in buffalo urine as
the main phenolic components., Following this discovery
Gough et al. (1987) identified eight phenolic fractions of
cow urine two (4-methylnhenol and 3-n-propyphenol) of which
were as attréctive to G. pallidipes as the total mixture.
Similar otservations were reported by Owaga et al. (1988)
who used buffalo urine. Further studies by Vale et al.
(1988) indicated that catches of G. m. morsitans and G.
pallidipes in traps baited with acetone and l-octen-3-ol
were increased by the addition of a synthetic mixture of
eight phenols found in cattle urine to propotions equal or
greater than those in natural urine. The addition of
natural urine to the synthetic mixture did not increase
catches further, indicating that the phenols accounted for
essentially all the attractiveness of cattle urine. Vale
and his team also observed that 4-methylphenol and 3-n-
propylphenol were the attractive fractions in cattle =irine
while 2-methoxyphenol reduced attractiveness. They found
that 4-methylphenol was slightly attractive to Loth .. pecies,
but only for males, increasing catches by about 50 %.
3-n-propylphenol increased catches of both speciegs by about

50 %. Recently Warnes (1989) reported that ox sebum
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significantly increased the catches of G. m. morsitans and

G. pallidipes in field trials in Zimbabwe.

Most of the work on odour atiractants has been
conducted on savannna species, particulary G. pallidipes and
G. morsitans. Apart from studies reported by Frezil and
Carnevale {1976) on G. f. quanzensis, very little appears to
have been done on the palpalis group until the mid 1980s.
Galey et al. (1986) increased the catch of G. tachinoides
more than three fold by releasing carbon dioxide near traps.
Merot et al. (1986) increased the catch of G. tachinoides in
Burkina Faso by applying ox odour. Cheke and Garms (1988)
doubled the catch of G. p. palpalis in Liberia by
incorporating acetone and l-octen-3~o0l to traps. But they
found that phenols or a combination of all the three
chemicals did not increase the catch. Spath and Kupper
(1989) working in Ivory Coast raised the catch of G.
tachinoides in biconical traps by 40 % by using a mixture of
3-methylphenol, 4-methylphencl and l-octen-3-ol in the ratio
1:1:2. Merot (1989) reported that odours emanating from a
man, a pig and a cow acted as attractants for G.
tachinoides. He further noted that the combinatinn of
m-cresol and l-octen-3-0] was etfective for the sanmc Dec i es
especially when used at the end of the dry season. When
applied singly l-octen-3-0l had nc¢ effect on G. tachrnoides.

He did not evplain how seasonality influenced the catches.
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Research in central and west Africa concentrated on the
development of the visual attractiveness of traps and
targets. In southern Africa investigations focussed on the
improvemernt of insecticide-impregnated targets with odour
baits. Vale et al. (1.36) demonstrated that insecticide-
impregnated odour baited targets were effective for reducing
populations of G. m. morsitans and G. pallidipes on
Antelope island in Zimbabwe. They estimated that on this
island of 1.5 km?, targets baited with acetone and l-octen-
3-0l were required at densities of 5 per kmz'for G. m.
morsitans and 2 per km2 for G. pallidipes to kill 2 % of
each species. They suggested that targets had several
advantages over other tsetse control methods because they
were simple to construct and deploy, required a reduced
demand for imported skills and materials and had a reduced
risk of ecological damage. Targets had another advantage in
that they could be deployed any time of the year while
conventional methods of tsetse control could only be applied
effectively during restricted seasons. Recently, some
researchers (Vale, 1974b; Bursell, 1977; Hargrove, 1977;
Langley and Weidhass, 1986; Langley and Hall, 1986) have
concentrated on the development of odour-baited traps that
would capture, sterilize and release wild flies. However,
Dransfield et al. (in press) considered that the high costs
of maintaining automatic devices in the field or synthentic
juvenile hormone analoques would be prohibitive. Such an

appréach would also negate the participation of local
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communities, an approach stressed in east Africa.

Brightwell et al. (1987, 1990) designed a simple trap which
was reported to be very effective for G. pallidipes. The
effectiveness of the trap was enhanced by the use of acetone
and cow urine (see Dransfield et al., 1986). In the
Nguruman area of Kenya Dransfield and his team mobilized the
rural communuties of Masai to construct such traps which the
Masai also assisted in deploying and maintaining near their
homesteads. This approach reduced populations of G.
pallidipes by 99.9 % with the concomintant red: :tion of the

threat of nagana to several thousands head of cattle.

For the riverine species, Gouteux and Challier (1978)
employed unbaited biconical traps impregnated with
decamethrin to control G. p. palpalis in Ivory Coast.

Eouzan et al. (1981) tried to control G. f. quanzensis and
G. p. palpalis using blue screens impregnated with
decamethrin in Congo. The results were poor but there were
indications that biconical traps which were used for
sampling were themselves effective in reducing fly
populations. There has since been several trials in Central
and West Africa involving the use of screens and traps for
tsetse control with some success (Lancien et al., 1981;
Laveisseire and Couret, 1981, 1983a, 1983b; Kupper et al.,
1984; Kupper et al., 1.385; Laveisseire et al., 1986; Gouteux
et al., 1986). Laveissiere et al. (1986) and Laveissiere

(1987) also invelved rural communities to control human
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trypanosomiasis with traps and screens in the Ivory Coast
with success. A similar approach was reported by Okoth
(1986b) in Uganda to control G. f. fuscipes. Further
research is needed to determine odour attractants that would
increase the effectiveness of screens and traps for the
palpalis group as is the case for the morsitans group. This
review has revealed that no odour baits are in use for the

control of G. f. fuscipes.

1

Vectorial Capacity of ' .etse flies

Pathogenic trypanosomes Lthat infect tsetse flies were
reported (Buxton, 1955; Hoare, 1972; Pollock, 1980) to
follow certain routes in the fly during the course of their
development. These routes or sites have been used to
categorize trypanosomes into broad groups. Thus,
trypanosome infection of the hypopharynx and labrum conly are
attributed to the trypanosome subgenus Duttonella (or the
vivax group), of the hypopharynx and gut to the subgenus
Nannomonas (or congolense group), and that of the
hypopharynx, salivary glands and gul to the subgenus
Trypanozoon (or brucei group). The durstion of trypanosome
development in the tsetse fly was also reported by Buxton,
Hoare and Pollock to di“fer in relation to the life cycle of
each 8ubgenus; those of the vivax group generally taking the

shortest time and the brucei group the longest.



Determination of the many factors that influence the
development of trypanosomes in Glossina has been a subject
of extensive research reviewed by many authors (Buxton,
1955; Hoare, 1970, 1972; Jordan, 1974, 1976; Molyneux, 1977,
1980; Moloo, 1980). Molyneux grouped all the factors that
are involved under three brocad headings. These include: (a)
endogenous factors associated with the fly (fly age'at
infective feed, sex of fly, genetic differences between fly
species or within species, bhehaviour, physiolecgical and
biochemical state of {ly ard concurrent infections of fly
that is, viral, bacteri-1l and Tungal infections); (b)
ecclogical factors {climate, availability of Infecled hosts,
hosts available for subsequent feeds)i; (¢) parasite and Lost
(parasite numbers available to fly, Lype of parasite and its
infectivity to fly ~ immune state of hosi, subspecies -
strain, susceptibility, intercurrent infection, behaviour

and attractiveness to fly).

The sarliest studies on the vectorial capacity of &. Ff.
fuscipes were undertaken following the great epidemic of
Gambian sleeping sickness that occured early this century
around the Lake Victoria region. Duke (1933a) reviewed all
records from both field and laboratory studies available
then on trypanosome infection rates and noted that in any of
the tsetse specles investigaled it was a rare occurrence to

get 20 % infection rates. In the field it was rare to f{ind



more than O.1 % or 0.2 % of flies infected with the brucei
type of trypanosomes although 20 % or 30 % of the game
animals from which flies derived their blood meals carried
trypanosomes. Gibbins (1941) working in the Nile District
of Uganda aissected 2,122 @, . fuscipes (721 males and
1,401 females) but found none infected with trypanosomes
despite that 215 cases of sleeping sickness had been
diagnosed in the same area. Laboratory experiments
involving 320 males and 503 females ylelded the same
results.

The vectlorial capacity of . f. fuscipes has been
compared with other tsetse species in Lhe laboratory by
various workers, Duke (1933a, 1833b, 1936) found that
G. morsitans was significantly more susceptible to infection
with T. b. brucei and T. b. rhodesiense than G. . fuscipes.
In one such study 6.5 % of 3,119 G. moersitans were found
with positive salivary glands while only 2.9 % of 3,236 @G.
f. fuscipes dissected were infected. Harley and Wilson
{1868) compared G. f. fuscipes, G. pallidipes and @G.
morsitans infeclted with T. congolense. They found that G.
. fuscipes was a poor vector with an infection rate of
2.9 % as cowmpared te 11.6 % in G. morsitans and 13.2 % in
G: paliidipes. The pootr veclorial capacity of the palpalis
graup of (lies for congolense Lype Lrypanosomes has been
reperted by other authors {Godfrey, 1866; Distelmans et al.,

1982; Stephen, 1986), In another siudy, Harley (1871) found



that infection rates due to T. rhodesiense in G. f. fuscipes
were not significantly different from those recorded for @G.
pallidipes while none of the 202 ¢. brevipalpis used failed
to pick infection. Van Vegten (1971a), however, found
significant differences in salivary gland infection rates of
G. f. fuscipes (2 % of 151 dissected) and G. pallidipes (13
% of 30) although the latter figure may be argued to be
rather a small sample. Recently, Moloo et al., (1985, 1988)
while investigating the effect of gamma irradiation on
infection rates of seven species ‘¢. m. centralis, G.
austeni, G. p. palpalis, G. p. gambiensis, G. . fuscipes,
G. tachinoides and G. brevipalpis) concluded that @G. m.

centralis was the most efficient vector of trypanosomes.

Field and sometimes laboratoiry studies have often
revealed conflicting results by various researchers on the
differences in susceptibility to trypanosome infection by
sexes of Glossina. Burtt (1946b), Fairbairn and Culwick
(1950), Clarke (1969), Otieno et al. (1983) and Mwangelwa et
al. (1987) showed that males were more susceptible to
infection than females, but others Duke {1933¢c), Moloo et
al. (1973) and Harley (1971) reported the opposite. Field
results are conflicting because variations in sampling arise
due to the different techniques employed which have a bias
towards a certain group of the population, for example, age,
sex, hunger stage, etc (Glasgow and Phelps, 1970}, Man-fly

rounds for instance, tevded to catch more male flies than
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traps which do the oppusite. In view of all the factors
involved it is inevitable that field results on the same
subject have sometimes varied not only seasonally but also
from locality to locality. Differences in laboratory
results obtained by different workers could be explained in
terms of different techniques, trypanosome and tsetsc fly

strains used by various workers.

Various researchers observed that the age of the tsetse
fly at the time of the infective feed influenced infection
rates. Ycung flies were more infected with T. congolense
and T. brucei type of trypanosomes than older ones (van Hoof
et al., 1937; Wijers, 1958; Harley, 1966a, 1966b; Moloo et
al., 1973; Clarke, 1966, 1969; Ward, 1968; Willett, 1966;
Elce, 1974; Ryan et al., 1982; Distelmans, 1982). Willett
(1966) suggested that the peritrophic membrane lining the
gut of tsetse flies was not fully developed in younger
flies. As a result trypanosomes could reach the
ectoperitrophic space around the region of proventriculus or
easily penetrate through the freshly secreted membrane. The
peritrophic membrane was considered to be well developed in
older flies and only a few trypanosomes could reach the
ectoperitrophic space by passing round the end of this
membraf& in the midgut or hindgut. Gingrich et al. (1982),
however,; deiionstrated that even old flies could be readily
infected with trypanosomes if starved for four days

indicating that there were other factors involved other than



the physical one. Maudlin and Welburn (1987) and Welburn et
al. (1989) suggested that lectins in the fly midgut could be
responsible for the low trypanosome infetion rates in fed
flies. Trypanosomes were killed more quickly in flies which
had been fed on a clean blood meal prior to the infective
feed than in teneral flies which had not fed before. They
suggested that starvation probably reduced the level of
lectins in non-teneral flies thereby rendering them more
susceptible to trypanosome infection. These authors
cautioned against drawing conclusions from studies conducted
on laboratory colonies and constrated such findings with the
vector potential of wild flies since the former may have
undergone selection for example, for refractoriness and
susceptibility to trypanosome infection during the course of

rearing.

Raised temperature speeded up the development of
trypanosomes in the tsetse fly (Kinghorn et al., 1913;
Taylor, 1932; Duke, 1933d) and also influenced the
development of the puparia with concomitant susceptibility
to tryvpanosome infection of the adult flies that emerged
from them (Burtt, 1946a; Fairbairn and Culwick, 1950;

Fairbairn and Watson, .J55; Dipeolu and Adam, 1974).

Lloyd et al. (1924) working iun Nigeria related
trypanosome infection rates in the fly to the food sources

of flies. Duke (1933c) recorded similar observations in



Uganda. The development of more accurate methods of
identifying the source of tsetse blood meals {(Weitz, 1956)
allowed investigations Lo determine the relatonship between
trypanosomne infection rates in tsetse flies and the identity
of the animals on which the flies fed. It was established
that suids were less heavily infected with trypanosomes than
bovids {Ashcroft, 1959). Although suids were easily
infected with the brucei-type of trypanusomes, rhe
parasitaemia was low while bovids remained infected for long
periods. Following Jordan’s {(196%) work on the relationszhip
between infeciion rates and hosts of flies, Harley {1966a)
also observed that infection rates in G. pallidipes, G. f.
fuscipes and G. brevipalpis were influenced by the extent to
which the flies fed on bovids. G. f. fuscipes derived 53 %
of its feeds trom man, reptiles and birds while these hosts
formed only 3 % of feeds ¢f C¢. pallidipes. Since T. vivax
and T. congolense do not naturally infect these hosts G. F.
fuscipes had half the chance of contracting trypanosome
infection compared to G. pallidipes which fed mostly on
bovids, G¢. brevipalpis had the least chance of being
infected having the least proporticn of its feeds from

hovids.

Little is known of the vectorial capacity of G. F.
fuscipeg {rom kasinga Island and the itmmediate neighbourhood
on the mainland shore ui Lake Victoria. However, this area

is in proximity with Busia in Kenva and Busoga in Uganda



where human trypanosomiasis is endemic. Rusinga Island also
lies close to the Lambwe Valley, another area endemic with

trypanosomiasis.

Historical aspects of Sleeping Sickness in Scuth Nyanza,

Kenya

Willett (1865), Ford (1971) and Onyange (1974) have
reported in detail historical aspects of African human
trypanosomiasis in the Nyanza region of Kenya. It is
generally held by these authors that the Gambian sleeping
sickness spread into the Nyanza area in about 1901-1902 from
the great epidemic in Uganda and that transmission of this
disease was associated with G. f. fuscipes. [t is reported
that from 1901-1906 about 200,000 people died from Lhis
disease in the areas affected {(Bell, 1909&' According to
Onyango (1974) the epi :mic that followed affected the
islands of Rusinga and Mageta first before gspreading to Lhe
mainland around Kadime in Central Nvanza and Raksingiri in
South Nyagza. From there it spread further to contiguous
locations in the Lake Victoria Basin infested with G. f.

fuscipes.

Once introduced, the disease remained endemic but
occasionally flared up into epidemics in various places

particulary belween the periods 1902~i908, 1920-1930 and

e
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1940-1950. As a result vigorous control measures comprising
active cace detection, treatment of diagnosed cases, hand-
catching of the flies, bush clearing and later, the spraving
of riverine vegetation with insecticides were instituted.

It is asserted that following these control measures, the
Gambian sleeping sickness disappeared from its foci in South

Nyanza.

The Rhodesian form of the disease was introduced into
the Samia location of Kenya from Uganda in about 1942
(Mackichan, 1944). The disease spread from there to Central
Nyanza at the time G. pallidipes was also increasing in
density in that locality. Later, the disease spread to
other areas such as Yimbo, Sakwa, Uyoma and Alego and the
spread was mainly asso..ated with the presence of @.
pallidipes (Willett, 1965; Ford, 1971). Cases of Rhodesian
sleeping sickness were also reported from Mara near the
Kenya/Tanzania border where transmission was thought to be
through G. swynnertoni. Onyango (1974) considered that a
residual population of G. pallidipes that was left out
during control measures in Lambwe Valley, South Nyanza,
became a focus of Trypanosoma brucei rhodesiense. Onyango
who listed the number of sleeping sickness cases notified in
Kenya between 1950 and 1971 further reported that the
Rhodesian form of the disease replaced the Gambian form due

to Ts b. gambiense around the early 1950s and became endemic



in Samia, Alego, Kadimo and Sakwa, as well as Lambwe Valley

and its contiguous areas.

The role played by G. f. fuscipes and G. pallidipes,
the two tsetse species then found in Samia, Alego, Kadimo
and Sakwa in Central Nyanza during the Rhodesian sleeping
sickness epidemics that occured in these areas in the 1950s
and 1960s was not clear-cut. Initially, T. b. gambiense and
Gambian sleeping sickness were generally associated with
flies of the palpalis group, and T. b. rhodesiense and
Rhodesian sleeping sickness with the morsitans group.
However, it was later shown that either group could transmit
either disease (Willett, 1965). Willett associated the
increasing number of HR!l.odesian sleeping sickness cases with
the increasing level of contact between man and G. f.
fuscipes and attributed the explosive epidemic in Alego and
the surrounding locations in 1964 to this factor. He
considered the peridomesticity of this fly in Lantana
thickets and vegetation surrounding the homesteads as an
additional factor that contributed to the epidemic. He
further considered that heavy rains in the preceding years
had promoted vegetational growth that was favourable to the
survival of G. f. fuscipes which extended its distribution
further inland from the lake shore. Wijers (1974b, 1974c),
however, was of the opinion that this species played a minor
role in the transmission of the disease., He regarded the

epiféies that occured in Alego in 1963-1964, and in Busesa
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in 1971 as due to exceptional circumstances that brought man
and the fly into increased contact. His opinion was that
the invasion by G. f. fuscipes of the new vegetational areas
near homesteads was not the direct cause of the epidemic but
part of the normal range of its adaptation. Further, that
man-fly-man transmission occured occasionally if not
sporadically. He cons.dered cattle to be the main reservoir
of the disease from which flies obtained their infection
during outbreaks and the degree of contact between cattle,
fly and man around watering sites determined the severity of
the outbreaks. Wijers based his arguement on the evidence
that most of the sleeping sickness cases were observed in
areas adjacent to bush infested with G. pallidipes and that
it was such areas which harboured game animals that were the
reservoirs of the disease. In the lake shore areas infested
with G. f. fuscipes wild animals were scarce and dissection
~of non-teneral flies caught in these areas revealed mostly

T. vivax infection.

It seems that G. pallidipes whose preferred hosts are
game animals some of which are the reservoirs of
trypanosomiasis could have initially introduced the disease
into cattle. G. fuscipes could have then picked up the
infection from cattle and passed it on to people at watering

points.



More recently in Busoga, Uganda, Kangwagye (1975) and
several other workers (Matovu, 1982; Katabazi, 1983; Abaru,
1985 and Mbulamberi, 1989) reported that transmission of
Rhodesian sleeping sickness was mainly due to G. f.
fuscipes. Social and political disturbances which
interupted the normal services in health care and vector
control led to increased man-fly-man contact as G. f.

fuscipes inhabited aress with human activity.

Control of G. f. fuscipes in Kenya

Efforts to control G. f. fuscipes in Kenya appear to
have been stimulated mainly by the need to control sleeping
sickness gpidemics, as stated earlier, rather than nagana
for which comparatively little is published)in relation to
control of this subspecies. FEarly control strategies were
based on the results from studies of the bionomics of G. f.

fuscipes conducted by various workers mainly in Uganda.

On the basis of the linear distribution of the fly
habitats along water cenrses, Symes and Vane (1837) and
Symes and Southby (1938) employed a method of blocks along
the tributaries of the Kuja River in South Nyanza District
from which they systematically cauuht [lies by hand.
Glasgow and Duffy (1947, 1951) also enployed the same

strategy to control flies along the Sari River and the main



Kuja Hiver in the same District. Hand~-catceching was
effective in isolated areas with low to medium fly
densities. However, it proved to be costly and ineffective
in areas heavily infested with tsetse flies because of
reinvasion (Wilson, 1953). This led to the abandonment of
the method in preference to bush clearing. Wilson (1953)
and Glasgow (1954) assessed the feasibility of bush clearing
along rivers in Central Nyanza Distict, They found that
bush clearing caused a siow reduaction in the fly populations
but could in some cases achieve orad%cation. The problem,
however, was the high cost of reslashing the regrowth of

vegetation.

In the late 1940s trials tnvolving the spraying of
dichloro-diphenyl-trichloreethane (DDT) and benzene
bexachloride (BHC) on fringing vegetation along water
courses showed promise in Uganda. Adoption of this method
in Kenya led to the eradication of G. f. fuscipes by several
applications of DDT on vegetation along the Mbogo and
Ainamotua Rivers in Central Nyanza (Wilson, 1953). Working
in the same area, Fairclough and Thomson (1957) reported

similar results, having achieved eradication of flies along
sections of the Nyando river, They, however, reported

problems due to reinvasion of the c¢leared areas,

The Tsetse Survey and Control Section of the Kenwa

Vetarirary Department - .w under the Ministry of Agriculture




and Livestock Development was established in 1942 (Maina,
1979). Its main objective was to stop reinvasion by tsetse
flies of the cleared areas. By that time some 349 km of
riverine tsetse-infested bushes had been cleared along the
Kuja/Migori and Nyando river systems where epidemics had
cccurred. This exercise helped to release 1,352 km? of land
for settlement which hicherto had heen rendered inhabitable

due to the tsetse fly menace.

Control of G. f. fuscipces with the use of insscticides
was 1lnitiated by the Department ovaeterinary in 1952
(Maina, 19$79). In the 1950s and 1960s large tracts of land
along rivers and lake shore were sprayed with insecticides.
During 1965/66 alone, 1,166 km? of land and 3,326 km of
river and lake shores were sprayed. The expenditure on
tsetse control in western Kenya only was KShs 2,580,000
every year. In 1977 estimates to clear reinfested areas had
reached KShs 200,000,000 and there was no guarantee that
epidemics would not reoccur (Maina, 1977). From that time
up to the present, the Department of Veterinary Services
sometimes sprays river..e and lake-side vegetation with
insecticides to conlrol G. f. fuscipes. Initially, dieldrin
(1.8 % emulsifiable concentrate) was applied using motcrized
knapsack sprayers but synthetic pyrethroids such as
cypermethrin at a concentration of 0.3% have now come into
use (Mr. F. P. Oloo, Assistant Chief Zooclogist, Department

of Veterinary Services, personal communication).

-



CHAPTER 2

STUDY AREA

GEOGRAPHICAL LOCATION

The study area comprising Rusinga Island and part of
the mainland is located in the Mbita Division of South
Nyanza District in Nyanza Province, Kenya. This region lies
in the eastern part of Lake Victoria. It is located between
latitudes 0° 20’ and 0° 30’ South and longitudes 34° 06’ and
34° 15’ East (Fig. 1). Rusinga Island joins the mainland at
Mbita Point by a causeway about 50 m long. The island is

about 43 km? in area

LANDSCAPE

The altitude lies between 1143 and 1500 m above sea
level. The geology of the area comprises Tertiary sediments
(National Atlas of Kenya, 1970). The soil is mainly loam
with a gravel or stone surface. Rusinga Island is dominated
by a large central hill with numerous small hills around it.
The part of the mainland under study is also hilly. For
this reason most of the cultivation both on the island and
the mainland is done on strips of land of about a kilometre

in width along the shores of the lake.

e
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CLIMATE

The study area lies close to the equator and
experiences a hot and humid type of climate most of the
vyear. There are no definite seasons but rainfall is bimodal
with peaks in April and December. According to the National
Atlas of Kenya (1970) Rusinga Island and the lake shore area
on the mainland fall in the region of the country that
receives a mean annual rainfall of hetween 760-1015 mm and
has minimum and maximum temperatures of 14-18° C and
30-40° C, respectively. Meteorological data collected

during the course of this study are presented in Chapter 4.

VEGETATION

The vegetation of the area which harbours the tsetse
flies has been greatly influenced by human activities in
terms of clearings made for cultivation of crop=. On the
island, hills with little or no human settlement are
characterized by extensive bushland while low areas have
been reduced largely to grassland with scattered shrubs.
The local people have demarcated some of these areas with
fences of Euphorbia tirucalii (L.) and in some localities
also with L#htana camara (L.) to form homesteads and
gardE€n8: IH sbitie places L. camara has become a weed. Crops
growh ineluds iaize; sorghum, cassava, bananas, sugar cane,
sweét petatees and vegetables. 1In areas which are not

cleared, shrubs of several species occur. These include
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Triumfetta macrophylla (K. Schum), Mimosa pigra (L.),
Phichea ovalis (Pers) and Ipomea hilderbrandtii (Vatke).
Closer to the shoreline, within a distarce of atout 10 m,
trees of the species Sesbania sesban (L.} Merrill and
Aeschynomene elaphroxylon (Guill and Perry) Taub., often
thrive, tcgether with Phragmites and reveral species of
creepers of the family Nyctaginaceae and genus Ipomea to
form disccentinuous thick vegetation.* Sedges, Cyperus
immensus (C., B. Cl.) and C. articulatus (L.) are often found

in association with these plant species,

WILDLIFE

There are several species of wild animals** on the
island on which flies could feed. A list of those recorded
by the International Centre of Insect Physiology and Ecology
(ICIPE, 1985) on the evidence of sightings and spoars
includes bushbuck (Tragelaphus scriptus) (Pallas, 1776), dik
dik (Madogua kirkii) (Gu.ther, 1880}, hipporotamus
(Hippopotsamus amphibius) (Linnaeus, 1758}, monkeys

(Cercopithecus albogularis) (Sykes, 1831), hares (Lepus

¥*Specimens of plants were collected and taken to Professor
J. O. Kokwaro of University of Nairobi, Botany Department
who identified them.

¥*¥The identification of these animals was partly based on
the maps &nd description provided by Harternorth T. and
Diller H. (1980). Where several species of animals of the
same genus exist in the same locality these have only been
identified to the genus level.




spp.) and monitor lizards (Varanus niloticus niloticus)
(Laurenti). With the exception of monitor lizards these

animals occur in low numbers.

On the mainland animals frequently seen include
hippopotamus, monitor lizard and hare. Those which are
occasionally seen are bush buck, leopard (Panthera pardus)
(Linnaeus,1758), hyaena (Crocuta crocuta) (Erxleben, 1777),
porcupines (Hystix africae australis (Peters, 1852) and H.
cristata) (Linnaeus,1758) and several species of antelopes.
About 30 km south of the study area lies the Ruma National
park which is a sanctuary for a number of species of wild
animals reported in detail by Allsopp and Baldry (1972). It
is possible that some of the animals stray out of the park

into the neighbouring areas including the study area.,

HUMAN AND LIVESTOCK POPULATIONS

A census carried out in 1979 indicated a human
population of 9,905 on Rusinga Island comprising 4,805 males
and 5,100 females (Kenya Population Census, 1979). Using an
average national growth rate of 4 % the 1986 population of
the island was estimated at 13,000. Mbita Péint had an
estifiated human population of about 3,000. Ayot (1979)
refersd to the inhabitants of Rusinga Island and the lake
regionn of South Nyanza as the Luo-Abasuba. The livestock

kept includes the indigenous zebu cattle, sheep and goats.
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A survey carried out by ICIPE (1985) showed that in March
1985 there were 6,228 cattle, 1,498 sheep and 1,377 goats on

the island.



CHAPTER 3

DISTRIBUTION AND DI!EL ACTIVITY PATTERNS
OF G. F. > JSCIPES ON RUSINGA ISLAND

AND THE MATINLAND

INTRODUCTION

The distribution of G. f. fuscipes has not been studied
in detail in recent years on Rusinga island and the nearby
mainland areas. Earlier investigations (Symes and Vane,
1937; Symes and Southby, 1938; Glasgow, 1954) indicated that
G. f. fuscipes inhabited thickets fringing the lake shore
and rivers flowing into Lake Victoria. However, Willett
(1965) observed that in Central Nyanza, G. f. fuscipes
colonized L. camara thickets and rings of vegetation
surrounding groups of ' 1ts locally known as bomas.

Langridge and Mgutu (1971) also reported that although this
subspecies was primarily associated with waterside
vegetation, it could spread to places up to 20 km away from
rivers provided that shade and humidity were adequate for
its survival. The Tsetse Survey and Control Section of the
Department of Veterinary Services sprays the lake-side
vegetation occasionally with synthetic pyrethroids (for
example; ¢ypermethrin) to control G. f. fuscipes. This

affects the distribution of the flies in the sprayed areas.



However, during the course of this study which lasted for
three years no spraying of insecticides was recorded in the

study area.

Studies on diel acc.ivity patterus of G. f. fuscipes
were carried out by Harley (1965) in Lugala, Uganda, who
reported that this subspecies was diurnal and that maximum
activity varied from site to site and season to season.

Oloo (1983) working at Gunga which is located south of Sindo
{Fig. 1) recorded biting activity of this subspecies from
8.15 to 13.15 hours. However, his work did not extend to
the latter part of the day thus, neither the biting activity
nor the availability of flies to man was studied throughout
the day. The objectives of this study, therefore, were to:
(1) investigate the distribution of 6. f. fuscipes in the
experimental area in order to know where to sample the flies
and (2) to gain insight into its diel activity patterns so
as determine when to do the sampling for variocus other

studies.

MATERIALS AND METHODS

A tsetse survey of Rusinga lsland and the immediate
mainland, from Sindo through Mbita to Homa Bay, was
conducted from 20 November 1987 to 14 January 1988.

Biconical traps (Challier et al., 1977) were used to



determine the presence of tsetse {ilies. These were set at
varying distances along transects traversing the island and
along the lake shore only, on the mainland, as further
inland the vegetation had been cleared for settlement and
cultivation. Traps were set at various times between 8.00
and 18.00 hours and emptied after 24 hours from setting
times. The traps were first placed in the western part of
the island, then were progressively shifted eastwards until
the whole area was covered. Flies caught in the traps were
brought tc¢ the laboratory, killed using chloroform, sexed
and classified as teneral or non-teneral. A subsample of
the catch was selected randomly from the fly cages,
dissected and examined for f{rypancsome infection as

described in Chapter 7.

On completion of the survey, the area with the highest
catches was selected for studies on diel activity patterns.
On 17 February 1988 and 19 March 1988, six bicownical traps
were set at intervals of about 100 m in openings in the
thickets near the lake shore. Traps were set by 6.30 hcurs
and emptied at hourly intervals until 19.00 hours. Ambient
temperature, relative humidity and sclar radiation were
simultaneously recorded with the use of dry and wet-hulb
thermometers and a radiation meter (L1-1776, USA),
respectively. From 14 to 16 October 1989, windspeed was
recorded at hourly intervals from 6.00 to 18.00 hours at a

height of 1.5 m from the ground at a government



meteorological station located about 7 km in the nothern
part of the island. Catches for February and March were
pooled together and the numbers of flies caught at different
times of tne day were related to environmental factors
recorded at the same time (except windzpeed) using linear

stepwise multiple regression analysis.

RESULTS

Fig. 2 and Appendix 1 (Tables 1.1 and 1.2) indicated
that on Rusinga Isliand tsetse distribution was confined to
strips of thick vegetation varying in width and of lengths
extending up to about 2 km along the lake shore. All tsetse
flies caught were G. f. fuscipes and these were trapped in
or near the thick vegetation. Flies were caught in such
vegetation all around the island but catches were highest in
the Wakondo/Kakrigu area, in the southern part of the island
where dense thickets stretch a little over two kilometres in
length. Catches were also high in a similar type of
vegetation in Kaswanga/Wanyvama area in the northern side of

1

the island. (atches were lowest in the western side where
it was hilly and the v jetalion was sparse. No flies were
caught further than 100 m from the !ake shore. The trend
was the same on ithe mainland where the survey was confined

to the lake shore only because of the vegetation clearings

further inland. On the mainland catches were highest in
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Kisui area. A fairly high number of flies was also caught
on Chamaunga islands about a kilometre off the mainland in
the north (Fig. 2). The presence of teneral flies in the
catches indicated that breeding occured in or near places
where they were caught.. Such places were characterised by
the highest fly catches and had relatively more extensive

areas covered with thickets.

Flies were first caught in traps shortly after 7.00 h.
The catches quickly increased in size reaching a maximum
between 8.00-9.00 h for females and at 9.00-10.00 h for
males (Fig. 3). Catches for both sexes were high until
about noon, after which they gradually decreased in size to
almost zero by 19.00 h (Fig. 3a). Only one male fly was
caught at 19.00 h from a total catch of 325 males and 486
females. The trap catches suggested a unimodal diel
activity pattern for both sexes for the conditions at the
time of the study. Multiple regression analysis suggested
that solar radiation intensity (Fig. 3b) and relative
humidity (Fig 3¢) were affecting the catch size of males.
The regression equation describing the relation of the two
factors and the catch size of males was Y=-29.46 + 6.30X1 +
0.40X2, (r?2=0.,59, P=0.M253 and P=0.0425) for soiar radiaticn
and relative humidity, respectively, where X1 = solar
radiation and X2 = relative humidity. No factor was
significant at the 5 % level for females, but solar

radiation was significant at the 10 % level (Y=3.63 +
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5.13X1, r¢=0.20, P=0.0970), wheras X1 = solar radiation.
Temperature (Fig. 3d) and windspeed {Fig 3e) did not

signicantly influence the catch sirze of either sex.

DISCUSSION

The distribution of G. f. fuscipes is known to be
normally confined to the environs of water courses. Gibbins
(1941) reported the distribution of this fly in t.he West
NMile District of Uganda to be entirely confined to areas
along the tributaries of the Nile river and along the shores
of Lake Victoria. He further obsevved that G, 7. fuscipes
could be caught along tributavies st distances of up Lo 97
km from the main river or the lake., Chorles (1944) however
working in Busoga District, Uganda, found breeding sites in
dense, humid, forest near Lake Victoria and also found
breeding sites up te 19 km from the lake. Glasgow {1954)
while assessing bush clearing methods of eradicating G. f.
fuscipes along the shore of Lake Victoria observed that
flies were inhabiting narrow dense vegetation near the lake.
He cleared the dense vegetation along the lake shore up to
274 m inland in order to control this fly. Glover et al.
(1958) dléb exploited the knowledge of the distribution of
{hig fly Lo conhtrel it. By a combination of spraying with

iAsBetieldes and elearing vegetation along the tributaries



they claimed extermination of G. f. fuscipes along more than

483 km of the Kuja and Migori river systems of Kenya.

A major departure .rom the usual habitat of G. f.
fuscipes was reported by Willett (1965} who observed that
this subspecies was colonising new vegetational areas away
from rivers, particulary L. camara thickets and the rings of
vegetation surrounding groups of huts of the local people in
Central Nyanza, Kenya. He suggested that the colonisation
of this new habitat could have risen due to the successive
heavy rainy seasons that produced suitable conditions for
the survival of G. f. fuscipes away from its usual
lacustrine and riverine habitat. Recently, Okoth (1985,
1986a) reported a similar situation in Busoga, Uganda, where
the same subspecies had become peridomestic, breeding in

coffee and banana plantations and L. camara thickets.

On Mfangano Islar which is about 5-7 km southwest of
Rusinga Island, Wijers (1974a) encountered G. f. fuscipes
practically everywhere along the lake shore and gulleys and
streams. The present survey, which was conducted when it
was relatively dry, from November 1987 to January 1988,
indicated that this subspecies was confined to the lake
shore areas as Wijers (1974a) observed on Mfangano island.
It is possible that during very wet years, when there is
regrowth of bush, this species extends its habitat inland

for several kilometres as reported by Willett (1965) and



Langridge and Mgutu (1971). Vegetation cover was considered
to be the limiting factor of the distribution of G. f.
fuscipes along the lake shore on Rusinga island and the
mainland. The vegetation was in turn affected by human
activities in the form of clearings for cultivation.
Spraying of insecticides was another factor that could have
affected the distribution of flies especially on the
mainland where the application of insecticides was more

frequent than on the island.

The cistribution of G. f. fuscipes in the study area
was limited to the lake shores. This meant that sampling of
this subspecies could only be done in seme area. with thick
vegetation along the lake shores. An expansion in
cultivation would imply further reduction of the
distribution of the subspecies as its breeding sites would
be affected. Furthermore, the limited distribution of the
fly implied that its effiency as a vector was resticted to
only those hosts frequently visiting the thick vegetation

along the lake shores.

Diel activity patterns of the same subspecies were
earlier reported by Harley (1965) in Lugala, Uganda. His
results showed that G. f. fuscipes was active between 5.00
and 18.00 h with a peak of activity between 10.00 and
16.00 h: The exact hour of maximum activity was found to

vary from site to site and season to season. Nocturnal
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activity was not observed. Similar results were reported by
Okiwelu (1982) in Mali for a related species, G. p.
gambiensis, and in Nigeria by Tenabe (1983) and Ivory Coast
by Gouteux and Monteny (1986) for another subspecies, G. p.
palpalis. This study which was carried out in February and
March 1988 showed that the-maximum activity for G. f.
fuscipes occurred in the morning, from 8.00-10.00 h, and
this falls within the range of activity reported by Harley

(1965) whose studies lasted throughtout the year.

Cf the physical { -tors recorded, solar radiation
intensity appears to be the main factor influencing activity
patterns of G. f. fuscipes. This 1i¢ in agreement with the
observations made by Oloo {(1983) and Gouteux and Monteny
(1986) who reported similar observations on G. f. fuscipes
and G. p. palpalis, respectively. In this study relative
humidity was also observed to affect the catch which
declined &as humidity declined even though solar radiation
remained high. Windspeed in this analysis did not seem to
influence diel activity rhythms. It was however not
measured at the same time as the trap catches were made and
it is possible that strong winds in the afternoon may have
been responsible for the decrease in fly catches at this
time of the day. Sampling of G. f. fuscipes was, therefore,

crucial by mid day bef- e fly numbers started to decline.



CHAPTER 4

POPULATION DYNAMICS OF G. F. FUSCIPES ON RUSINGA ISLAND

AND THE MAINLAND IN MBITA, SOUTH NYANZA, KENYA.

INTRODUCTION

Apart from the work done by Glasgow (1954) very little
information is available on population dynamics of G. f.
fuscipes in Kenya. Extensive ecological stud.es have
however been carried out on the same subspecies 1in the
neighbouring Uganda which shares the same international
border with Kenya relating to sleeping sickness epidemics in
that country. Since the 1950s the Nyanza region of Kenya
has experienced many ecological changes. Increased human
settlement has led to changes in vegetation types and fauna
of the region. The 1960s and 1970s were also a period of
increased use of insecticides against tsetse in that region
(Chapter 1). These factors could have had a profound effect
on the populations of G. f. fuscipes. An understanding of
the ecology of tsetse flies is vital for its control. It is

against this background that this study was initiated.



MATERTIALS AND METHODS

Meteorological data

For the purpose of this study a standard Stevenson
screen was set up in the experimental area, 15 m from the
lake shore on the southern part of Rusinga Island to record
the following: minimum and maximum temperatures and dry and
wet~bulb thermometer readings for relative humidity
estimates. Soil temperatures in the shade at a depth of §
cm as well as rainfall were also recorded. Readings were
taken at 9.00 h and at 15.00 h for ambient temperature and
relative humidity. Due to logistical constraints
meteorological readings were only taken during the first two
weeks of each month during the study period. Complete data
on rainfall were obtained from the main meteorological
station of the ICIPE, Mbita Point field Station, situated

about 5 km from the study site, on the mainland.

Sampling procedure

Sampling to determine changes in apparent density
commenced in February 1988. A transect with five (but later
reduced to three due to logistical problems) trapping
stations at 150-200 m intervals was established along the

lake shore in Wanyama area on Rusinga Island. A similar one

pura



was also established along the lake shore in the Kombe/Kisui
area on the mainland. Biconical traps were set at each
station along the two transecls which were worked
consecutively each month. From February to September 1988,
traps were emptied once a month but thereafter when the
logistics improved they were emptied on three consecutive
days every month. In February and March 1988, traps were
emptied after 24 and 12 hours, respectively, but from then
onwards three-hour samples were taken on the first day of
sampling followed by 24-hour samples the next two days.
Traps for three-hour samples were set by 7,00 h on the day
of trapping and were emplied at intervals of three hours
until 16.00 h. The three-hour sawmples were used to
determine and record wing frayv {(Jackszon, 1246), trypanosome
infection rates (Lloyd and Johnsocu, 1924) (see Chapter 7),
ovarian age {(Saunders, 196C, 196%2; Challier, 1965) and
reproductive abnormalities (Madubunyi, 1975; Turner and

Snow, 1984).

on of flies

el

ect

o
i
m
0]
o

Flies caught in the field were brought to the
laboratory alive in cages after every collection. Thirty
male and 30 female flies were selected at randcuw from each
of the monthly samples [rom Rusinga Island and the mainland.

The flies were squeezed on the thorax to immobilize them



before dissection. The rest were killed using chloroform
and sorted out according to sex and whether or not they were

tenerals.

The wing fray method of estimating fly age (Jackson,
1946) suffers from the main limitation that it is only a
relative method and should ideally be calibrated with fly
calender age. Even if it were calibrated, the method does
not estimate the age of individual flies and will tend to
over-estimate Lhe age of flies 1f they are kept for several
hours in trap cages. Although this technique was initially
designed for the morsitans group of {lies it is also

applicable to other tsetse species.

Reprcductive abnormalities were recorded during the
period February 1988 to January 1989. These constituted any
anatomical departures from what is considered normal ovarian
development of the female tsetse as reported by Saunders
(1960, 1962) and Challier (1965}). Detection of abortions in
wild flies is generally made difficult because there is
usually no trace of it in the female fly. To detect
abortions in female flies the method first described by
Madubunyi (1975) and later modified by Turner and Snow
(1984) was used. This method makes a distinction between a
parturition and an abortion by measuring the size of the

largest egg follicle which is compared to the wran size of



the intra-uterine egg that it shortly becomes. The standard

deviate {(d) is calculated as follows:

where, x is the size of the largest egg follicle in
the ovarioles of a female.
M is the mean size of the intra-uterine egg.
¢ is the standard deviation of the size of

intra-uterine eggs.

For a sample greater than or equal to thirty (n?BO), if d
is greater than 1.96, there is less than 5 % chance (P<0.05)
that the value of x lies cutside the range of distribution.
Challier (1973) observed that eggs produced by females in
the ovarian age category 1 (see Saunders, 1960, 1962;
Challier, 1965) were smaller than those produced by older
age categories. The detection of abortions was therefore
restricted to ovarian age categories 2-7 to avoid confusion
that would arise if measurements of smaller eggs from
category 1 flies were also considered ir the caiculations.
Abortions were estimated on the basis of measurements of
intra-uterine eggs of G. f. fuscipes caught on Rusinga

Island and the mainland fromnm February 1988 to January 1989.

-



Analysis of ovarian age data

Mortality rates were estimated by two methods; by
ovarian age analysis (Rogers et al., 1984) and Moran curves
(Rogers, 1979). The first method estimates mortality in
adult female flies and is only valid if the population is
stable, that is, when birth rate equals death rate (van
Sickle and Phelps, 1988), If the population size is either
declining or expanding estimates must be corrected by the
rate of change of the population. Hargrove (1989) suggested
that there is bias in capture probabilities of the different
age categories of G. pallidipes. In this study category "0’
(nulliparous flies) were ommited as this group was
considered to be undersampled by biconical traps (Challier,
1982). Data from flies of category 1-7 were analysed
assuming that the interlarval period was 9 days on the basis
of results obtained from mark-recapture-release studies (see
section on feeding and pregnancy cycles). On this basis the
proportion of parous flies in category 1 (P1) is given as:
Pi=(1-e-9®), where ‘m’ is the mortality

and ‘e’is the number 2.714.... Older categories are
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given as follows;
Pz-e-92(1-e-9m)
P3=e-18m(1-g-9m)
Ps4*=R.e"27m
- Ps*=R.e-36m
| Pe*=R.e-45m

P7*=R.e"54m

where, R=(l-e-9m)/(1-e-36m)

A non-linear least squares fit method was used to estimate

‘m’. Due to the small size of samples, data for two months

Wit pooled toge

The estimation of mortality rates by the Mcran curve

method involves plotting the logarithm of a population
density for one month against the logarithm of the same
population for the o ions montl A tsetse population
expected to double within this period and the maximum

reproductive rate 1s compar<:d with the observed rate of
increase. The difference gives an estimate of populati
mortality over the period concerned, assuming there is

net emigration/immigration of flies in the study area.

on

no

Thus

the Moran curve technique {(Rogers, 1979) gives an estimate

of total mortality of = population.



Mark-release-recapture experiments

Two short-term mark-release-recapture experiments were
carried out on Rusinga Island from 22 June to 2 July 1988
and from 8 November to 12 December 1988 to determine: i)
feeding and larviposition cycles, ii) absolute population
density, and iii) fly movement. In the first experiment (22
June to 2 July 1988) traps were set in a linear pattern
along the lake shore in Kakrigu area. This area supported a
high density of flies (Fig. 2) and was estimated to be of
approximately 14 hectares in size. Traps were placed every
120 m from a release point in two directions (east-west) up
to a distance of 720 m. Two more tiraps were sited 50 m away
from the lake shore at roughly 60° angles from the release
point. This pattern was similar to that used in the second
experiment (Fig. 6). On the day of marking all the traps
were placed in positicn by 8.00 h and were emptied at hourly
intervals from 9.00 h until 17.00 h. Flies caught were
marked with artist’s oil paint. (Rowney Georgian 0il Colours,
England) on the thorax (Jackson, 1953) using small wires
with rounded tips. A few drops of linseed 0il were added to
maintain its fluidity during the course of marking. Soon
after marking, flies were released. Those recaptured after
the first mark were given a new mark for that day and re-
released. Different colours were used each day for three
days. The three-day mark-releas2-recapture sessions were

considerea to bie three replicates, each marking day being

b

.



separate experiment., From the fourip day onwards no further
marking was doune. On the fourth day the number of traps was
increased to get more -ecaptures. On either side of the
release pcint traps were set at intervals of 120 m up to a
distance «f up to 1,080 n. From the fourth day tec the
eleventh day, ftlies caught were not released but taken to
the laboratory to check and record the marks. Corrected
recapture rates (CRRs) were calculated using the method
described by Jackson (1948) and later modified by Rogers and
Randolph (1986b) to determine the absolute population
density, feeding and larviposition cycles. The max imum
likelihood estimate for the average correclted recapture trate

on day 'n’ was described by Rogers and Randol phoas:

P = . X 104

Z Coi.Cni

i=1
with k replicates. Pn is the propourtion of marked flies
over the sum of marked and unmarked ones. Hn is the number
of flies originally marked on day O (when the catch was Co )
that are recaptured on day n in a total catch Cn flies,
Hungry flies show a tendency to visit Lraps at intervals.
Thus, by plotting CHRs against time the peaks that rise at
regular intervals suggest feeding cycles. Peaks that occur
at longer regnlar intervals and are superimposed on Lhe

shorter ores suggest Jarviposition cyvcles. Extrapolation of



the regression line to day 0, that i , the day before
marking, makes it possible to estimate the population for

that day (Jackson, 1948). This experiment lasted 11 days.

In one of the experiments a record was kept of the time
taken between marking and the recapturing of flies and the
distance the flies covered from the release point. The
distances travelled by flies were estimated using a modified
diffusion equation of Pielou {(1977) given by Dr Brian
Williams (personal communication). The modified equation is

given as:

where N=Number of flies diffused from the release point
x=distance from release point
t=time between marking and recapture
K=total number of flies recaptured

e=2.714...,.

o= )\1 t

In using this equation, the following assumptions were made ;
(i) that flies diffused in a random fashion and (ii) that
since most of the flies were relcased from the selected
release pcint between 9.00 and 10.00 h, nine hours was taken

to repregaent zero time

e



Applying the above equation, evaluation was done with x
equals 120 m (this being the intertrap distance), and with
various times (t) at hourly intervals that is; 1-7 hours
(representing time in hours after marking) while adjusting K
so that the total number of flies estimated was the same as
observed. Lambda (A) was varied to get the best fit as
measured by the sum of squares of the differences between

observed and expected values.

The second experiment followed the same design as the
first. The only differences being that this was of a longer
duration, lasting 28 days, and comprised four mark-release-
recapture sessions. The distance moved by flies per unit
time was not estimated in the second experiment. On the
fifth day traps were spread farther aparti at distances of
0.5, 1.0, 1.5, 2.5 ana 3.3 km on the eastern and western
sides of the release roint. On the western side, this
spacings of traps was continued up o 3.5 km but on the
eastern side one trap was set about 6 km from the release
point on the mainland due to clearings for cultivation and
human settlements (Fig. 1), This was to determine whether

flies moved longer distances over Lime,
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RESULTS

Meteorological factors

Mean minimum and maximum temperatures (ambient and
s0il), rainfall and relative humidity are presented in Figs.
5a-5c¢c. Ambient and soil temperatures fluctuated together.

Mean maximum temperatures were highest in Febrvary, March,

June and December. There was a drop in temperature during
the rains. Mean maximum ambienl temperatures fluctuated
around 28 °C during the vear. In January 1989 a low mean

minimum soil temperature of about 25 °C was recorded.
Relative humidity which was recorded at 9.00 h each day was
also rather constant, fluctuating mostly between 80 and

90 %. There was rainfall each month except in January and
June 1989. Peak rainfall figures were recorded in the

months of April-May, September and December.

Apparent density

Changes in apparent density of tsetse flies caught on
Rusinga Island and the mainland (Figs. 6a and 6b) show that
population size was remarkably stable during the course of
the study, varying by only a factor of 5 on Rusinga Island
and 7 on the mainland. However, rainfall appeared to

influence their numbers. There was a drop in trap catches
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soon after the rainy season in June 198%¢ and during the
rainy season in September-October 1982 and in March-April
1989. Unfortunately, - data was collecied at the peak of
the rainy seascn in April 1988 due (v operational problems.
Heavy rainfall which culminated in floods coincided with the
low catches. There were in general more flies caught per
trap per day on the island than on the mainland. The sex
ratio (percentage of females) was quite variable especially
on Rusinga Island and could also be related to rainfall. On
the island the percentage of females in the total catch
dropped after the rains in July and November 1988 and in
June 1989 (Fig. 7). This trend also occurred on the
mainland. However, the drop in catches occurred about three
months after the rains in comparison to the situation on

Rusinga Island.

Age composition

The age composition of male {iies caught in ‘raps on
Rusinga Island and the mainland is shown in Fig. 8a and
Appendix II (Table 2.1). "The mean wing fray age of males
was estimated using the correction factors provided bv Potts
(1870b) for G. morsitans. Tn doing so it was assumed that
the rate of tear of the wings of G. morsitans and G. f.
fuscipes were similar. Using these correction factors, the

mean wing fray age of males caught in iraps on Rusinga



°% female of total catch

Fig. 7.

77

01

30

\\
50} \ \

: [N
<20\
/ AN
X \

4400
€
£

<200 ‘E
o

111

10 |
0

FMAMJ JASONDJFMAM)

1988

Percentage female @G.

f.

1989

fuscipes of the total catch

on Rusinga Island ( ) and the mainland (---).

]



(a) ]
30
M

L B
v 20 W”
€ |
rr
o 10 "

0

1 2 3 4 5 6
Wing fray category

30
g (b)
2]

—

§ 20, m
g m
s m 1l m | —
S 10+ ‘
3 ;ili

0 1 2 3 4 5 6 7
Ovarian age category

Fig. 8, Bge composition of (a) male and (b) female G. f.
fuscipes on Rusinga Island (shaded) and the
mainland (clear).



Island and the mainland were estimated o be 24 and 21 days
old, respectively (Appendix I't, Table 2.1). This would give
mortality rates of 4.2 % and 4.8 % per day, respectively.
The age distribution of males from Lhe island was
significantly different from that of males from the mainland

(N=914, X?=13.92, df=5, P<0.05) (Fig. B8a).

All the ovarian age calegories were represented in the
ovarian age studies (Fig. 8b and 9). 1In the ovarian age
category 0, Ob’s {(rnullipars with the inside right follicle
in this case taken to = greater than or egual to 0.60 mm)
were more frequent than Oa’s (nullipars with the right
inside egy follicle equal or less than 0.60 mm). In parous
females, those with «g¢s and second instar larvae in the
uterus were the most frequent, while parous females -with
third instar larvae in the uterus were the least common.
The age distribution of the females from the two localities
was not significantly Jifferent (N=832, X2=10.93, df{=7,

P>0.05 ns) (Fig. 8b).

Estimaled mortality rates of the tsetse populations on
Rusinga Tsland and the mainland derived from the analyses of
age distribution {Fig. 10) show that mortality rates
exprested as percontage jper day ranged from 0.018 to 0.050.
More fliee died on Rus’ 15a (sland in May-June 1988 and
Margh=April 1959 than on the mainland. This coincided with

the long 'ainy seasons or the period following immediately
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after these seasons. The trend was slightly different on
the mainland where mortality rates were highest during the
periods February-March 1988 and March-April 1989. However,
the mortality rates for the two localities were not
correlated. There was a positive correlation between
mortality rates and amount of rainfall on Rusinga island
(Y=0.0115 + 0.0002X, r=0.8404, P<0.01) (Fig. 11). Apart
from rainfall there were no correlations between other
physical factors and the mortality rates for the two

localities.

Moran plots derived from geometric means of flies
caught in traps on Rusinga lIsland and the main!and show that
one or twn points fell outside the expected reproductive
rates of isetse flies "mplying either immigration or random
error in estimating density (Fig. 12). Mortality rates
estimated from Moran plots fluctuated and no patterns due to
seasonality were discernible {(13). Mortality rates derived
by Moran curve technique were not positively correlated to
the physical factors. Furthermore, mortality rates derived

by the two methods given above were not correlated.

Reproductive abnormalities

Reproductive abnormalities recorded in tsetse fly

samples from Rusinga Island and the mainland (Table 23
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Fig. 13. Mortality rates of male ¢ ) and female (---)
G. f. fuscipes on (a) the mainland and (b) Rusinga
Isiand, estimated from Moran plots.
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Table 2. Reproductive abnormalities in G. f. fuscipes
samples from Rusinga Island and the mainland from
February 1982 to January 1989,

Abnormality Rusinga Mainland
Follicular degeneration 2/331 (0.6%) 1/341 (0.3%)
Egg retention 0/331 (0%) 1/341 (0.3%)
Abortions

(Ovarian age cat. 2-7) 5/246 (2.05) 5/247 (2.05)

Denominatur=number of flies dissected. In brackets =
percentage.,



Table 3. The frequency of empty uteri and abortions

recorded in G. f.

fuscipes samples from Rusinga

Island and the mainland from February 1988 to

January 1989.

No. dissected

Empty uteri:
No. in age categorv 1
No. in age category 2-
Total

-1

No. of abortions in
age category 2-7

Rusinga Island Mainland
246 247
2 (0.8%) 3 (1.2%)
7 (2.8%) 7 (2.8%)
9 (3.7%) 10 (4.0%)
5 (2.0%) 5 (2.0%)

v



revealed fthreo cases of foillicutar degencrations.,  These
involved two «f the 331 (0.6 %) discectod flies from Rusinga
istand and one of the T4 {003 %) from the mainland., Only
one case of egg retention was recerded out of a total of 672
flies dissected from both localities. Intra-uterine ey
measurements of 61 flies gave a mean egeg sizve of 1.65 + 0.05
mm with a limiting value of 1.55 mm. Category 1 flies were
not included because these are undersampled by biconical
traps and the size of the sample was small as stated
carlier, Nine of the 246 (3.7 %) females from Rusinga
Tsiand had emoety uteri and 5 (2.0 %) were determined to have
had abortions (Table 3). Ten of the 247 (4.0 %) females
frem the mainland bhed GIPLY uteri bul again oniv & (2.0 %)
were determined to have had aborticns, Nearly all the flies
examined for insemination (total 700! were found Lo be
inseminated excepl flies in the catezory OA in which 6 of
the 14 (47 %) evamined from the island and the mainland

combined were not inseninated.

Mark~releasemrecapture studies

Feeding and pregnancy cycles

Corrected recanture rates {CRRs) from mark-release-

recapture data for the first exXperiment shown in Appendix I1I

(Table 2.3) indicatcd that there was ne discernible pattern



of peaks when CRRs were plotted against time. In addi;iwn,
the experiment was of 4 raiher short duration to depici any
cycles.  (Ris frow the second expariment, yvhich ran for a
longer peviod of time vAppendin T, Table 2.4), showed peaks
at latervals of 5, 9, 14, 18, 22 and 20 days for female
flies (Fi:. !4b). This couid reilect a pragnency cycle of
8-9 days, with a hunger cyele superimposad at 4-4 dave
There was no clear cut pattern in Lhe peaks for male flies

(Fig., l14a;.

Abso'lute population size
P

The absoluie population density for the Wakondo/Kakrigu
area in the southern part of Rusinga Island (Fig. 2) was
determinec by regression lines drawn Lhrough CRRs plotted
against time (Fig. 14}, The regiression lines wore

significant: for male _jies the eguation was Y=0,865-0,73X
(R2=0.7467, where Y=1n CHRE, X=in Day and standard error of

b=0.089%%+ j For femals flies the equation was Y=0.215-

0.0868X (RZ2=0.507.-

e

y, F=27.8%%¥%, where v=ln CRR, XxzDay,
standard error of b=0.013 and ¥XK*k=P<0.,001 ). Extrapolating
the regression lines to day "0’ the male and female
populatiors on the day of marking were estimated at 4,211
and 7,872 in the estimated area of 14 hectares which was

equivalent to 301 males and 559 femaies per hectare,

respectively.
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Fig. 14, Corrected recapture rates of (a) male and (b)

female G. f. fuscipes on Rusinga island showing
peaks for females at intervals of about 4 and 7-9
days following marking.
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Dispersal

In the first experiment 1,027 flies (501 males and 526
females) were marked and released, Of the marked and
released flies, 329 (140 males and 189 females or 32.0 % of
the total number of flies released) were recaptured within
eleven days Appendix 11, Table 2.3. The distances at which
flies were rvecaptured within seven hours following their
release in one of the experiments is presented in Table 4.
The farthest distance from the release point at which a fly
was caught was 600 m in seven hours. Using the modified
equation of Pielou (1977) described previously (section on
mark-release-vrecapture experiments) the best fit at 120 m,
was obtained when lambda (ﬁ) was equated to 22 m for males
and 32.5 m for females (Table 5). If fly activity is
diurnal lasting six hours the distance travelled per day
would be 54 m for males and 80 m for females. If fly
activity is extended further to twelve hours the distance
travelled is estimated at 76 m and 112 m for each sex,
respectively. An attempt was made to include an escape
response in the calculations but this did not improve the

fit,

In the second mark-relesse-recapture experiment 2,199

flies comprising 802 male and 1,397 female G. f. fuscipes

s
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Table 4. The distances from the release point at which
G. f. fuscipes was recaptured and the time
taken.

Time {hours)

Distance (m) 1 2 3 4 5 6

‘ M F M F M F M F M F M F M
120 0 ¢ 1 3 0 2 0 3 2 13 8 11 3
240 0 0 0 0 0 1 0O 0 6 4 1 3 1
360 0 O 0 0 0 0 0 0 0 3 0 1 2
480 0 O 0 0 0 o0 0 O 0 o0 0 4 0
600 0 O 0 0 0 0 0 0O 0 o0 0 1 0

720 0 0 0 O 0 0 0O 0 0 0 0 O 0

=

e




Table 5 Best fit values of lambda to
square displacement per hour
on Rusinga island.

~Time (hours) Observed
Male Female
1 0. 006 0,400
2 0.007 n.024
3 2.6000 0.016
4 3.000 0,025
5 0.614 0.110
6 0.056 0.112
7 G.022 0.038

estimate root-mean-

for G. f. fuscipes

rredicted

0.600

0.600

0.003

0.010

0D.019

0.028

0.038

Female

0.001

Best fit value of lambda gives Root-mean-square displacement
per hour of 22 wm for males and 32.5 m for females.
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were marked and released. Of these 422 (120 males and 302
females or 19.2 % of the marked and released flies) were
recaptured (Appendix .., Table 2.4). From 12 November to §
December 1988, after traps were increased in number and
rearranged so as to determine distances moved by flies from
the release point, 238 flies were recaptured. Of these 201
(84 %) were recaptured in trap W1 placed 0.5 km west of the
release point, 18 {8 %) in trap E1 placed 0.5 km east of the
release point and 6 (3 %) in trap W2 sited 1 km from the
release point (Fig. 4). A few flies were also caught in
traps W3 (4) and E2 (1) which were set 1.5 km west and 1 kmn
east of the release point, respectively. None of the flies

was caught beyond 1.5 km in 28 days.

DISCUSSION

G. f. fuscipes population densities on Rusinga Island
and the mainland showed remarkable stability. This may
suggest an adaptation of this subspecies to equable and
almost optimum environmental conditions offered by its
habitat. The absence of human trypanosomiasis in the area
for a long time may explain why there are no active tsetse
fly control measures on Rusinga Island and in the Mbita
area. The result is that the Present tsetse habitat is
largely undisturbed except for localized clearings of

vegetation for cultivation of crops.,

—



The fall in trap catches during the rainy seasons could
be an artefact arising from the poor availability of flies
to biconical traps at this time of the year. Dransfield et
al. (1982) who used water traps and biconical traps to
monitor changes in the populations of G. m. submorsitans and
G. tachincides in Nigeria observed that the effectiveness of
these sampling tools varied over the year. Glasgow (1954)
working in the same region where the present study was
conducted employed fly rounds to monitor changes in
populations of G. f. fuscipes and observed that population
fluctuaticns were not related to seasons. Correlations
between climatic factors and changes in fly populations have
been reported by some workers, for example, Nash (1937).
Rogers (1979) and Roger:- and Randolph (1984; 1985) have,
however, pointed out in separate studies that climatic
factors de not act directly to reduce population size but
will reduce populations indirectly through birth and death
rates. There are other factors such as the availability of
host animals of tsetse (see Chapter 7) and restricted
mobility of flies that could also be responsible for the
stability of the populations in addition to the climate

being equable.

Tlie fastors Lhat caused a drop in the female sex ratio
after the rainy season are difficult to explain. It is

possible tiaL at this time of the year when floods were
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usually observed, females could have moved a little farther
inland to seek larviposition sites. However, it is unlikely
that the movement of females could have been massive or
taken place over long distances on the basis of evidence

obtained from the mark-release-recapture studies.

Due bto logistical problems it was not possible to carry
out mark-release-recaptu.e experiments monthly so as to
determine changes in the absolutbe popualation densities of
flies on Rusinga Island. There is, however, evidence that
biconical trap catches are correlated with atsolute
population densities {(uouteux and Puckland, 1984; Dransfield
et al., in press). The abzolute population density
estimates obtained tallies with Glasgow’s {(1962) study and
showed that the tsetse fly infestation in thick vegetation
on Rusinga Island was heavy. Glasgow’s estimates were 22
and 243 tsetse flies per hectare in two localities of
Central Nyanza region as compared to 301 male and 559 female

flies per hectare in this study .

Mortality rates estimated by the ovarian age analysis
methods were siightly higher during the rainy season but the
calculaticns were based on the analyvsis of data pooled for
twe months due to the small size of the samples obtained.

On Rusinga Island changes in mortality correclated with the
amount of rainfall recucded but this trend was not observed

on the mainland. However, mortality due to rainfall did not



i

appear to be the caus.’ faclor for the drop in the tsetse
fly catches as rainfall is Tikely to act on the puparial
stage which is burried in the soil rather than the adul ts

whose mortality this method estimates.

There was no correlation between mortality rates
derived by ovarian age analysis and by Moran plots after
data for two months were pooled. Neither was there a
significant correlation between mortality rates determined
by the two methods and the environmental factors except
rainfall fer Rusinga TIsland as mentioned above. The
seemingly lack of consistency in the effects of Lhe
environmental factors in the two study sites suggests that
the size of tue fly populations may not have actnally
changed during the rainy season. The two study sites were
so close Lo each other that it is difficult to envisage how
the effects of weather could have been different in the two
areas. Flooding, however, would be an exception in this

respect.

The short duration of this study and the small sample
sizes obtained particurlary for the ovarian age dissections
renders it difficult to draw conclusions on the suitability
of each method from this study. However, there is evidence
from the results wusing both mothods that G. f. fuscipes

populations on husinga fslard and (he mainland in Mbita did
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not experience ’catastrophic’ changes during the period of

this study.

The difference in the age distribution of males and the
fact that there was no correlation in mortality rates of
females from Rusinga Island and those of the mainland
probably indicated local factors, for example, competition
for food, in the two areas which were about 7 km apart.
Rogers et al. (1984) and Randolph et al. (1984) observed
that the dynamics of two populations of G. p. palpalis in
Ivory Coast showed marked differences although the
populations were only about 2 km apart. They attributed
this to be due to the influence of density-dependent
factors, particulary, immigration of the flies into one of
the areas. Whilst density-dependent factors may act
differently on populations in close proximity toc each other
it is unlikely that weather, a density-independent factor,
(flooding could be an exception) would act differently on
populations which are so close. The estimates of mean wing
fray age for male G. f. fuscipes calculated in this study
were used with caution because these were based on the rate
of fray of wings of the morsitans group of flies. 1If time
allowed, better estimates would have been obtained by
carrying out separate mark-release-recapture experiments to

relate wing fray and calendar age for G. f. fuscipes.

.
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Reprcductive abnormalities were rare in G. f. fuscipes.
This supported earlier observations on another tsetse fly
species, C. pallidipes, {Turner and Snow, 1984; Dransfield
et al., 1985). Abortions can be induced by confining flies
in trap cages for a period of time (Turner and Snow, 1984)
and it is not possible to distinguish such abortions from
those caused by natural causes in the field. The low
percentages of abortions recorded, however, indicate that
even taking trap-induced abortions into conside.ation the
figures were still low. This suggests that the populations

were not under stress.

On the basis of random diffusion movement, G. [.
fuscipes c¢cn Rusinga Island was estimated to move not more
than 112 m per day at most. This estimate is less than half
the estimate of 270 m given by Rogers (1977) for this
subspecies in Uganda. Considering the patchy nature of the
thickets inhabited by this fly on Rusinga Island, the
estimated distance moved by flies in this study is
reasonable and indeed indicates that this subspecies has
restricted mobility. Inclusion of an escape response to the
egquation did not improve the fit suggesting that an escape
response behaviour did not occur. The patchy nature of the
tsetseé fly habitat and the short distance moved by flies
imply thHat iimigration on a large scale probably does not
take place, 1If this i- the case, traps will have

considerable effect in controiling *he fly densities bul
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only over areas in the immediate vicinity of t.aps. Thus
local suppression in small areas (for exampie, villages)
will be easy but control of the flies from large areas would

be very difficult.
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CHAPTER 5
RESPONSES OF GLOSSINA FUSCIPES FUSCIPES TO ODOUR BAITS

AND TRAP TYPES ON RUSINGA ISLAND, KENYA

INTRODUCTION

The development of the biconical trap by Challier and
Laveissie~e (1973) and later its modification (Challier et
al., 1977) led to widespread use of this trap for sampling
and controlling tsetse fly pepulations, especially the
palpalis group. Recently, the rediscovery of attractive
substances and the ideritification of new compounds as
chemical baits greatly improved the prospects of using
odour-baited traps for sampling and controlling tsetse fly
populations (Vale, 1980; Vale et al., 1988; Hall et al.,
1984; Owaga, 1985; Owaga et al., 1988; Dransfield et al.,
1986; Hassanali et al., 1986; Gough et al., 1987;),

However, until very recently most of the chemical baits
identified have been for the morsitans group of flies,
specifically, G. morsitans and G. pallidipes. The potential
of odour-baited traps for controlling tsetse flies has
stimulated the search for chemical baits attractive to other
tsetse fly species. One of the objectives of this study was
stherefore, to determine the responses of G. f. fuscipes to
various chemical baits some of which have been reported to

be successful for other tsetse fly species. In addition, to



determine the efficacy of various new trap designs which
have been developed over recent vyears for this subspecies
and other species (Flint, 1985; Green and Flint, 1986;
Gouteux and Lancien, 1986; Laveissiere, 1989; Brightwell et

al., 1987, 1990) for use in contrel schemes.

MATERIALS AND METHODS

Chemical baits

Various chemical haits, some of which have been proven
attractive for @. morsitans and @. pallidipes were tested
for efficacy in the field against ¢. f. fuscipes either,
singly or in combinations, using biconical traps (Challier
et al., 1977). These included the following:

i. Cow urine.

ii. Human urine.,

iii. Acetone.

iv, l-octen-3-o01.

V. A mixture of 8 parts p-cresol: 4 parts
l-octen-3~0l1: 1 part 3-n-propylphenol
designated as TF 841 obtained from the
Overseas Development. Natural Resources
Institute (ODNRI) of the United Kingdom.

vi. A mixture of 1 part m-cresol: 1 part
p-cresol: 2 parts l-octen-3-01 designated as

TF 89/4 obtained from ODNRI.



vii. A mixture of 3 parts m-cresol: 1 part
l-octen-3-0l designated as TF 85/1 obtained
from ODNRI.

viii. Washings from a monitor lizard.

ix. Washings from a goat.

Cow urine was obtained from zebu cattle belonging to
farmers on Rusinga Island. It was from different sources
but was mixed in a 20-litre conteainer before being separated
into 2.5 litre glass bottles and stored at room temperature.
Human urine was collec .ed from the author and, like cow
urine, was kept in 2.5-litre glass bettles stored at room
temperature. The urine was stored for two to four weeks
before use. Earlier studies (Dransfield et al., 1986)
indicated that cow urine kept for this period was more
effective than fresh urine for G. pallidipes in Nguruman,
Kenya. l-octen-3-01, TF/841, TF 89/1 and TF 89/4 were
obtained 1rom the Overseas Development Natural Resources
Institute, United Kingdom. These were provided in 120 um
thick polythene sachets with a nominal area of 70 cm? (Dr.
D. R. Hall, personal communication) and were kept in air
tight glass bottles at room temperature before use.

Washings from a monitor lizard were obtained by scraping the
skin of this animal that was trapped on Rusinga Island in
water using a dissecting scapel (Fig. 15). The same
procedure was used to obtain goat washings. The washings

were stored at 4 °C to prevent fermerntation bef re use.



Fig. 15. Monitor lizard from which skin scrapings and body
washings baits were derived.

-



Dispensers

Cow and human urine were dispensed in 560-ml open-top
cans with an aperture diameter of 8.3 cm as reported by
Dransfield et al. (1986). Acetone was dispensed at low,
medium and high dose rates in 216-ml glass bottles with a
0.8 cm diameter hole drilled in the lids; in 185-ml GIBCO
glass bottles with an aperture diameter of 2.2 cm, and in
330-ml glass bottles with an aperture diameter of 5.2 cm,
respectively. Except where stated, the medium dose rate of
acetone was used in all the trials. 1-octen-3-0)l and the
various phlenolic compounds were dispensed in sachets as
described above. All the dispensers were placed on the
ground 30 cm from the vase of the trap (see Figs. 16 and 17)
for maximum concentration of odours near the point where
flies were focussed by the trap (Vale, 1982a, 1983). Rain
water was kept out by covers constructed from tin cans

placed over the dispensers.

Dose rates

Acetcne, cow and human urine dose rates were determined
by estimating the volume of the bait that evaporated from
each dispenser over the duration of the experiments. The
experiments on odour baits were run for 12 hours, from 6.00-

18.00 hours, this being the time G. F. fuscipes was caught



Fig.
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Some of the dispensers used for l-octen-3-ol,
acetone and cow urine baits in trapping trials
for G. f. fuscipes on Rusinga Island and the

mainland.

e
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in traps (see Chapter 3). This study was conducted from
February 7988 to July '989. By taking the means of the
volume oi baits dispensed over 1u hours with a known weight
per milliiitre it was yossiple to estimate the amcunt of
bait in nilligramres that was disperasd during ecach trial.
The dose rates for oshenolic mixtures used were as reporied

by Dr. D. R. Hall (personal communication) {(Table 6 and

Appendix T1T1, Table 2.1,

Trap tLypes

The trap types that were compared included the
biconical trap (Challier, et al., 1977); NG2B trap
(Brightwell et ai., 1987); NG2G trap {Brightwell et al.,
1990); F3 “rap (Flint, 1985 and Green and Flint, 1986):
Vavceua trap (Laveissiere, 1929) and ihe pyramidal trap
{Govteux and Lancien, 1986 ;. The hiconical trap (Fig., 17},
NGZ2E (Fig. 18) and ngLo (Fig 16} were mede from the same
tyvpes of material reusystivrg of blue and black cloth with
white netting. The K3 trap (Fig. 70}, Vavoua trap (Fig. 21)
and pyramidal tipi {Fig. 22) were 21l made from different
materials which w:re of a similar shade of blue colour as
the biconical trao and the NG mods=le. Slight modifications
were made to the colleecting cages of the F3 and pyramidal
traps by adding a central pole to support the collecting

cages. This modification was necessary to standardise the
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Table 6. Dose rate of odour baits determined in a series
of experiments on Rusinga Island from February
1988 to July 1989.

Odour bait Dose rate
Cow urine 253.3-1425.0 mg/h
Human urine 726.0-1457.0 mg/h
Acetone
Low dose 414.2-415.8 mg/h
Medium dose 841.6-844.8 mg/h%*
High dose 9205.0-9240.0 mg/h

Phenol/l-octen-3-0l%*

p-cresol 9.1 mg/day
l-octen-3-o0l 3.0 mg/day
3-n-propyl phenol 0.5 mg/day

* This dose rate was obtained from one experiment (see Table
7 Experiment iii). Throughout the study the medium dose rate
varied from 440.5-914.4 mg/h.

** Provided by Hall (personal communication).



Fig. 17. The biconical trap used in the trapping studies.
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The NG2B trap used in the trapping studies.

18.

Fig.
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Fig. 20. The F3 trap used in the trapping studies.



Fig. 21. The Vavoua trap used in the trapping studie

[
2.



Fig.pp. The pyramidal trap used in the trapping studies.



size of the collecting cages for comparative purposes. The
original collecting cage of the pyramidal trap consisted of
a plastic container to which detergent serving as a killing
and preserving agent was added. The plastic crge was fixed
inside the upper cone of the trap, while that of the F3 trap
consisted of a system f plastic containers fixed at the Lop
of the cone which served as the cage. Experiments to
compare tiraps were conducted from 6.30-14.00 hours to give
allowance for transfering traps from one site to another for

comparisons the next day.

Experimental design of trials.

In all trials except where stated, experiments were
arranged in a randomised 4X4 latin square design replicated
twice in different positions with traps and treatments
placed at least 200 m apart to eliminate the influence of

each other. The following comparisons were made:

i, Control (unbaited biconical trap) versus acetone
Versus cow urine versus acetone plus cow urine.
Inter-trap distance=100 m, three replicates.

ii: As above. Inter-trap distance=500 m, one
replicuate,

iii. Control versus lTow, medium and high dose rates of

acetone,

=

PN
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iv, Control versus acetone versus l-octen-3-ol versus

TF 841.

v, Control vers s TF 89/1 versus T% 84) versus TF
89/4.

vi. Control versus acetone plus cow urine versus cow

urine plus l-octen-3-ol versus acetone plus cow
urine plus TF 841,

vii. Control versus cow urine versus human urine
versus cow urine plus human urine.

viii. Control versus washing from a goat versus washing
a from a monitor lizard (Varanus niloticus
niloticus) (Fig. 15). 3x3 latin square design
replicated twice,

ix. Biconical trap versus NG2B trap versus NG2G trap
versus F3 trap.

X Biconical trap versus pyramidal trap versus NG2B

trap versus Vavoua trap.

Catches of male and female G. f. fuscipes were analysed
separately. An analysis of variance was carried out on the
data, after a log (x+1) transformation in order standardise
the data thereby avoiding the problem that would be caused
by zero catches in the calculations. The Student-Newman-
Keuls test was used to determine differences between

treatment means.



RESULTS

Catcles of G. f. fuscipes using cow urine show that
when traps were placed 100 m apart, whether baited with or
without acetone, caught significantly (P<0.05) more females
than the control (Table 7a). When the experiment was
repeated with traps placed 500 m apart, there was no
significant difference in fly catches between traps with and
without cow urine, and in fact all! baijted traps caught fewer
flies (Table 7b). Further teste trried out to investigate
the effect of three different dose rates of acetone revealed
no significant differences in increases in the catch at any
dose rate (Table 7¢). The series of trials involving
combinations of acetone, l-octen-3-0i, phenols and urine
conducted with traps 200 m apart also showed no significant
differences in increases in the catches of females (Tables
8a, 8b and 9a). However, the combination of acetone, cow
urine, l-octen-3-o0l and phenols revealed a reduction in the
catch (Table 8c) at the 1 % level of significance. The
effect of human urine was not significantly different from
that of cow urine in increasing the catch (Table %9a).
Washings from a goat and a monitor lizard did not enhance

trap catches (Table 9b). A summary of all these results is

presented in Table 10.

Results for the comparison of the six trap types show

that the biconical trap caught significantly more flies than



Table 7.

G. f. fuscipes on Rusinga Island.

The effect o1 acetone and cow urine on cathes of

Males ~?emales
%gﬁal Detrans. Catag Total 6Etrans. Catég
mean index mean index
(a) Treatments
Control 379 20.6a 1.00 821 55.1a 1.00
Acetone 455 29.6a 1.44 978 62.3ab 1.13
Cow urine 390 25.9a 1.25 928 72.8b 1.31
Acetone +
cCow urine 414 28.0a 1.34 1067 72.9b 1.32
F=2.43 ns; df=(3,1°" F=4.32* ; df=(3,18)
R¢=0,95 Cv=9.,05 RZ2=0.95 (CV=5.30
(b) Treatments
Control 123 25.1a 1.00 2217 52.5a 1.00
Acetone 107 25.5a 1.02 185 43.8ab 0.83
Cow urine 91 20.9a 0.83 183 42.9ab 0.82
Acetone +
cow urine 83 I13.5a 0.54 157 36.7b 0.70
F=1.05 ns; df=(3,06) F=7.086" df=(3,6)
k¢ =0.76 Cv=17.9 R¢=0.,97 Cv=2.84
(c}) Treatments
Control 160 17.2a 1.00 272 30.4a 1.00
High rate 191 18.8a 1.09 239 22.2a 0.74
Medium rate 149 15.1a 0.89 205 20.2a 0.67
Low rate 159 15.9a 0.93 223 21.5a 0.71
F=0.46 ns; df=(3,12) F=1.76 ns; df=(3,12)
R2=0.89 Cv=13.0 R?=0.90 Ccv=11.9

Means in the same column with the same letter are not
*=P<0.05;

significartly different.

ns=not significant;



Table 8.

The effect of acetcne,

l-octen-3

-ol,

COW

urine,

TF 841, TF 89/1 and TF 89/4 applied singly or in
combinations on the catches of G. f. fuscipes on
Rusinga Island.
_ﬁm_m__“nm“m__"mmn__wmwmqug.wmnuww. Féaﬁleﬁmwun I
Total Detrans. Catch Total Detrans. Catoh
mearn index mean index
{a) Treatments
Control 101 8.46a 1.00 189 16.5a 1.00
Acetone 130 8.64a 1.02 169 18.9a 1.14
l-octen-3-o01l 138 11.7a 1.35 174 15.6a 0.95
TF 841 134 9.19a 1.08 170 14.34 0.88
F=0.61 ns; df= (3 12) F=0.71 ns; =(3,12)
RZ=0,91 cv=21, R2=0.96 CVv=9.02
(b} Treatments
Control 330 34.4a 1.00 301 34.1a 1.00
TF 89/1 368 39.0a 1.13 365 40.6a 1.18
TF 841 366 42.8a 1.24 354 37.3a 1.09
TF 89/4 461 49.6a 1.43 431 47.5a 1.38
=2.18 ns; df=(3,12) F=1.56 ns; 12)
220,90 Ccv=7.175 R2=0.87 Cv=8,38
(¢c) Treatments
Control 122 12.7a 1.00 2732 25.2a 1.00
Acetone +
cow urine 177 12.7a 1.00 223 z5.0a 0.99
Cow urine +
octenol 107 11.2a 0.89 93 11.3b 0.50
Acetone +
cow urine +
TF 841 65 5.82a 0.50 77 7.59b 0.33
F=0.36 ns; df=(3,12) F=13.,1%***; df=(3,12)
R2=0.78 Cv=20.,9 RZ=0.88 Cv=15.6

Means in the same column with the same letter are not
significantly different.

ns=not significant;

*¥*¥%=P<0.001
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Table 9. The effect of cow and human urine and washings from
a monitor lizard and a goat on catches of G. f.
fuscipes on Rusinga Island.

Males Females

Total Detrans. Catch Total Detrans. Catch

mean index mean index
(a) Treatments
Control 122 11.1a 1.00 207 19.4a 1.00
Cow urine 143 13.9a 1.23 184 18.9a 0.98
Human urine 117 11.0a 0.99 211 2.2a 1.15
Cow urine +
human urine 116 1..8a 1.06 150 16.5a 0.86
F=0.70 ns; df=(3,12) F=0.84 ns; d=(3,12)
R?=0.93 Cv=13.2 R?=0.89 cv=11.9
(b) Treatments
Control 280 38.0a 1.00 371 53.6a 1.00
Goat 273 43.7a 1.14 360 53.5a 0.99
Lizard 259 36.1a 0.95 370 50.1a 0.93
F=0.80 ns; df=(2,4) F=1.00 ns; df=(2,4)
R2=0.95 Cv=T7.11 RZ2=0.99 Cv=2.37

Means in the same column with the same letter are not
significantly different. ns=not significant.



Table 10.

Summary of vdour baits
experiments on Rusinga Island on G.

used in

various
f. fuscipes.

Odour

Control

Experiment 1
Acetone
Cow urine
Acetone + cow urine

Experiment 2
Acetone
Cow urine
Acetone + cow urine

Experiment 3
High dose rate acetone
Medium dose rate acetone
Loew dose rate acetone

Experiment 4
Acetone
l-octenol-3-0l
TF 841

Experiment 5
TF 89/1
"t 89/4
TF 841

Experiment 6
Acetone + cow urine
Cow urine + l-octen-3-o0l
Acetone + cow urine +
TF 841

Experiment 7
Cow urine
Human urine
Cow urine + human urine

Experiment 8
Goat washings
Monitor Lizard washings

Male

1.00

1.44
1.2

1.34

0.87
0.74
6.67

1.09
.89
0.93

1.02
1.35
1.08

1.13
1.43
1.24

1.00
0.89
0.50
1.23

0.99
1.06

.95

O

Index of increase
Female

1.00

1.13
1.31
1.32

0.82
0.81
0.69

0.74
0.67
0.71

1.14
0.95
0.88

1.18
1.38
1.38
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Table 11. Analysis of numbers of G. F. fuscipes caught in
different types of traps »n Rusinga Island.

Males Females

Total Detrans. Catéﬁ lOt&l Detrans. Catgg

mean index mean index
(a) Trap type
Biconical 413 43.9a 1.00 451 44,8a 1.00
NG2B 125 13.7b 0.31 145 i4.1b 0.31
NG2G 150 14.9b 0.34 108 11.1b 0.25
F3 1€ 5.33c¢ 0.12 35 3.56¢ 0.00
F=38.1***; df=(3,12) F=31.1%**; df=(3,12)
R¢=0.93 Ccv=13.1 R2=0.93 (v=18.2
(b) Trap type
Biconical 186 20.2a 1.00 403 44 . 8a 1.00
Pyramidal T4 18.0a 0.89 244 38.4a 0.86
NGZB 150 16.3a 0.81 273 30.8a 0.69
Vavoua 71 6.71b 0.33 180 20.6b 0.46
F=23.4%**; df=(3,10) F=11.3**; df=(3,10)
R¢=0.96 (V=0.96 R2=0.90 CV=7.89

Means in the same colurn with the same letter are not
significirtly different. *¥=pP<0.01; *xx.P<0,001
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the NG traps, which in turn caught significantly more flies
than the F3 trap (Table 1la). In the second trial (Table
11b), there was no significant difference in the catches
between the biconical, pyramidal and NG2B traps (although
the biconical trap still caught the most flies) while the
Vavoua trap caught significantly fewer flies. There was a
tendency for catches to decline from the first to the last
day of trapping for both sexes although the differences
between the daily catches were only significant at the 10 %

level (Fig. 23).

DISCUSSION

The inter-trap spacing used was considered suitable
taking into consideration the area of dense vegetation where
the study was undertaken. The range of attraction of the
unbaited biconical trap was estimated by Dransfield (1984)
to be 15-20 m for G. pallidipes and 10-15 m for G.
brevipalpis. In other insect groups, for example moths,
Perry et al. (1980) who studied their responses to sex
attractants reported that the distance at which the
attractants were placed from each other influenced the
response of the moths. Vale (1977) observed that a single

ox attracled tsetse flies from a distance of up to 90 m.



There is little evidence from these data that any of
the compounds tested increased the trap catches of @. f.
fuscipes. To the contrary, in some instances there was
evidence that some substances weoere repellent (for example,
acetone plus cow urine, cow urine plus 1~octen—3—ol, and
acetone, cow urine plus TF 841). The R-square values from
analysis of variance of the data were generally high (above
90%) suggesting that the experimental design accounted for

most of the variability of the data.

This did not tally with earlier findings, for example,
Chorley (1933) who reported that the catch of g. f. fuscipes
increased when he smeared extracts of animal glands and the
fat of birds (cormorants) and crocodiles to his traps.
Persoons (1966) also reported to have improved the catches
of @G. pailidipes and G. f. fuscipes by applying hot- water
washings of Pigs treated with petroleum spirit to tsetse
traps. The results obtained in this study also differed
from those of Frezil and Carnavale (1976 ) who increased the
catch of @. r. quanzensis by applying carbon dioxide as dry
ice to traps. Furthermore, the results in this study did
not corroborate earlier findings on other tsetse fly species
of the palpalis group which were attracted to odour baits,
For instance, Galey et al. (1986) used carbon dioxide to
increase the catch of G. tachinoides to traps and Merot et
al. (1986) also increased the catch of the same species by

applying ox odour near traps. Cheke and Garms (1988)



doubled the catch of . p. palpalis by adding acetone and 1-
octen-3-0l to traps and Spath and Kupper (1989) employved a
mixture of 3-methylphenol, 4-methylphenol and l-octen-3-ol
to raise the catch of G. tachinoides. Laveissiere (personal
communication) who recently conducted studies on a related
subspecies, G. f. quanzensis, also reported negative results
for the various odour baits that he tested. Since testing
of washings from a goat and a monitor lizard which in the
wild is swarmed by G. f. fuscipes did not enhance the catch
of flies, it is probable that the water medium used for the

washings did not dissolve any attractive odours.

There are three possible explanations that may account
for the results obtained in this study, especially the
apparent variability in response to acetone and cow urine.
First, responsiveness may vary seasonally. Kupper (1988)
reported that the attractiveness of l-octen-3-0l to @G.
tachinoides varied over time and attributed this variation
to the influence of temperature; wind and humidity. Merot
(1989) also observed that the use of l-octen-3-0l and
m-cresol against G. tachinoides gave inconsistent results
throughout the year and suggested that the effectiveness of

odour baits could change seasonally.

Secondly, there was evidence that G. f. fuscipes on
Rusinga Island had restricted mobility and that this could

have lead to a trapping out effect. The effect of trapping

S



out could have come in two ways. Traps could have had a
general effect on the ctsetse populiation in a given area or
each individual trap could have brought about such an effect
in the immediate area surrounding it. In such a situation
it would be difficult to determine the effectiveness of
strong odcur baits in latin square designs as treatments

were changed each day.

Thirdly, it still remains to be elucidated whether
G. f. fuscipes uses more of the visual rather than the
olfactory cues to locate its hosts. It was occasionally
observed, using a telephoto lens of a 135 mm camera that
flies alighted on monitor lizards and sometimes swarms of
flies evern formed on these animals as Fiske (1920) reported.
It was, hcwever, surprising that of the 12 blood meal
samples, mostly collec.ed from the mainland which has almost
the same ~nvironmental setting as on Rusinga Island, 11
blood meais were from goats and one was from cattle.
Although the number of blood meals examined was small the
preponderence of goat blocd meals over these other hosts
available in the area is difficult to explain. How then did
the flies locate the monitor lizards? It is suggested that
for future work host animals of tsetse flies be tested in
pits, as the attractive components may not be from the skin
but the arimals’ breath. This will also rule out the
possibilty of visual detection of hosts by the flies.

Studies using pits have been successfully carried out on @.



pallidipes and G. m. morsitans i Zimbabwe (Vale, 1974a,

1974b) .

The biconical trap was found to be the most effective
trap for 6. f. fuscipes. Ryan et al. {1982) who compared
the relative effectiveness of older trap designs for G. p.
palpalis and G. m. centralis found that the biconical trap
caught at least twice asg many tsetse flies as any other trap
they tested. Although the biconical trap was designed
mainly for the riverine species of Luetse flies, it has
proved to be relatively more effective than muany other older
trap designs for the other groups of teelee Fly species too
(for example, Hargrove, 1977, Guwoga, 1981 Takken, 19843,
However, n recont years o number of new Lrap designs have

been developed for variosus tsetee fly species. For example,

Govtenx aud canci=y (19861 Found hac bheip pyramidal trap
was two to five times wore effective LF o fhe bilconical {rap
for G. f. quanzensis. Fliat (1985} and Brigrntweill ot al.
{1987, 1940} developed the #3 and NG traps, respoctively,
which they reported to be more effective than the biconical
trap for «. pallidipes. I this study it was however found
that the biconical trap was the most effective trap for G.
f. fuscipes. The small modifications made to the pyramidal,
F3 and Vavoua traps in order to standardise the collecting
cages for comparative purvoses of this study were not
expected to cause significant variations in the fly catches.

However, it was shown by Laveissiere et al. (L8927} and Green



(1988) that the material and the shade of blue used to

construct screens could influence the number of flies

attracted to such screens. All the traps used in this study

were made from cloth of the same colour.

-
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CHAPTER 6

REARING G. F. KFUSCIPES FOR VECTORIAL

CAPACITY STUDIES

INTRODUCTION

Tsetse flies of uniform age were required to carry out
comparative studies on the vectorial role of G. f. fuscipes
in transmitting trypanosomes. Fur. hermore, there was need
to determine whether G. f. fuscipes could be reared at the
ICIPE Mbita Point Field Station. This chapter is devoted to
the procedures which were followed and the results obtained
when rearing this subspecies for this purpose, Studies on

vectorial capacity are overed in chapter 7.

Methods of rearing tsetse flies in the laboratory have
been reviewed by Nash and Jordan (1970), itard and Jordan
(1977) and Wetzel (1977). Colonies of tsetse flies are
initiated either from wild collected adults which are
brought to the laboratory for production of pPupae or pupae
are searched for in the field. It is easier to start a
colony with adults than pupae as these are easily caught
with traps. While notable advances have been made in
colonising a number of tselse fly species in the laboratory

in the last two decades, it has not always been easy to rear



and maintain in the laboratory some tsetse fly species in
order to provide sufficient material for research (Itard and
Jordan, 1977), This is due to a number of factors. Tsetse
flies have a low reproductive rate. Females are
larviparous, depositing the first larva on the eighteenth to
the twentieth day after emergence. Subsequently, larvae are
produced at intervals of about 8-10 days. Under optimum
conditions the mean 1life span in the laboratory is about
100-150 days during whkich period 10-15 larvae are produced
(Itard anc Jordan, 1977). Tsetse flies are very sensitive
to contamination with -aemicals an’ bacteria which can lead
to very high mortality rates in insectaries. The cost of
rearing is high because both sexes are exclusively
haematophagous. Besides the colony of tsetse flies, there
is need for a regular supply of blood from mammals such as
goats, guinea pigs and rabbits so these animals have also to
be reared. Alternatively, flies may be fed in vitro through
a synthetic membrane on blood obtained from an abattoir
which 'is defibrinated or blood toc which pPreservatives such
as heparine have been added to stop coagulation. Finally,
the most favourable climatic conditions for rearing tsetse
flies are, depending on species, when the temperature is
between 24-26 °o¢C and relative humidity 60-85 % (ITtard and
Jordan, 1977). Regulation of climatic conditions at these

levels in insectaries - . relatively expensive.



Successful colonisation of tsetse flies has been
achieved by using live animals (for example, Geigy, 1948;
Nash et al., 1966, 1968; Mews et al., 1972; Moloo et al.,
1985) and in vitro techniques (Bauer and Wetzel, 1976; Mews
et al., 1977; Vloedt et al., 1987). Recently, Ochieng et
al. (1987) reported successful colonization of @G. pallidipes
reared under relatively simple conditions. These conditions

were tested for G. f. fuscipes in this study.

MATERIALS AN!I" METHODS

Tsetse insectary

The ICIPE Mbita Point Field Station tsetse insectary
has been described in detail by Ochieng et al. (1987). The
construction is such that the section between the roof and
walls is covered only with grass and wire gauze to allow a
continous flow of air. As a result it is cooler inside the
insectary than outside. During this study, conducted
between April 1988 and December 1989, minimum temperatures
in the insectary ranged from 18.5-24.0 °C and maximum
temperatures from 21.5-30.0 °C. Relative humidity recorded
at 9.00 h ranged from 53-91 %. The surrounding c¢limatic
conditions outside the insectary were similar to those

presented in Fig. 5.



Tsetse fly collection

Using biconical t—aps G. f. fuscipes were caught on
Rusinga Island and transfered to the Mbita Point Field
Station in cages. Fly cages were made of polyvinyl chloride
tube sections which were elliptically shaped and covered
with black terylene netting glued to the periphery of the
tube suitable for feeding tsetse flies on rabbits’ ears
(Mews et al., 1972). Flies were kept in batches of about
10-30 per cage and the cages were placed on trays covered
with wire mesh to allow larvae to pass through the terylene
netting of the cage and the wire mesh to the collecting tray
underneath. The flies were initially fed daily on
defibrinated ox-blood. This blood was collected from the
local abattoir at the time animals were slaughtered for sale
and was deflibrinated using stirrers before being stored at
4 °C. Thc bilood was first thawed and warmed up to 37 °C and
then offered to flies through a silicone synthetic membrane
as recommcnded by Bauer and Wetgel (1976). Due to failure
in achieving sterile conditions at the abattoir this method
was later discontinued because a number of flies were dying
with fully engorged guts showing undigested blood several
days after the initial blood meal. [t was suspected that
these flies were contaminated with bacteria which could have
been the source of mortality. Mortality due to bacterial

contamination has been reported by Wetzel (1977) and Kaaya
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and Darji (1989). To avoid this problem flies were switched
to feeding on rabbits’ ears following a procedure described
by Nash et al. (1966). Several rabbits of mixed breeds
obtained locally (see Chapter 7) were set aside for this
purpose and were examined at monthly intervals for
trypanosome infection by examination of wet blood smears

under the light microscope.

Pupae deposited by flies were collected daily in the
morning. The pupae we.e weighed individually and each
weight was entered into one of o~ following classes; less
than 21, 21-25, 26-30, 31-35, 36-40 and over 40 mg. Pupae
of all we.ght classes except those considered to have been
aborted (weighing less than 21 mg and still whitish in
colour) were placed in emergence boxes (26 cm x 26 cm X 26
cm) made of wood and wire mesh, according to the month in
which they were deposited. Collection of wild tsetse flies
started i1 April 1988 and was carried out at irregular
intervals thereafter to reinforce the colony whenever there

was a great demand for flies.

Tsetse fly rcaring

Flies emerging from pupae in tLhe insectary were kept
under identical environmental conditions 48 reported earlier

for wild collected flies, but in separate batches of 10-15



flies per cage according to sex. They were fed daily on
rabbits’ 2ars. When females were Lwo days old batches of
15-20 flies were placed in cages together with an equal
number of 7-day-old males for 7 days after which the sexes
were separated. Due to a high number of flies dying while
in copula the age of females at mating was raised from two
to four days and the mating period reduced from 7 to 2 days.
The pupae produced by these flies were classified according
to weight classes as previously mentioned. The total number
of mated females, the mean number of females producing
pupae, percent daily mortality, mean number of pupae per
female, mean weight of pupae and emerdence rates of flies

were calculated to as: 3s the performance of the colony.

RESULTS

The wean number of mated females per month was 273 by
November 1988, this mumber dropped to 147 in January 1989
and increased to 1,138 in April 1989 (Table 12). Thereafter
the number remained at around a thousand. Daily female
mortality averaged about 0.64 %. The mean number of pupae
produced per female per month was 2.1. From April to
December 1989 an average of 182 males and 185 females per
month were used for experiments,. In July and December 1989,
241 and 673 pupae, respectively were used for experiments.

Low pupal weights were recorded from December 1988 to



967 881 A
i1 0te 541
ti8 - 117
i §9 ‘8

VIS I AR 114/

£6°%2  T1'ie 6697

LN N I T
198 L6 U101

geOT wir o eser

¢

8ee

18

2iie

917

e

60

886

0¥l

02

e

Y

881

e
—

(4]
908
£0°42
181
080
Y

26§

8

8ee

LAY/

812

9ee
ir'ee
65°%
0¢°0
1§

Ll

&€

01¥a%al 10 Pasn BAT[] a[%f
§2J%a%a) Jo] pasn Sa[ oewyy
oIvasal ioj pasn avdng

(£1v0 saryy aaty)
{§) 92u3disna pajvay)sy

paonpold avdnd °oy

(%) aednd Jo y31em uveg

1000 224 37ewa] Iad avdnd uweg

%) £317ei00 arvmay L11ep uvey

sa7vEa] Jutonpodd uwog

$37083) Tv307 URay

dag any 1438

unp

£vy

i8g

934

6861
uep

88617
A0K

LELTRERE AL

BI1QR 34101 °73

6861 13qwa3dag-ggg] Jaquanoy Wouy uwotjel praTy Juteg
1® £u010d sadyosny sadrosng vuIsso[H a3 Jo aousMI0jIag ‘71 2%y



0£92¢ 9 126 L1498 00%6 7989 2682 1030]
19621 (400%0) 1 [(1°1) s¥1 (8°€1) €841 [1°¢¥) 2865 (§'1¢) SB0F  (§°01) Lge1 soup £107810q%
£996 {1670} L (81) 71 (E°61) 1981  (¥'6¢) 8088 (4°82) 1447 {L°01) ot $3T1] PIIA
1230] 0¥¢ 08-9¢ §e-1¢ 0¢-97 §2-12 12> (8w) sse72 qq812y

*3UBT3A 8BR]O qO¥3 10] qfTam [v30} Jo safviuadiad
9J% 8331°:.3 U] '8)(313M 88R[0 UT pafuvale 4] ysndny
-9867 T12dy 8013 pra1y aq3 wouj pajoaqed sadiosny 7 'p

paival £I09vioqe] puw pyim £q paonpoid asdnd Jo Jq1op

£ 21q%]

R



138

February 1989 as shown by the monthly means (Table 12). The
majority of pupae deposited by both wild and laboratory
flies weighed between 26-30 mg (Table 13) and comparison of
pupae produced by these two groups of flies (excluding pupae
less than 21 mg) using the paired-sample test indicated no
significant difference between them (t=-2.58 ns, df=4,

P>0.05).

DISCUSSION

In assessing the rerformance of the colony there were
some difficulties. Flizs had to be continously brought in
from the field to replenish the colony whenever the need for
flies for use was too high. The total number of females and
pupae produced was actually a product of the number of flies
brought in from the field and the productivity of the
colony. The mean number of bpupae per female per month of
2.1 was higher than the figure reported for the same
subspecies by Moloo et al. (1985) and was close to the
figure of 2.0 reported by Ochieng et al. (1987) for @G.
pallidipes. The mean pupal weight of between 26-30 mg was,
however, lower than the mean of 34.9 mg obtained by Moloo
and his team for the same subspecies. The observation that
there was no significant difference between the weights of
pupae produced by wild-collected and laboratory-reared

females in this study indicated that the feeding regime



adopted was not nutritionally poor. However, Moloo and his
team working with the same subspecies recorded a higher mean
pupal weight. The difference hetween the mean pupal weight
recorded in this study and theire figure conld be due to the
different strains «f ¢. F. fuscip~s used. Thei~ colony
originated from tsetse flies obtoined from the Ceptpead
Alrican Republiic. The Low pupal weigint recorvded [from
December 1988 1+ February 1489 wers ot related to any
physical {facior recorded and probabiy these were a result of

the feeding responses of the female tsetse to rahbits.,

The esa!imated monthly enmergencs rates were low mainly
because pupac of all werght classes were put together in one
emergence hox ., It is probable that pupae under 21 mg
contributed to the number that did net emerge from the
Puparia or emerged but scoon after died. The exclusion of

these under weight pupae from the emergence box would

probably have raised the emerdence rates.

There is very 1ittls inforeat] on availahle in
literatiure on (he perfuiemance of G, f. fuscipes celonies in
the laboratory to maie ary deta,'vd comparisons and, such
COMPATISONs with ather Lse e Fly apocies may not strictly
be justified e Lo inherend differcrces within the tsetlse
spacies, Inval table iniormation, howaver, has been reported
on other {sebse £y stecies for cvamvle, on . austenl (Nash

et al., 1866, (962), on (. P. pslpalis (van der Vicedt et
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al., unpublished), several species including G. m.
morsitans, G. austeni, G. p. palpalis, G. p. gambiensis, G,
tachinoides and G. brev'palpis (Moloo, et al., 1985).
Results obtained in this study did not show any major
deviations' from the general trends of colony productivity of

other tsetszse fly species.

Although the primary objective of establishing and
maintaining the colony was to provide specimens for
vectorial capacity studies, it was demonstrated that with
care it would be possible to expand the G. f. fuscipes
colony under the simple conditions initially designed for gG.

pallidipes.

s



CHAPTER 7

STUDIES ON VECTORIAL CAPACITY OF G. F. FUSCIPES

INTRODUCTION

Knowledge of the vectorial capacity of any vector is
important to understand the epidemiology of the disease as
well as for control strategies. In general the various
factors involved in disease transmission should be
investigated for a prorer control programme to he done. In
the case of tsetse flies there are many factors that would
influence the development of trypanosomes in the flv and
these have heen reviewed in detail by Jordan (1974, 1976)
and Molyn.ux (1977, 1980). Molyneux grouped all the factors
involved under three headings: (a) endogenous factors
associated with the fly, (b) ecological factors and (c)
factors acsociated with the parasite and the host. Because
of the many factors involved and the bias inherent in
sampling techniques for tsetse flies (Glasgow and Phelps,
1970), conflicting results of trypanosome infection rates of
flies in the field have often been reported by various
workers, Laboratory studies on trypanosome infection rates
attempt to resolve the above variations. However,
laboratory studies alone should also be considered with
caution as they have the limitation of oversimplifying

natural conditions. In this study both approacles were
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taken to investigate the vectorial capacity of G. f.

fuscipes c¢ollected from Rusinga Island.

MATERIALS AND METHODS

Field collected tsetse flies

G. f. fuscipes were caught using biconical traps on
Rusinga Island and the mainland of Mbita, South Nyanza
District, Kenya, during tsetse surveys and routinely each
month (see Chapter 4). Each month, 30 males and 30 females
were picked randomly from fly cages containing flies caught
from each study site for dissection and examination for

trypanosome infection.

Flies were dissected using the method of Lloyd and
Johnson (1924). The midgut, labrum, hypopharynx and both
salivary glands of each fly were dissected on microscopic
slides to which drops of 0.9 % physiological saline had been
added. These were then examined for trypanosome infection
in separate drops of saline under the light microscope.

This study was conducted from February 1988 to June 1989,

-



Host determination

An attempt wasg made to determine the animal source of
bloodmeals for the flies in the study area. Fed flies
caught in traps at various marked sites were dissected and a
smear of the gut made onto a sector of a filter paper
provided by the International Laboratory Research for Animal
Diseases {(ILRAD). The Smear was allowed to dry in the air
before being placed in a desiccator over calcium chloride.
To avoid contamination blank filter papers were placed
bet: >en smears. A record was kept of the smear numbers,
subspecies of fly, Sex¥ s, study sites, dates and types of
animals seen near the places where the tsetse flies were
caught, All the filter bpaper smears were sent to ILRAD for

bloodmeal analysis.,

Laboratory studies

Laboratory animals

1. Trypanosome stocks:
An attempt was made to isolate trypanosomes from
flies and cattle on Rusirnga Island and the area
within the vicinity of Mbita Point Field Station
on the mainland. Howevelr, this failed because
only one fly -ras found infected with 7. congolense

type trypanosomes. The midgut, labrum,
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hypopharynx and salivary glands of this fly were
macerated and inoculated separately into mice.

The mice were examined for trypanosome infection
for eight we ks but none picked up the infection.
Some stocks of 7. congolense and T. simiae, which
is closely related to it, fail to develop in
laboratory animals {(Nveko, personal
‘commnuanication), Collaborative observations were
carried out with Drs A. Latif, D. Punyua and M.
-Hassan (Resident Research Scientists of the
Livestock Ticks Research Programme based at Mbita
Point. Field Station) to determine the incidence of
trypanosomiasis in cattle in the study area with
the intention of isolating trypanosome strains for
use in this study. During routine examinations of
cattle on the island initiated by complaints
lodged by cattle owners that their livestock were
diseased, animals suspected to have been suffering
from Ltrypanosomiasis were bled from the ears and
blood collected in heparinised tubes, Thin, thick
and wel blood smears were prepared and examined
for the presence of trypancsomes. In addition,
0.2 ml of blood from each animal source was
inoculated into mice. The mice were checked for

Ltrypanosome infection for eight weeks.
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Of the four animals found infected with
trypanosomes three were found to be infected with 7.
vivax as revealed by tain blood smears examined. The
infected animals 11 came from the island. The fourth
animal was infected with 7. congolense and came from
the mainland. Unfortunately this animal was treated
with Berenil before blood was collected for mouse
inoculation (Latif, personal communication), ft was
not surprising therefore, that mice did not pick up the
infection. Because of scarcity of trypanosomes from
the study area trypanosome stocks used in this study
were collected fronm hambwe Valley by the Tsetse
Research Programme Scientists (Darji, personal

communication):

i) F1 - A T. congolense stock isolated from a
female @G. pallidipes caught in Ruma thicket,
Lambwe Valley, on 31/5/88. It was passaged
once into mice.

ii) F2 - A 7. congolense stock isolated from a
female @. pallidipes caught in Ruma thicket,
Lambwe Valley, on 6/6/88. It was Passaged
once into mice.

iii) Maruma - A T. congolense stock isolated from
a cow in the Coast Province of Kenya on
6/7/83. 1t was passaged many times in mice

and rats before use in this study.

-



It was found to be resitant to normal curative
doses of samorin (Nyeko, personal
communication).

iv) F4 - A T. brucei stock isolated frcm a female
G. pallidipes in Ruma thicket, Lambwe Valley
on 3/2/87. it was passaged once into mice.
It caused chronic infection in mice (Darji,
personal communication!.

v) 6 - A T. brucei stock isolated from a male
G. pallidipes caught in Ruma thicket, Lambwe
Valley on 7/3/87. 1t was passaged once into
mice, It was found to be a virulent stock
(Darji, personal communication).

vi) F27 - A T. brucei stock isolated from
G. pallipides iri Ruma thicket, Lambwe Valley,

in January 1988.

2. Tsetse flies:

G. f. fuscipes

A colony of G. f. fuscipes was raised from flies
caught on Rusinga 1slane. For details and history of
this colony see Chapter 6. Only teneral @G. f. fuscipes

were used.

o



G. pallidipes

Male and female G@. pallidipes were obtained from
the Tsetse Insectary at Mbita Point Field Station,
This colony was raised from flies caught in Lambwe
Valley (Ochieng et al., 1987). At the time this study
was carried out serious rearing problems were
experienced with the gG. pallidipes colony in the
insectary. There was A significant drop in
insemination rates with a subsequent corresponding drop
in pupal production rates, For this reason only
teneral and non-teneral males up to 4 weeks cld were
made available for this study. The females were

strictly reserved for the expansion of the colony.

3. Mice and rats:

. Balb C mice and Wistar rats were obtained from the
Animal rearing Unit of the ICIPE in Nairobi. Mice and
rats were kept in plastic cages with steel wire tops
and were fed on commercial rodent pellets and water ad
libitum, They were kept at room temperature ranging

from 18 to 30 ocC,

4. Rabbits:

These were of mixed breeds which included; New
Zealand white, Californian white, French Jlobe and
Kenyan white. They were reared at the ICIPE, Nairobi

and Mbita Point Field Station Animal Units. They were



kept at room temperature as recommended for mice and
were fed on commercial rabbit pellets, green vegetables

and water ad 1ibi..m.

Infection of rats and tsetse flies

Each stock of trypanosomes was innoculated into a
group of six rats at a dosage of 0.2 ml of diluted
blood per animal. For each stock a rat was selected at
peak parasiteamia to feed batches of teneral G. f.
fuscipes and teneial ard non-teneral G. pallidipes.
Each rat was anaesthetized with sodium pentabarbitone
(Sagatal) before “"ies fed on its belly through the
cage notting. The flies were left to feed for 30
minutes. One rat was usually enough to feed both
groups of G. f. fuscipes and @. pallidipes, one batch
after ancither, with flies numbering up to 100. If an
infected rat died in the process it was replaced with

another.

Flies were offered the infective blood meal twice,
on the first and second day after emergence.
This was to increase the number of flies feeding since
not all the flies fed on the first day. O01d flies were
initially starved for two days prior to being given the

infective bloodmeal. After taking the infective meals
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flies were maintained for 30 days on separate groups of
clean rabbits according to trypanosome stocks
innoculated in them. Flies which died during this
period were removed from the cages at least twice in a
week. On the 31 st day post-infected feed, flies were
not offered a bloodmeal and were dissected and examined
for trypanosome infection the next day. The Chi-square
test was used to compare the proportions of flies with
infection at the midgut (immature), hypopharynx and
salivary gland (mature) levels. Comparisons were done
between males and females of (. f. fuscipes and between
males of G. f. fuscipes and G. pallidipes. The Yates
Correction factor was applied if degrees of freedom

equaled one (Clarln, 1969).

RESULTS

Field studies

One thousand and six G. F. fuscipes comprising 509
males and 497 females from Rusinga Island were dissected and
examined for trypanosome infection. None of these was found
to be infected with trypanosomes (Table 14}, A total of 477
male and £26 female flies from the mainland were dissected
and examired for trypanosome infection. Of these only one

female flv (age category 5b, that is, about 50-54 days old)
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Table 14 The number of @G. F. fuscipes dissected and
examined for tryparosome infection. The flies
were obtained from Rusinga Island and the
mainland in Mbita, South Nyanza District, Kenya.

G. f. fuscipes

Locality o e .
Male Female Total
Rusinga Island 509 497 1006
Mainland:
Kisui/Kombe 421 455% 876
Mbita Mission 56 71 127
subtotal 477 526 1003
Total 986 1023 2009

¥ Of these one female tly was infected with T. congolense
type trypanosomes.

-



Table 15

Results of tsetse blood m
fuscipes caught on Tusing

eal analysis of @. £,
a Island and mainland.

Smear No.

1. A1/K/R

2. A2/K/R
3. A3/K/R

1. A4/K/M

5. A5/K/M

o2}

AG/K/M

-3

AT/K/M

8. A8/K/M

9. B1/K/M

10.B2/K/M

11.B3/K/M

12.B4/K/M

13.B5/K/M

14.B6/K/M

15.B7/K/M

16.B8/K/M

Sbecies Sex Details Results
G.f.f. F Wanyama area, Rusinga Cow

Island, trap 1, 12/5/88
G.f.f. M Wanyama area, Rusinga

Island, trap2, 12/5/88 Goat
G.f.f. F Wanyama area, Rusinga

Island, trapl, 12/5/89 Goat
G.f.f. M Kisui, mainland, trap 1

14/5/88 Goat
G.f.f. M Kisui, mainland,

trap 1, 14/5/88 Not suitable
G.f.f. F Kisui, mainland, trap 1

14/5/88 Goat
G.f.f. M Kisui, mainland, trap 3

14/5/88 Goat
G.f.r, F Kisui, mainland, trap 3

14/5/88 Goat
G.fr.f. F Kisui, mainland, trap 3

14/5/88 Not suitable
G.f.f. M Kisui, mainland, trap 3

14/5/88 Not suitable
G.f.fr. M Kisui, mainland, trap 1

14/5/88 Goat
G.f.f~. F Kisui, mainland, trap 1

12/5/88 Not suistable
G.f.fF. F Kisui, mainland, trap 3

12/5/88 Goat
G.f.f. F Kisui, mainland, trap 1

29/7/88 Goat
G.f.f. F Kisui, mainland, trap 1

29/7/88 Goat
G.f.f F Kisui, maintand, tr.p 1

18/8/88 Goat




was found to be infected. The infection was observed in the
midgut, labrum and hypopharynx which suggested a
T. congolense type of infection. This gave an infection

rate of 0.10 %.

Host determination

Sixteen bloodmeals were analysed. Of these 11
indicated feeds obiained from a goat and one from a cow
(Table 15}, Four bloodmeals were found not to be suitable

for analysis.

Laboratory studies

Trypanosome infection in flies

Of the three T. congolense stocks two (stocks F1 and
F2) showed males of G. Ff. fuscipes to be more infected in
the midgut than females (N=385, Xx2=8,37, df=1, P<0.01 and
N=412, X2=11.69, df=1, P<0.001), respectively (Tables 16 and
17). The third T. congolense stock (Maruma) gave a
different result. There was no significant difference
between the two sexes of G. f. fuscipes (N=275, X2=0,38,
df=1, P>0.05) (Table 18). 1In all the three strains

comparison of midgut (immature) infections between male G.



Table 16 Trypanosome infection rates in G. f. fuscipes and
G. pallidipes infected with a T. congolense
stock F1. In brackets are percentages of
infected flies.

Number G. f. fuscipes G. pallidipes
Male Female Malex
Dissected 183 202 158

Infected in
midgut 31 (16.9) 14 (6.9) 18 (11.4)

Infected in
the labrum 1 (0.5) I (0.5) 6 (3.8)

Infected in
the hypopharynx . (0.5) 0 (0) 7 (4.4)

*Male G. pallidipes included teneral and non-teneral flies.

Male vs. female G. Ff. fuscipes (immature infections):
N=385, X2=8.37, df=1, P<0.01%x

Male G. f. fuscipes vs. male G. pallidipes (immature
infections):
N=341, X2=1.69, df=1, P>0.05 ns.

Male G. f. fuscipes vs. male G.pallidipes (mature
infections):
N=341, X?2=4.02, df=1, P<0.05



Table 17. Trypanosome infection rates in G. f. fuscipes and
G. pallidipes infected with a T. congolense
stock F2. In brackets are percentages of

infected flies.

Number 7. . fuscipes G. pallidipes
Male Female Male*

Dissected 175 237 15
Infected in

the midgut 50 {28.8) 34 (14.4) 3 (20.0)
Infected in

the labrum 0 (0) 0 (0) 1 (6.7)
Infected in

the hypopharynx 0 (0) 0 (0) 1 (6.7)

*Male G. pallidipes included teneral and non-teneral flies

Male vs. female G. f. fuscipes (immature infections):
N=412, X2=11.69, df=1, P<0.001 *x%xx

Male G. f. fuscipes vs. male q, pallidipes (immature

infections):
N=190, X230.17, df=1, P>0.05 ns

Male G. F. fuscipes vs. male @. pallidipes (mature
infections):

N=190, X2=2.45, df=1, P>0.05 ns

e



Table 18. Trypanosome infection rates in G. f. fuscipes and
G. pallidipes infected with a T. congolense
stock Maruma. In brackets are percentages of

infected flies,

Number G. f. fuscipes G. pallidipes
Male Female Male*
Dissected 155 120 60

Infected in
the midgut 19 (12.3) 11 (9.2) 5 (8.3)

Infected in
the labrum 1 (0.6) 0 (0) 3 (5.0)

Infected in
the hypopharynx 0 (0) O (0) 2 (3.3)

*Male @. pallidipes included teneral and non-tereral flijes.

Male vs female G. f. fuscipes (immature infections):
N=275, X2=0,39, df=1, P>0.05 ns

Male @. r. fuscipes vs. male @. pallidipes (immature
infections):
N=215, X2=0,33, df=1, P»>0.05 ns

Male G. F. fuscipes vs. male G. F. fuscipes {(mature
infections):
N=215, X2=2,22, df=1, P>0.05 ns



Table 19. Trypanosome infection rates in G. f. fuscipes and
G. pallidipes infected with a T. brucei stock

F4. In brackets are percentages of infected
flies.
Number G. f. fuscipes G. pallidipes
Male Female Malex
Dissected 220 188 77
Infected
the midgut 26 (11.8) 29 (15.4) 5 (6.5)

Infected in :
the labrum 0 (0) 0O (07 2 (2.6)

Infected in
the hypopharynx 0 (0) 0 {(0) 2 (2.6)

Infected in
the salivary glands 0 (0) 1 (0.5) 5 (6.5)

*Male G. pallidipes included teneral and non-teneral flies.

Male vs. female G. F. fuscipes (immature infection):
N=408, X2=0.84, df=1, P>0.05 ns

Male G. f. fuscipes vs. male G@G. pallidipes (immature
infection):
N=297, X2=1.20, df=1, P>0.05 ns

Male G. f. fuscipes vs. male G. pallidipes (mature
infection):
N=297, X2=10.87, df=1, P<0.01 x*xx



Table 20. Trypanosome infection rates in G. f. fuscipes and
G. pallidipes infected with a T. brucei stock
F6. In brackets are percentages of infected
flies.
Number G. f. fuscipes G. pallidipes
*‘1le Female Male*
Dissected 169 213 154

Infected in
the midgut 25 (14.8) 24 (1.3) 22 (14.3)

Infected in
the labrum 0 (0) 0 (0) 0 (0)

Infected in
the hypopharynx 0 (0) 0 (0) 4 (2.6)

Infected in
the salivary glands 1 (0.6) 1 (0.5) 14 (9.1)

*Male G. pallidipes included teneral and non-teneral flies.

Male vs. female G. f. fuscipes (immature infections):
N=382, X2=0.76, df=1, P>0.05 ns

Male G. f. fuscipes vs. male G. Pallidipes (immature
infections):
N=323, X2=0.00, df=1, P>0.05 ns

Male G. f. fuscipes vs. @. pallidipes (mature infections)
N=323, X%2=11.29, df=1, P<0.001 x*x*x

-



Table 21. Trypanosome infection rates in ¢. f. fuscipes and

G. pallidipes infected with a T. brucei stock F
27. In brackets are percentages of infected
flies.
Number G. f. fuscipes G. pallidipes
Male Female Male¥*
Dissected 163 118 127

Infected in
the midgut 20 (12.3) 16 (13.6) 37 ( 29.1)

Infected in
the labrum 0 (0) 0 (0) 8 (6.3)

Infected in
the hypopharynx 0 (0) 0 (0) 12 (9.4)

Infected in
the salivary glands 1 (0.6) 0 (0) 23 (18.1)

*Male G. pallidipes included teneral and non-teneral flies.

Male vs. female G. f. fuscipes {immature infections):
N=281, X2=0.24, df=1, P>0.05 ns

Male G. f. fuscipes vs. male G. pallidipes (immature
infections):
N=290, X2=11.80, df=1, P<0.001 *x*x

Male G. f. fuscipes vs. male @G. pallidipes (mature
infections):
N=290, X2=26.53, df=1, P<0.001 x*xx*xx

-
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f. fuscipes and male @G. pallidipes were not significantly
different at P=0.05, Only the Fl stock showed that male @,
pallidipes developed significantly more hypopharyngeal
(mature) infections than male G. f. fuscipes (N=341,

X2=4,02, df=1, P<0.05) (Table 16).

Different results were obtained when T. brucei stocks
were compared. In all the stocks ilmmature infections in
male and female flies were not significantly different
(Tables 19, 20 and 21). Comparison of immature infections
between male g. f. fuscipes and male @G. pallidipes indicated
that in two of the three stocks (stocks F4 and F6) there was
no significant difference. In all cases of mature
infections male @. pallidipes were significantly more

infected than male G. F. fuscipes.

DISCUSSION

Field results indicated that none of the G. Ff. fuscipes
from Rusinga Island were infected with trypanosomes and only
one of the flies from the mainland was infected with a T,
congolense type of trypanosomes. It appears that the main
factor responsible for the absence of trypanosomiasis in the
area is the lack of animal reservoir hosts for this disease
and/or the lack of contact between infected hosts and the

flies. There were few species of game animals in the study

s
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area (see Chaplter 2) and these existed in low numbers, 1In
addition, most of these animals were found inland on hills
so that there was litt) or no contact between them and @.
f. fuscipes along the lake shore. OF the animals that were
present in the study area it appeared as if there was more
contact between the flies and goats as shown by the
bloodmeal analysis. Eleven of the 12 bloodmeals analysed
were classified as having been derived from goats and one
from a cow. However, the number of bloodmeals analysed was
too small to draw conclusions. Of the twelve bloodmeals
analysed only three were collected from Rusinga Island, the
rest were from the mainland. Early studies by Weitgz (1970)
showed that ¢. F. fuscipes was an opportunistic feeder
utilizing available hosts and that a significantl proportion
of its bloodmeals were derived from reptiles. This
observation has since been corroburated by other workers who
conducted similar studies on the same subspecies in the
neighbourhood of the present study area, in south eastern
Uganda (van Vegten, 1971b) and Mfangano Island (Wijers,
1974a). 1t was probable that on Rusinga Island and the
mainland monitor lizards also formed a major source of feeds
because on many occassions it was observed that flies formed
swarms on these animals while they basked in the sun on the
lake shore.

"

4
Ashceroft (1959) and Ashcroft et al. (1959) showed that

different game animals vary in their reservoir potential as
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hosts of trypanosomes. Several workers (for example,
Jordan, 1965; Harley, 1966a; Moloo, 1980) also showed that
the origin of bloodmeals of different species of tsetse
flies is an important factor that determined their
trypanosome infection rates. Infection rates were observed
to be higher in tsetse species which derived most of their
feeds from bovids than any other hosts. There was no
evidence that at the time of this study goats and cattle
(and monitor lizards) which were the likely major hosts of
the flies in the study area constituted a major reservoir of
trypanosomiasis. Duaring the course of this study three
cases of (rypanosomiasis in cattle were diagnosed on the
island and a fourth one on the mainland. The cattle
diagnosed to have had trypanosomiasis on the island were
imported {rom endemic arcas on the mainland. Manitor
lizards are not reservoirs of salivarian trypanosomes which
affect mammals (Hoare, 1970, 1972). However, Onyango et al.
(1966) observed that cattle under certain circumstances can
be reservcirs of human trypanosomiasis. This situation is
reported to have occurred in Alego and Samia, Kenya, when
following the rise of the water level of Lake Victoria game
animals came into proximity with G. f. fuscipes which passed

the infection to cattle and in turn to man.

There was no significant difference between male G. f.
fuscipes and male @G. pallidipes when immature (gut forms)

T. congolense infections were compared. While immature
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infections were fairly high, mature infections
{hypopharyngeal) were very low in both species, particulary
in G. f. fuscipes. Duke (1933a, 1933b) observed that G.
morsitans was a more efficient vector of trypanosomes than
G. palpalis (presently referred Lo as G. . fuscipes).
Various workers have since showed that Ccifferent tsetse fly
species vary in their vectorial capacity as transmitters of
trypanosomes. For example, Harley and Wilson (1968)
compared 6. morsitans, G. pallidipes and G. F. fuscipes as
vectors of T. congolense. They found that G. F. fuscipes
was a poor vector of this stock of trypanosomes with an
infection rate of 2.9 % compared to G. morsitans with 11.6 %
and G. pallidipes with 13.2 %. In another comparative study
Harley (1971) found that salivary gland infection rates due
to T. b. rhodesiense were 10.3 % and 2.6 % in male and
female G. morsitans, 24.1 %:and 9.5 % in G. pallidipes,

20.6 % and 14.6 % in G. f. fuscipes and none in the 202

G. brevipalpis dissected. Similar results were obtained in
other comparative studies reported by van Vegten (1971a),
Roberts and Gray (1972), Moloo and Kutuza (1988) and Moloo

et al. (1985, 1988).

Genetic differences in vectorial capacity of tsetse
species were elucidated by Maudlin (1982) who showed that
susceptibility of G. morsitans to T. congolense and later to
T. brucei (Maudlin, 1885) was inherited through the female

fly. Subsequent studies (Maudlin and Ellis, 1985) indicated

P
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that the rickettsia-like organisms (RLOs) which had been
observed in several wild tsetse fly species and also thought
to be maternally inherited were closely associated with
trypanosome infections. Maudlin and Ellis suggested that
RLOs affected the digestion of serum in the susceptible fly
which in turn appeared to be very important in killing
trypanosomes. They observed that the reduction of levels of
serum in the flies’ bloodmeals increased midgut infection
rates of 7. b. rhodesiense which suggested that proteinases
were involved, However, they noted that the process was
much more complex because they could not detect any
differences in the rate of serum digestion between
susceptible and refractor;, flies. Furthermore, removal of
lipids from bloodmeal serum mimicked the removal of all the
serum from the bloodmeal. Later, Maudlin (1985) suggested
that in the flies that were refractory to trypanosome
infection, trypanosomes were killed by products of serum
digestion, probably by the lysis of trypanosomes by lipids.
In susceptible flies the RLOs affected the midgut/mycetome
metabolism in some way which inhibited trypanocidal
activity. Trypanosomes which survived either
circumnavigated or rPenetrated the peritrophic membrane which
enclosed the bloodmeal and then entered into the
ectoperitrophic space where they transformed into dividing
midgut forms. Further development of trypanosomes or
maturation took place after a certain interval of time.

This process took Place in the presence of bloodmeal serum

-
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and it was also probably siimulated by serum products
resulting from fly digestion. Trypanosomes with a competent
genotype then migrated to either the proboscis in the case
of T. congolense or the salivary glands in the case of T.

brucei.

More recently Maudlin and Welburn (1988) concluded that
lectin secreted in the fly midgut in response to bloodmeal
serum was responsible for ki}ling trypanosomes that entered
the guts of refractory flies. Susceptible flies did not
secrete enough lectin to kill the trypanosomes because RLOs
which infected them produced the enzyme chitinase which
hydrolysed chitin in the midgut to form Glucosamine during
the larval/pupal staze. Glucosamine was responsible for the
increased susceptibility to tryparocsome infection because it
inhibited midgut lectin. Maudlin and Welburn (1988)
suggested that lectins provided a signal to trypanosomes
established in the midgut which stimulated their maturation
process. They also suggested that different trypanosome
stocks might have different numbers of lectin binding sites
and therefore those with few binding sites would mature even
when lectin levels were very low. Flies with many lectin

binding sites required high levels of lectin to maturec.

In this study immature infections due T. congolense
stocks used were lower in the female than in male G. f.

fuscipes. Immature infections in male G. f. fuscipes and
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male G. pallidipes were not significantly different but
mature infections with the T. brucei stocks were higher in
the former than the latter group. [t would, therefore,
appear that female G. f. fuscipes had higher levels of
lectins relative to the males and that male G. F. fuscipes
had more lectins than male G. pallidipes. Various workers
(Burtt, 1946bL; Fairbai.., and Culwick, 1v50; Clarke, 1969;
Otieno et al, 1983; Mwangelwa et al., 1987) reported higher
infection rates in males than females of other tsetse fly
species in laboratory controlled studies. Harley and Wilson
(1968), van Vegten (1971a) and Moloo et al. (1985, 1988)
reported that . pallidipes developed higher trypanosome
infections due to T. congolense and T. brucei than G. f.
fuscipes in studies conducted in the laboratory. However,
it still remains to be shown what levels of lectins are
produced by different tsetse fly species and how these
levels are affected by other factors that influence the
development of trypanosomes in the fly such as temperature,
the source of the bloodmeal, age of the fly at the time of

infective bloodmeal, etc.

Laboratory studies indicated that G. f. fuscipes
developed lower trypanosome infection rates than @G.
pallidipes. Infection rates in the field were also low.
However, although G. f. fuscipes is less likely to develop a
mature infection than @G. pallidipes it is more likely to

bite flan and, therefore, transmit human trypanosomiasis
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because of its feeding patterns. This appears to be the
case in Busia (Kenya) and Busoga (Uganda) where cases of
this disesase, transmitted by G. f. fuscipes, are presently
being reported. It would appear that since there were no
reservoir hosts in the dense vegetation along the lake shore
in the study area which interacted intimately with the
tsetse flies, and thac. the distribution of flies remained
as it was at the time, the likelihood of infection of flies,

livestock and people would be low.



CHAPTER 8

GENERAL DISCUSSION

The knowledge of the distribution of tsetse flies is
important in relation to the epidemiology of the disease.
G. f. fuscipes on Rusinga Island and the mainland in the
Mbita Division of South Nyanza District of Kenya was
confined to the thick vegetation along the shores of the
lake. These thickets were probably more extensive in the
past than they appear to be today, having been reduced to
isolated clusters because of interference by the local

peopleae.

The central part of Rusinga Island is hilly and so is
the area further inland on the mainland. As a result of
this, these areas are sparsely populated and most of the
human settlements and cultivation of crops occur cn a strip
of flat land near the .ake shore. Clearings of vegetation
for cultivation of crops have influenced the distribution of
G. f. fuscipes which as reported in Chapter 3 is usually a
subspecies associated with water courses along which dense

vegetation occurs.

G. f. fuscipes was caught in thick vegetation within
100 m from the lake shore. Since the area in which this fly

was taught coincided with Lhickets it was considered that



vegetation cover was the main factior limiting its
distribution inland. nowever, 1n situations where the dense
vegetation extends further inland the distribution of the
fly could also be more extensive providing conditions are
suitable for its survival. Such situations have been
reported by various workers (Chorley, 1944; Willett, 1965;

&
i
Langridge and Mgutu, 1971; Okoth, 1985, 1986a).

Mainly due to increased human settlement in the study
area it will be unlikely that the distribution of @. f.
fuscipes would extend much further inland than is presently
reported here, With time, and as the human population
increases the need for more land for cultivation of crops
will mean that much of the vegetation fringing the lake
shore will be reduced in size and hence the distribution of

this fly will likely te be reduced too.

Studies of population dynamics of tsetse flies are very
relevant to tsetse control strategies to be adopted. If it
is established that density indepedent factors are mainly
operational in a tsetse p?pulation, for example, as is the
case at the edge of the fly belt like in South Africa
(Rogers, 1979) the population will take a long time to
resurge following a tsetse control method. If density
dependent factors are mainly in operation, for example, in
the Lambwe Valley of Kenya (Turner, 1984) there will be a

tendency for the tsetse population to resurge rather rapidly
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after a tsetse control measure. This is because the
introduced ‘artificial’ mortality say, from the use of
insecticides, will tend to suppress natural mortality
factors. With the latter having been reduced tsetse flies
would then multiply faster than they would have in the

absence of insecticides.

The use of traps "5 control tsetse flies actually means
adding trap mortality to already exizting naturaj mortality.
Studies on population dynamics make it possible to estimate
the density of traps that would be required to reduce a
population of tsetse flies in a given period of time

providing there is no reinvasion in the control area.

In Chapter 4 the cize of the populations of @. f.
fuscipes cn both Rusinga Island and the mainland were
reported to be remarkably stable. However, there was a
consistent drop in catches during the rainy seasons. In the
absence of estimates indicating changes in monthly absolute
population sivzes of the flies ard more convincing evidence
to show seasonality in mortality rates that wer. recorded,
it would appear that t! . fall in trap catches may have
resulted from the poor availability of flies to the
biconical traps at this time of the year rather than an
actual decline in the population sige, Dransfield et al.

(1982) who sampled G. m. morsitans in Nigeria throughout the
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year observed that the effectiveness of biconical and water

traps varied according to season.

It may be concluded that the stability of the
populations of G. . fuscipes on Rusinga Island and the
mainland means that these would be resilient following
tsetse control methods. The restricted mobility of the
flies also means it would be difficult to control flies in
large areas because many traps would be required per given
area. However, it would be relatively easy to control this
fly over small areas because there would be limited

reinvasion.

In Chapter 5 it was reported that none of the odour
baits tested for effectiveness against this subspecies (i.e.
cow and human urine, acetone, l-octen-3-0l, mixtures of
phenolic fractions and washings from a monitor lizard and a
goat) using randomised iatin square designs in the setting
up of baited traps in the field were found effective. It
still remains to be determined whether this fly uses visual
rather than olfactory cues to locate its hosts. It is
therefore suggested that G. f. fuscipes’s preference for
goats in the presence of other hosts observed in this study
should be further investigated. Further studies should also
be conducted to determine the effectiveness of various
odours emenating from the breaths of different animal hosts

as G. f. "uscipes may be responding to these odours in its



host finding responses. Odour attraciants have recently
been used for other palpalis group of flies like @G.

tachinoides.

Of the six different Ltypes of traps compared, the
biconical trap was the most effective for @. f. fuscipes.
However, the cost of the variants of this trap (i.e. the
pyramidal and Vavoua traps) should be studied to determine
whether these would be cheaper if used in a control campaign
against G. f. fuscipes. Further experiments should be
conducted to determine why the biconical trap was the most

effective..

A colony of G. f. fuscipes was raised from adult flies
collected in the field and successfully reared under simple
conditions designed earlier for G. pallidipes to provide
specimens for studies on vectorial capacity of the
subspecies. The rearing conditions were found to be cheaper

and suitable for small scale production of G. f. fuscipes.

Trypanosome infection rates of G. f. fuscipes in the
field were found to be very low. Infection rates were 0 %
and 0.10 % on Rusinga Island and the mainland, respectively.
In the laboratory @G. f. fuscipes was found to be less
susceptible to mature trypanosome infection with T.
congolense and T. brucei than G. pallidipes. However, there

were no significant differences between the two fly species



when immature infections were compared. 1t seems reasonable
to suggest that there could be a substance or substances in
the gut of G. f. fuscipes that inhibited further development
of the trypanosomes. Further studies should be carried out
to compare the levels of lectins in @. pallidipes and @G. f.
fuscipes with the aim of finding out what amounts are
required to inhibit the development of trypanosomes.
However, in nature @G. f. fuscipes would appear to be a more
efficient vector of human trypanosomiasis than @. pallidipes

because i1 comes into contact with man more frequently,
i

In the study area ¢, f. fuscipes was found to feed
mostly on goats. This probably accounts for the observed
low trypanosome infection rates in the flies asg goats are
not a major natural reservoirs of trypanosomes that cause
the human disease. The absence of natural reservoirs of
trypanosomes in the study area implied that it was unlikely

that, an epidemic of tryvpanosomiasis would occur among the
human inhabitants. This could also explain why in some
parts of Kenya this fly occurs without the disease. The
situation in Busia near the Uganda/Kenya border could be
chosen as an example of areas where there had been no cases
of the disease until the disease flared up in Uganda and was

reintroduced in the area.
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SUMMARY

The ecology and vectorial capacity of G. f. fuscipes
were studied on Rusinga Island and the mainland in
Mbita Division, South Nyanza District of Kenya from

November 1987 to December 1989.

The distribution of G. f. fuscipes was confined to
thick vegetation along the lake shores formed mainly by
the following plant species: S. sesban, A.
elaphroxylon, Phragmites species and several creepers

of the family Nyctaginacea.

These thickets were probably more extensive in the past
and have become less extensive today because of
clearings made for cultivation of crops. This has in

turn influenced the distribution of @G. f. fuscipes.

Results showed that ¢. f. fuscipes was diurnal in
activity with peak activity occurring from 8.00-9.00 h

for females and 9.00-10.00 h for males, respectively.

Solar radiation intensity was the main factor

influencing activity patterns of G. Ff. fuscipes.

-
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11.

The population size of G. f. fuscipes on Rusinga Island
and the mainland was remarkably stable varying by a

factor of 5 on the island and 7 on the mainland.

There was a drop in trap catches soon after the rainy
seasons. This fall in catches may have been associated
with the poor visibility of flies to biconical traps
during the rainy season rather than a decline in the

actual population size.

The age of male flies on Rusinga Island and the
mainland was estimated using the wingfray method at 24
and 21 days, respectively. This gave mortality rates

of about 4.2 and 4.8 % per day.

The age distribution of the females from the two

localities was not significantly different.

Mortality ratesg estimated using the ovarian age
analysis were higher on Rusinga Island than on the
mainland. There was a positive correlation between
mortélity rates and amount of rainfall on Rusinga

Island.

Estimates of mortality rates obtained using the Moran

curve technique showed no clear trends.
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13.

14.

15.

16.

There was no correlation between mortality rates
obtained by the ovarian age analysis method and the

Moran curve technique.

Reproductive abnormalities in fly samples from Rusinga
Island and the mainland were rare, not exceeding 2 %.
This implied that the populations of @G. f. fuscipes

were not under stress.

Corrected recapture rates (CRRs) showed peaks at
intervals of 5, 9, 14, 18, 22 and 25 days for female
flies. This could reflect a pregnancy cycle of 8-9

days, with the hunger cycle superimposed at 4-5 days.

The absolute population density of G. f. fuscipes on
Rusinga Island was estimated at 301 males and 559

females per hectare in November/December 1988. This
was considered a heavy infestation of this subspecies

compared to other studies in literature.

Using the random diffusion equation first described by
Pileou (1977) and modified by Dr. B. Williams for this
study the distance moved by G. f. fuscipes was

estimated at 76 m for males and 112 m for females in 12

hours, respectively.
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18.

19.

20.

21.

The restricted mobility of this fly implied that
control of this subspecies using traps would be
difficult in large areas because many traps would be
required per unit area. However, substantial

reductions could be achieved jn small areas.

None of the odour baits tested (i.e. cow and human
urine, acetone, 1~octen—3-ol, mixtures of rhenclic
fractions, washings from a goat and a monitor lizard)
were found effective for 4. r. fuscipes. The
combination of acctone and cow urine produced variable
responses especially for female flies., Tt was
considered that such variable responszes may have been

partly due to a trapping out effect on this fly.,

The biconical trap was the most effective trap for
G. f. fuscipes. The superiority of this trap over
other trap designs tested in this study should be

further investigated,

G. f. fuscipes was succeessfully reared under simple
conditions earlier designed for @. pallidipes. This
was found to be cheap and ideal for small scale

production of flies for various studies,

Studies on vectorial capacity showed that @G. r.

fuscipes developed significantly fewer mature
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trypanosome infection due to T. congolense and T.
brucei than gG. pallidipes. Further studies are

required to determine the factors involved in

inhibiting further development of trypanosomes in G. f

fuscipes.

Human trypanosomiasis was unlikely to occu.: in the
study area because of the confinement of the
distribution of the fly to the lake shore and the

absence of reserveir hosts «f the disease.

o
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Table 1.1. Cauches of G. f. fuscipes in a survey carvied out
on Rusinga island. T=Teneral, N/T=Non-teneral.

Males Females
Trap No. T N/T T T N/T % T
1 0 2 0 8] 0 ¢
2 0 0 0 0 0 0
3 0 1 0 0 0 Q
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 Q 0 Q 0 0
7 0 2 0 1 6 16.7
3 0 0 Q 0 1 0
9 0 0 0 O v 0
10 0 3 0 Q 4 0
il 0 0 0 0 0 0
12 0 0 ¢ 0 8] 0
13 U 0 G 0 O 0
14 0 C 0 0 1 0
15 0 G O 0 1 4]
18 0 0 0] 0 0 0
17 0 G Q 0 0 0
18 1 26 3.7 % 51 7.2
14 1 15 £.3 1 26 3.7
27 0 G { 3 0 0
2. o] 0 0 0 0 0
22 0 0 0 0 0 0
23 1 13 7.1 2 86 2.3
T4 11 118 9.3 13 65 16.7
5 8 111 7.2 16 307 5.0
25 8 72 10.0 11 307 3.5
27 11 88 11.1 7 239 2.8
28 6 56 1c.7 12 a5 12.6
29 Q 0 ¢ 0 Q 0
30 1 43 2.3 1 44 2.2
31 0 19 0 2 83 2.4
32 G 0 0 0 0 0
33 0 0 0 0 0 0
34 0 3 0 5 1l 45.5
35 7 42 13.0 5 15 33.3
36 0 0 0 0 0 0
37 7 28 20.0 12 63 19.0
38 0 4 0 3 9 33.3
39 0 1 0 0] 1 0
41 0 27 0 1 8 11.1
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Table 1.1 continued.

Males Femal es
Trap No. T N/T 7T T N/T
42 0 0 0 0 ¢
43 0 5 0 0 2
44 0] 2 o] 1 1
45 0 0 0 0 0
46 0 1 4] 0 1




Table 1.2. Catches of G. f. fuscipes in a survey carried out
on the mainland. T=Teneral, T/N=Non-teneral.

Males Females
Trap No. T N/T % T T N/T % T
1 0 0 0 0 0 ¢]
2 0 0 0 0 0 C
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 4 0 0 g 0
6 ¢ 7 0 0 4 0
7 12 99 12.1 9 11¢ 3.9
8 4 16l 2.5 7 345 2.0
9 2 26 7.7 3 47 6.4
10 0 C 0 0 O 0




Table 2.1

APPENDIX I1I

Estimation of mean wing fray age for male
. . fusci~es on Rusinga Island and the mainland
caught in traps from February 1988 to June 1989,

Locality

Wing fray

1 2 o 4 5 6

Total

Factor

Product

Rusinga Tsland

93 131 103 71 50 47
1.0 2.0 3.0 4.4 5.5 6.9
93.0 262.0 309.0 312.4 275.0 324.3

Product/Flies = 1575.7/495 = 3.2 = 24 days

Total

Factor

Product

Mainland

88 142 92 44 34 22
1.0 2.0 3.0 4.4 5.5 6.9
88.0 284.0 276.¢ 193.6 187.0 151.8

Product/Flies = 1180.4/422 = 2.8 = 21 days




Table 2.2 Mortality rates of G.

plots.

Tt

r.

fuscipes read

from Moran

Month

March 1988
May

June

July
August
September
October
November
December
January 1989
February
March
April

May

June

Rusinga‘igiéhd

Mortality rates

Males Females Males Females

0.5 0.6 0.6 0.7

0 ¢ 0.1 0.3
0.5 0.7 0.8 0.8

? 0.4 ? ?
0.5 H.2 0.2 0.4
0.6 0.1 0.5 0.9
0.1 0] 0.5 0
0.3 0.4 ? 0.1
0.3 0.4 0.6 0.5
0.3 0 0.1 ?
0.3 0.3 0.5 0.7
0.6 0.5 0.1 0.3
0.3 0.4 0.6 0.3

0 0.1 0.1 0.1
0.2 0.4 0.1 0.1

Mainland

?=Mortality rate value

reproductive rate (see text).

lies ocutside expected tsetse
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APPENDIX IT1§

Table 3.1 Amount of baits dispensed in millilitres over
12 hour periocds showing means only from
February 1988 to July 1989,

Mean aéfaht (ml/i2 h)

Expt. no. Day
COW urine human urine Acetone
1 17.5 14.5
1 2 10.0 10.0
3 15.0 12.0
4 20.0 18.5
X 15.8 13.8
) 8.5 7.2
2 2 5.7 5.3
3 < 1i.7 7.7
4 8.7 6.4
X 8.7 6.7
1 i2.0
3 2 13.0
3 11.5
4 18.0
X 13.9
1 4.9 5.0
4 2 12.5 14.5
3 20.3 23.0
4 22.5 21.7
X 14.8 16.1
L M H
1 4.0 10.0 14.0
5 2 4.5 15.0 95.0
3 7.5 12.0 165.0
4 9.0 14.0 160.0
X 6.3 12.8 140.0




Table 3.1 continued.

L=Low dose rate of acetone.
M=Medium dose rate of acetone.
H=High dose rate of acetone.

*The acetcne dose rate for Expt. 1-3 were taken over a
longer period of time compared to the one shown in Expt. 5.
Thus the range of the medium dose rate would be 440.5-914.4
mg/h

Weight of cow urine at 25°c=0.76 g/h.
Weight of human urine at 25%°C=avprox. 0.76 g/h.
Weight of acetone at 20°9C=0.789-0.792 o/h.
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