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ABSTRACT

Studies were carried out in the South Luangwa National Park, located in
the Luangwa Valley Zambia, on the behaviour, ecology and vectorial
capacity of G. brevipalpis and G. m. morsitans and G. pallidipes. The catch
of G. brevipalpis was low in odour baited epsilon, NGUQG, F3 and
biconical traps throughout the year. It was, however, observed that the
flies were attracted to the traps but did not enter. Glossina brevipalpis
was not easy to catch with ordinary fly rounds, but with the use of an
electric screen fly round, more of this fly were caught. The best sampling
system for G. brevipalpis was found to be artifigial refuges which worked
better in the hot dry season from mid-August to mid-December. Tsetse
flies started entering refuges from 09:00 h and left after 16:00 h and this
is the time in which tsetse flies rest beca};lse the environmental
conditions negate tsetse fly survival during this period. Refuges with a
total volume of at least 200 liters were more efﬁcient for as long as they
were dark, insulated and provided with shade. Glossina m. morsitans
was caught more on fly rounds’than using traps while, G. pallidipes was
captured more with traps than in any other sampling system used. Like
G. brevipalpis, both G. m. morsitans and G. pallidipes responded well to

artificial refuges.
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Glossina brevipalpis was concentrated in the riverine vegetation
type throughout the year while G. m. morsitans and G. palli‘;iipes were
more concentrated in the mopane and thicket vegetations. Glossina
brevipalpis was also observed to be a very localised fly to the riverine
vegetation and rarely leaves it. Using a circular setting of seven artificial
refuges of 300 m radius to the one centrally placed gave a recapture rate
of 7% over a period exceeding three weeks. It was noted that even in
such a small area used some refuges outside the riverine vegetation but
within the said radius did not capture any G. brevipalpis. |

Although the catches for artificial refuges and tréps were different
in terms of species composition, the age distribution by both ovarian and
wing fray analysis were simila;. There was also*no significant differences
in infection rates of G. brevipalpis (3.3%), G. pallidipes (3.5%) and G. m.
morsitans (4.4%).

Species identification of trypanosomes were investigated for G.
brevipalpis using a protocol which was developed specifically to isoiate
trypanosome DNA in tsetse fly parts for amplification by the PCR
technique. The technique was able to identify 100% of the T. congolense
(Savannah) and 43% of the T congolense-like infections in tsetse fly
midguts were identified to be T. brucei. Trypanosoma vivax and T. simiae

primers did not amplify and reasons for this are suggested.
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Glossina brevipalpis was therefore, shown to be a potential vector

of African trypanosomosis and hence further studies on the ecology and

control of this species are recommended.



CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

1.1. GENERAL INTRODUCTION

Tsetse flies and the trypanosomes which they carry as biological vectors
are partners in a “widespread crime’ (Nash, 1969). The resulting disease
called trypanosomosis affects both man and livestock. The disease in
man is called sleeping sickness, nagana in cattle, sheep and goats while
it is called surra in camels. Trypanosomosis is one of "the most
economically important diseases of livestock in Zamb.ia and about a third
(250,000 km?) of the total arable land is tsetse infested (Mumba &
Chizyuka, 1987). It is also .reported that over 60% of the cattle

et i

population in Zambia is at risk to the disease (Akafekwa & Awan, 1975).

Tsetse flies infest approximately ten million square kilometers of Africa
covering 38 countries (Murray & Gray, 1984). It fs considered that seven
million square kilometers of this area would other wise be suitable for
livestock and crop production (FAO, 1980). About 30% of the 147 million
cattle in the countries affected by tsetse flies are exposed to the disease
(ILRAD, 1993). Trypanosomos&s in cattle is thus one of the most
important constraints to rural development in Africa (Murray & Gray,
1984). The trypanosomosis situation in sheep, goats, pigs, horses,

donkeys and camels is probably similar but this is not very well




documented (ILRAD, 1993). The estimated losses due to trypanosomosis
is different in different places, however, the annual losses in livestock
production due to African trypanosomoses were in 1983 estimated at
five billion United States Dollars (Murray & Gray, 1984), 'and no reports
to date indicate a different scenario. It has also been estimated that the
total cost of controlling the disease in 1992 alone was in excess of US
$500 million (ILRAD, 1993). However, present data seem to indicate that
tsetse flies are on the contrary spreading to new areas in Zambia (GRZ,
1996). Since the 1950s, the area infested by the Savannah tsetse fly
species has thus continued to expand except in a fe:N areas where due to
high human population densities tsetse fly fronts have declined (Jordan,
1979). This trend has congequently increased the pressure for

& *

settlement in tsetse fly free areas (Murray & Gray, 1984).

There are 30 different species of tsetse flies found in Africa today. They
belong to three distinct groups of Glossina narﬁeiy the Morsitans, Palpalis
and Fusca which are grouped according to their similarities mainly in
terms of type of habitat and behaviour (see annex 1). Five species of
tsetse flies have since been reported in Zambia and they are Glossina
morsitans morsitans Westwo;d, G. morsitans centralis Muchado, G.

pallidipes Austen, G. brevipalpis Newstead, and G. fuscipes fuscipes

Newstead (GRZ, 1996).




In order to control trypanosomosis and their tsetse flies vectors, more
effectively, the international initiative has undertaken several measures
\&hich include research in tsetse flies trapping and control, development
of better trypanosome diagnostic techniques and training of relevant
personnel (ILRAD, 1993). However, research on tsetse flies has advanced
only for certain species of tsetse flies especially the Morsitans group,
while work on the Palpalis and Fusca groups has laggéd behind (Vale,

1993).

1.2. Justification .

While the resource position of most countries which are tsetse fly
infested has declined, the tsetse problem has continued to grow. In order
to rationalize the use of the scarce resources, priorities in tsetse fly and
trypanosomosis control need to be addressed. These priorities should be
based, among other things, on proper understanding of the ecology of the
tsetse vectors in the areas of concern. Thii‘., therefore, means an
acquisition of adequate knowledge on the vector in terms of its behaviour
and population dynamics, which include ' population composition,
mobility and distribution over time and space, preferred hosts and
species of trypanosomes théy carry, becomes very important. The
vectorial capacity of G. morsitans morsitans, G. morsitans centralis and G.

pallidipes, is well documented in Zambia (Williemse, 1991; Woolhouse et

al.,, 1993, Bealby et al., 1996). However, the role of G. brevipalpis and G.




fuscipes fuscipes in the epidemiology of trypanésomosis in Zambia is not
well known. It was with this background that this research was carried
out in order to understand some aspects of the behaviour, ecology and
vectorial capacity of G. brevipalpis in relation to G. m. morsitans and G.
pallidipes. Although G. brevipalpis is generally considered to be of no
economic importance, it was reported to have caused an enormous

trypanosomosis disease problem in the Zulu land of the Republic of

South Africa (Kappmeire, 1997).

1.3. Objectives

1.3.1. General Objective

To study the behaviour, ecolegy and vectorial capacity of Glossina

ol ®

brevipalpis and other tsetse fly species of the Luangwa Valley, Zambia.

1.3.2. Specific Objectives

1. To study the behaviour and the response of G? brevipalpis to different
sampling systems. |

2. To investigate the distribution of G. brevipalpis over time and space.

3. To elucidate the dispersal and daily displacement of G. brevipalpis.

4, To study population comI;bsition of G. brevipalpis in terms of

physiological age and trypanosome infection rates.



5. To identify the type of trypanosomes present in the tsetse fly
mouthparts, mid-gut and salivary glands using Polymerase Chain

Reaction (PCR).

1.4. LITERATURE REVIEW
1.4.1 Tsetse Fly Distribution in Africa
The genus Glossina is restricted only to Africa (Buxton, 19595). Its

northern limits (14° North) extends across the continent from Senegal in

the west to southern Somalia in the east which corresponds closely to

the southern limits of the Sahara and Somali Deserts. The southern

-

limits are however, less well defined. In the southwest, it varies between
10° and 20° South, corresponding closely to the nortﬁern edges of the
Kalahari and Namibian Desert;, where as ‘in the South-east it is
generally at about 20° South but extends as far as 29° South along the
east African littoral (Jordan, 1986). These limits are determined by
climate, often through its effect on vegetation (J?jrdan, 1986; FAO, 1992).
Where the limits are near to the margins of deserts, the 500 mm isohyet
is close to the limits although the flies can penetrate drier areas within
the shelter of vegetation lining water courses (Bursell, 1960). In southern
Africa, where the rainfall is hlgh and there are no deserts, the limits of
Glossina is related to seasonal low temperatures (Jordan, 1986). This
may affect the adult tsetse flies, which are inacﬁve at temperatures below

16°C. The low temperatures also prolong the period spent in the soil as




puparia, this leads to all the preserved fat in the pupae being used before
the development into the adult stage can be completed (Bursell, 1960).
With these natural limitations in the development, infestations of
Glossina are not continous (Ford & Katondo, 1977). Extensive areas
devoid of trees, whether naturally occuring or as a result of human
activities, are generally free of tsetse flies. This is also observed in areas
of high altitude (Swynnerton, 1936; Nash, 1969; Jordan, 1986). The
altitudinal limitation on tsetse fly distribution is also related to seasonal
low temperatures though it tends to be rather difficult to deﬁné (Jordan,
1986; Nash, 1969). The general distributions of Ehe three tsetse fly
groups are described by the FAO (1980). A complete list of the tsetse fly
species according to their grouping is presented in Annex 1.
In general, the Morsitans group of tsetse flies do not live in very wet areas
such as the rainy forest and mangrove swamps but are found mainly in
the open Savannah areas of Africa. Their distribufion seems to be limited
by cold winter conditions in the south (G. m. morsitans, G. m. centralis, G.
pallidipes and G. austeni) [Zimbabwe, Botswana], and hot dry conditions
in the north of West and Central Africa (G. m. centralis and G. pallidipes)
- (see Map 1 in Annex 2). In‘}; less severe climatic conditions, their
distribution may be limited by scarcity of animals such as game animals
on which the tsetse flies feed and to some extent, due to the lack of trees

which provide the necessary shade (FAO, 1980).



The Palpalis group of tsetse flies are mainly restricted to the very humid
areas of Africa which include the mangrove swamps, the rain forest, the
lake shores and the gallery forests along rivers. When members of this
group, penetrate the drier areas, they tend not to move far from the free
water bodies like the rivers and lakes although in more .humid areas, the
Palpalis tsetse flies may not have to necessarily live close to free water
bodies (See Map 2 in Annex 2) (FAO, 1980). Glossina palpalis lives in the
more humid areas of West Africa, from Senegal to Cameron then along
the coast to Angola. In West Africa it penetrates furtfler to the north in
Mali and Senegal, than it does in Nigeria. In the part of its distribution
from Cameron to Angola, it has a long common boundary with G.
fuscipes, with which there is little Sverlap. Glos;ina fuscipes occupies a
very large inland block of Africa centered on the Democratic Republic of
Congo, but covering some of the land in all of the countries surrounding
the Democratic Republic of Congo, as well as Gabon, Cameron and the
southern part of Chad. Glossina tachnoides is aistributed in a broad belt
from Guinea in the west, to the Central African Republic in the east. In
addition, much further to the east are some smaller isolated belts on the
Sudan - Ethiopia border. In Nige}ia and Chad this species is able to live
’further north than either G. palpalis or G. fuscipes. Glossina calliginea
and G. pallicera are mainly limited to mangrove and thick forest of west

Africa, as far as Gabon.




The Fusca group of tsetse flies are of three types mainly on the basis of
distribution. Glossina longipennis is confined to Sudan (south east
corner), Ethiopia (southern boarder), Somalia, Kenya and Tanzania
(north eastern quarter). In general, G. longipennis mainly inhabits the dry
areas of the land. Glosssina brevipalpis is widely distributed in the
eastern part of Africa, stretching from Ethiopia and Somalia in the
north, to Mozambique and South Africa in the south. Thefe is a large belt
of G. brevipalpis in an area west of Lake Tanganyika iﬁ the Democratic
Republic of Congo. The other well known pockets.of the Fusca group of
tsetse flies are mainly restricted to the thicker rain forest areas of Africa.
They have a distribution pattern similar to that observed for the Palpalis
species especiélly G. palpalis ;nd G. ﬁiscip;s. In contrast, the Fusca
group of tsetse flies do not usually penetrate very far into the gallery

forest (See Map 3 in Annex 2) and thus, its distribution is more limited

than the Morsitans and Palpalis groups (Ford & Katondo, 1977).

1.4.2. Tsetse Fly Distribution in Zambia.

According to the National Strategic Plan for tsetse fly and trypanosomosis
in Zambia, three tsetse fly beﬁs are recognised (See Map 4 in Annex 2).

(a) The Eastern Fly Belt: It Comprises approximately 170,000 km? of land
stretching in a north-eastern direction beginning from the confluence of

the Kafue and Zambezi Rivers in Lusaka Province and from the Luangwa



River Valley to its approximate northern limits near the northern
boundary of the country (GRZ, 1996). Wet season intrusion of tsetse flies
occurs on the fringes of the tsetse fly belt, especially in the high
agricultural potential area of eastern Kabwe. The Game Management
Areas (GMAs) and national parks (North and South Luangwa, Lukusuzi
and Nyika) constitute a major portion of the fly belt. The fly species found
in the belt are mainly G. morsitans morsitans, G. pallidipes and G.
brevipalpis .
(b) The Western Fly Belt: This belt Stretches from the south-western
corner of the country through Senanga and Sesheke (.iistricts of Western
Province in a north-easterly direction of theA Zambezi River and then
northwards through Kaoma towards the Zambia-Democratic Republic of
Congo border. The Kafue and Siom‘agwezi Natio;al parks and its GMAs
are encompassed within its boundaries. The southern limit of the belt
still remains undefined. The tsetse fly species found in this belt are G.
morsitans centralis and G. pallidipes. =
(c) Luapula/Northern Tsetse Fly Belt: There are other smaller pockets »of
tsetse fly belts in Luapula Province around Lakes Bangweulu, Mweru
and Tanganyika. The tsetse fly species found in thes§: areas are G.
'ﬁxscipes fuscipes and G. bre:ipalpis. Some G. m. .centralis and G.

pallidipes have also been recorded. Because ‘these areas are marginal

livestock production areas, they are not considered to be economically
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important foci for animal trypanosomosis and cases of human

trypanosomosis (sleeping sickness) are also very rare.

1.4.3.1 Tsetse Fly Life Cycle

Tsetse flies, both male and female are heamatophagous insects which
solely depend on host blood for survival(Buxton, 1955). Tsetse flies
exhibit a unique life cycle called adenotrophic viviparity where one egg is
ovulated, fertilized and nourished by the female tsetse fly until it is
Jarviposited (FAO, 1980). The larva quickly burrows into the soil and the
pupa stage has began. The pupa stage lasts about 3-5 weeks depending
on the season with the pupal stage being shortest in the hot dry season
and longest in the cool dry season (Ibid). Female tsetse flies "lays" larva
every 9-10 days of their lives exc;:pt for the ﬁ;st pupa which is dropped
18 days after hatching of the female tsetse fly. The female mates only
once in its life time and the sperm from the male is kept in the
spermatheca in the female and it remains vigble for the whole of the

female flys' lifetime (Ibid).

1.4.3.2 Tsetse Fly Host Location Behaviour

Information on insect behaviour is needed in order to improve baits
currently being used for surveying and for controlling insect populations
(Vale, 1993). The most important aspect of tsetse fly behaviour relates to

host location. It is the host location series of stimuli that are used to
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attract and trap tsetse flies in traps, fly rounds (Man, black screen and
ox), and targets (Vale, 1974a; Flint, 1985). In trypanosomosis
epidemiology, it is also the tsetse fly feeding behaviour which eventually
leads to sucking of blood, an act which may result in effecting
transmission of trypanosomes and the subsequent infeption of the host

to cause trypanosomosis .

When tsetse flies are looking for a host, they use various sensory
perceptions (FAO, 1992). For a long time, it was thought tilat visual
perception was the most important mode of perce.ption involving the
discirnment of colour, contrast with the environment, and movement
(Green, 1994). The fore-mentiened concept was despite the fact that
early work had indicated that odour was anoth;r important factor in the
ability of the tsetse flies in locating their mammalian hosts (Persoons,
1966; Langridge, 1960; Hughes, 1957 a & b; Vanderplank, 1944; Bax,
1937, Lloyd, 1935; Chorley, 1933). It was not ﬁrftil recently that the use

of certain odours was developed and utilised for tsetse fly control and

research purposes (Vale, 1974a, 1993 &1998).

> A significant advancement in the use of baits came with the introduction
of electric nets for sampling tsetse flies in the absence of man (Vale,
1974a. These experimental designs allowed an assessment of the extent

of olfactory attractions of tsetse flies to odours. It is now known that the
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odour from hosts can act on the flies in several ways: 1) Carbon dioxide
stimulates tsetse to fly and start searching for the host; 2) acetone and
octenol induces tsetse fly flight towards the host; 3) 3-n-propyl phenol
and 4-methyl phenol promote entry of tsetse flies into traps (FAO, 1992).
Tsetse flies generally fly upwind towards the odour source when they
detect an attractive odour (Vale & Hargrove, 1979; Brady & Griffiths,
1993; Groenendijk, 1996). When they lose the scent in flight, they turn
sharply, and may settle and re-assess the wind direcﬁon before flying
upwind again (Groenendijk, 1996). Tsetse flies can actually asses the
wind direction whilst in flight (Brady & Griffiths, 1993.). When the tsetse
flies get close to the host, they then begin to use their sight to make the
final approach for landing (FAO, 1992). However, flying upwind to find
the odour source may be difficult u;lder field conZiitions, especially if the
vegetation is dense, and where the wind is constantly changing
directions, under such circumstances the tsetse fly may even lose its
direction (Brady & Griffiths, 1993). Nevertheless, ‘it is now thought that
even if the odour can divert the tsetse flight, it still gives the fly a gobd
chance of finding the host (Groenendijk, 19.96). There is also added
evidence that the tsetse fly may reduce their flight speed and turn more
'frequently when they detect bhigh odour concentrations (Brady &
Griffiths, 1993). It is reported that the range of attraction for the ox
odour is about 90 m down wind, but it may be less for the synthetic baits

(Brady & Griffiths, 1993; FAO, 1992). The range of visual attraction of a
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stationary trap is estimated to be between 15 and 20 meters, but it is
more than that for a moving object (Green, 1986; Green & Flint, 1986;
Flint, 1985). It is also now known that Pthalogen blue (Royal Blue) and
white colours are more attractive from a distance, while black is good for
landing responses (Green & Flint, 1986). Commonly used odour baits are
carbon dioxide, acetone, butanone, 1-octen-3-ol, 3-n-propyl phenol and
4-methyl phenol (Vale & Hall, 1985; Vale et al., 1988ab; Torr, 1989) . The
artificial baits which use coloured cloth and artificial odours are the
pillars of the environmentally more friendly target and trap technology

for tsetse fly control in the field today (Vale et al., 1985; Vale, 1998).

1.4.4. Distribution of Tsetse Flies Over Time and Space

The nature of certain factors whicL limit the d;stribution of the various
species of Glossina is still unknown. However, it is known that the
vegetation, which is locally influenced by the climate and to some extent
the soil, affects the distribution of tsetse fli€s (Jordan, 1986). The
presence of a suitable food source is also essential for the survival of fhe
tsetse flies and therefore, it has an influence on the distribution of tsetse
flies. Because stress is greatest near the limits of the distribution of most
plant and animal species, it follows that any type of activity directed
towards controlling any species is most likely to be successful in

marginal habitat conditions and that the chance of success decline as

you approach the optimal habitat conditions (Jordan, 1986). Attempts to
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control or to locally eradicate any species basically adds a certain degree
of stress which is already presented to that species by the local

environment (Vale et al, 1986, 1988a).

Understanding of the relationship between the vegetation types and the
seasonal tsetse fly density is very crucial in our attempt to control tsetse
fly populations, and subsequently to help break the trypanosome
transmission cycle. Good knowledge on tsetse fly ecology, can help to
identify the vital intervention points which can be exploited to induce
certain stress factors that can lead to decline in tsetse fly populations

(Hargrove, 1981b; Glasgow, 1963).

1.4.5. Tsetse Fly Dispersal and lSaily Displacément

Jackson (1941, 1949) suggested, on the basis of mark-recapture
experiments, that male Glossina morsitans morsitans Westwood were
generally restricted in their movements to “ambits” (restricted habitat)
whose limits they rarely exceeded. Bursell (1970) however, argued that
Jackson’s data and later information on tsetse flies were better explained
on the basis of a model of restricted movement. Rogers (1977) developed
the model quantitatively and extended it to cover other tsetse fly species.
Random movement is sufficient to explain most models of tsetse
movement although in reality, tsetse fly movement is more complex

(Hargrove, 1981a). Mark-recapture studies indicate that there are
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important age-dependent changes in tsetse fly availability as observed
using almost all known sampling techniques (Hargrove, 1981a). While
complex models are important in understanding vector ecology, simple
measurement on how far tsetse flies move within their .habitat and their
turn over rate in a given population within a $pecified habitat, is useful
information for efficient tsetse fly control and assessing its vectorial

potential for trypanosomes.

1.4.6. Tsetse Fly Population Composition

Populations of animals are affected by both de?sity dependent and
density independent mortalities (Rogers, 1979; Hargrove, 1991). Whilst
the average of the sum total .of both sorts of mortality determine mean
population size, only density de;:endent mortglities regulate abundance
about that mean level. Tsetse fly mortality rate is therefore, higher than
average when populations are higher than average and vice versa
(Rogers, 1979). The obvious effects of weathér on tsetse fly suryival
demonstrates the importance of abiotic mortalities. The effects of
temperature and saturation deficit are not clearly linked to the tsetse fly

abundance and distribution while light intensity has a considerable

effect on its abundance as obs;erved by Harley (1965).

These factors have an effect on the longevity of tsetse flies such that

female tsetse flies survive twice longer than male tsetse flies hence the
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natural population of tsetse flies has twice as many females as males
(FAO, 1992). It is observed that 67% of the tsetse population is
comprised of females flies while the rest are males. In studying
population composition of tsetse flies, it becomes important to explain
sample composition in light of the expected ratios of males and females

in natural populations (Hargrove, 1991).

1.4.7 Tsetse-Trypanosomosis Interface

The disease trypanosomosis is caused by various épecies of
Trypanosoma, a genus of parasitic protozoa foungl in the blood and
tissues of their hosts. There are many species of Trypanosoma found in a
wide range of vertebrate species throughout the world, some of them
causing disease while some tend ﬁto be harmle;s (Urquhart et al 1996,
Jordan, 1986; Soulsby, 1986). Trypanosomes are usually transmitted
from one vertebrate host to another by heamatophagous arthropods,
although leeches are also vectors of trypanosomes of fish and
amphibians. In Central and South America thé vampire -bat, Desmondus
rotundus, has been incriminated in the transmission of Trypanosoma
evansi to man and other mammalian hosts (Soulsby, 1986).
Trypanosoma equiperdum is ?:sexually transmitted through coitus in
donkeys and horses. This species is exceptional in that no intermediate

host is involved (Soulsby, 1986). Transplacental transfusion, salivaria,

stercolaria and blood transfusion can also be modes of transmission of



trypanosomosis. The stercolaria mode of transmission is of major
importance in the epidemiology of T. cruzi which causes Chagas disease
in South America. The stercolaria transmission occurs through contact
with infective feaces of the arthropod vector, the reduviid bugs (Soulsby,
1986; Urquhart, et al., 1996). It is also known that transmission can be
effected by carnivores through eating fresh raw trypanosome infected

prey meat (Jordan, 1986; Mulligan, 1970; Ormerod, 1967; Hoare, 1972).

In Africa, most species of Trypanosoma are biologicallyfranswmitted from
one vertebrate host to another mainly by tsetse flies (Boyt, 1980). The
normal vertebrate host of these trypanosomes are the large wild
mammals of Africa which, unless stressed, generally do not suffer any
pathogenic effects of the trypanosomes (Mullai&; Rickman, 1988). Some
of these animals can harbour trypanosome infections for very long
periods of time, perhaps indefinitely, and generally act as reservoir hosts
from which tsetse flies can acquire infections (Mulla & Rickman, 1988).
Once infected, tsetse flies themselves become reservoirs of the parasites
as trypanosomes undergo cycles of development within the fly. Any fly
with the infective forms of trypanosomes (metacyclics) has the potential
to infect any animal from whiéh it will subsequently take a blood meal.
This transmission of trypanosomes between wild animals and tsetse flies

is of no practical economic significance until man or his domestic

animals, which are usually susceptible to the pathogenic effects of
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trypanosomes, intrude into the cycle and become hosts of the parasites
(Jordan, 1986; Mulligan, 1970; Nash, 1969; Buxton, 1955). Sleeping
sickness in man and nagana or surra in domestic animals which are as a
result of trypanosome infections, can be fatal unless treated or revert to

chronic manifestation which is a cause of insidious production losses.

All those Trypanosoma species which undergo a cycle of development in
the tsetse fly belong to the Salivaria group of the family
Trypanosomatidae and in the order Kinetoplastida (Soulsby, 19q86). There
are four subgenera of salivarian trypanosomes .narn‘ely Duttonella,
Nannomonas, Trypanozoon and Pcynomonas. The subgenus Duttonella
contains T. vivax and T. uniforme and they aré both reported to develop
in the proboscis of tsetse flies (FAO, 1980). The siubgenus Nannomonas is
composed of T. congolense and T. simiae which are said to develop in the
proboscis and midgut (FAO, 1980). The subgenus Trypanozoon has
three sub-species, T. brucei brucei, T. b. gambien§e and T. b. rhodesiense
(FAO, 1980). The Trypanozoon subgenus is said to develop in the
proboscis, midgut and salivary glands (FAO, 1980). The subgenus
Pycnomonas which contains only T. suis, is of limited distribution and
importance (Jordan, 1986). It Jdevelops in the mid-gut,‘ proboscis and

salivary glands (FAO, 1980).



It 1s generally documented that the most common trypanosome in
livestock is T. congolense followed by T. vivax while T. brucei is rare
(Lubinga, 1996). However, it is reported that the ‘most common
trypanosome in tsetse flies, is T. vivax followed by T. co‘ngolense while T.
brucei is again rare (Bealby et al, 1996). Since the major source of
infection in mammals are tsetse flies, then the tsetse fly and cattle
infections require more investigation. The use of different diagnostic
techniques which employed parasitological, Polymerase Chain Reaction
(PCR), antigen-ELISA and Woo method on given samples of bovine blood
from cattle in Petauke district of Zambia, revealed infection ratio of T
congolense: T. vivax: T. brucei of approximately 1:1:; in cattle (Lubinga,
1996). It will be interesting the:;efore, to investigate the infection rates in
different tsetse flies using more sensitive technicfues in order to establish

the actual infection types and their distribution in the tsetse fly

proboscis, midgut and/or salivary glands.

1.5. Glossina brevipalpis Newstead

Increasing land pressure in the tsetse fly infested areas is leading to

more utilization of the forest lands for livestock grazing (Jordan, 1979).

This inevitably promotes the ‘contact between livestock and forest
'dwelling tsetse flies such as Glossina brevipalpis (Kiragu et al., 1997).

The importance of G. brevipalpis in the epidemiology of African

trypanosomosis has been ignored as it is reflected in the limited
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literature (FAO, 1992; Nash, 1969; Bealby et al., 1996). The out breaks of
trypanosomosis in the Zululand of the Republic of South Africa and
elsewhere especially in Kibwezi, Kenya, where G. brevipalpis is implicated
has brought about a revived interest to an old problem of man and
livestock coming in contact with tsetse fly populations (Kiragu et al,
1997; Kappmeirre, 1997). In natural populations of G. brevipalpis,
trypanosome infection rates of up to 3.5 % have been recorded (Harley,

1967; Kiragu et al., 1997).

Glossina brevipalpis is a crepascular tsetse fly; it is most active very early
in the morning and very late in the afternoon (FAO, 1980). It is also the
only tsetse fly that has a 24 hours diel activity (Harley, 1965). Glossina
brevipalpis has been observed to sit and wait along animal routes unlike
the other tsetse flies which follow the animal hosts (Harley, 1965;
Swynnerton, 1936). In flight, it produces a distinct drowning sound

which is peculiar only to this tsetse fly species (FAO, 1980).

Recently, efforts have been stepped up to try and understand the ecology
of G. brevipalpis as a vector of animal trypanosomes. The work of Kiragu
et al., (1997) and Kappmeirre (1997) have highlighted the importance of

G. brevipalpis as a vector of trypanosomosis in areas where this species

of tsetse flies has come into contact with man and livestock. In this study
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efforts have been made to further highlight the ecology of G. brevipalpis

and its trypanosome vectorial capacity.

1.6. Trypanosomosis Control Methods.

Trypanosomosis can be controlled by both direct and indirect methods.
The direct methods involve a direct attack on the trypanosomes while the
indirect methods involve control of the tsetse fly vector and the
maintenance of trypanotolerant livestock (Jordan, 1979). The above

trypanosomosis control methods are further discussed below.

1.6.1. Chemotherapy

Trypanocidal drugs are in wide spread use in Africa both in traditional
livestock systems and under ranching conditions (Williams et al., 1993).
In both situations, regularization of drug regimes would result in
reduction of the risk of development of resistance to the relatively limited
range of drugs (Boyt, 1980). Drugs do not presefit the fipal answer to the
trypanosomosis problem, but their judicious use can reduce the disease
to manageable levels which can allow land development, including the
destruction of the tsetse fly habitat, to take place (Jordan, 1979 & 1987).
In both East and West Africa, Leef production can be maintained under
drug protection even under high tsetse:fly challenge (Bylis et al.,, 1994;

Williams et al, 1993). The key is good nutrition and close attention to

animal health and drug regimes. Because of the ensuring such



22

conditions that is good nutrition and good veterinary attention, however,
ranches are often not economically viable (Williams et al, 1993). The
strategic use of drugs, undergood veterinary supervision and
management, can similarly enable oxen to survive and work in areas of
high trypanosomosis challenge. In areas of low tsetse fly challenge, there
is much evidence, that even the supposedly trypanosomosis susceptible
breeds like Zebu can tolerate the local strains of trypanosomes, if initially

they are protected by drugs (Williams et al., 1993).

1.6.2. Trypanotolerance .
Many wild hosts of trypanosomes are innately resistant to the pathogenic
effects of infection (Mulla & Rickman, 1988). Among cattle, Bos taurus
breeds are more tolerant than Bos indicus, whil; European breeds show
no resistance at all (Williams et al.,, 1993). Trypanotolerant cattle such as
Mturu and N'dama could be more widely used, but the Bos taurus only
forms 5% of the estimated 147 million cattle in areas affected by tsetse
flies (ILRAD, 1993). At present breeding rates, it would take 15 years to
double the N’dama. Perhaps we should first ask why, after 7,000 years
N’dama are still so rare among cattle herds of Africa? |

4
1.6.3. Tsetse Fly Control Methods

Several methods of tsetse fly control have been used in the past and at

present, some of these are discussed below.
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1.6.3.1. Game or Host Elimination

The earliest methods used to control tsetse flies involved eliminating
game animals (wild hosts of tsetse flies) (Buxton, 1955). The rinderpest
panzootic of 1895 was followed by the disappearance of tsetse flies from
the Limpopo and Zambezi basins except for a few,: small, widely
separated foci showing that the elimination of wild hosts would effectively
eliminate tsetse flies (Vale & Cumming, 1976). This method was applied
judiciously with some success but also to the detriment of tine wild life
resource. Tsetse flies also changed their host pref.erenc'es to the only
sufviving species of mammals, birds and reptiles (Vale & Cumming,

1976). ]

1.6.3.2. Bush Clearing or Habitat Destruction
Tsetse fly habitat is removed by making the vegetation more open
(Buxton, 1955; Nash, 1969). This method also involves the destruction of
valuable resources. In fact bush clearing may even lead to soil erosion
due to the removed vegetation cover and the heavy machinery used to
clear the land (Jordan, 1986).

»
1.6.3.3. Sterile Insect Techniques (SIT)
Tsetse flies are reared in laboratories and radiation is used to sterilise

males which are then released (Curtis & Langley, 1972; Jordan & Curtis,
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1972). Since females only mate once, this effectively produces sterility in
the females that mate with sterilised males. Although the technique has
been shown to work, it is only economically viable if complete eradication
can be assured (Williamson et al, 1983). It also leads to an increase in
the incidence of trypanosomosis in the short run by increasing the
population of tsetse flies hence increasing the density and activity of the
vectors of the disease which translates into more disease. (Jordé.ﬁ,

1986).

1.6.3.4. Control of Tsetse Flies by Use of Insectigides

The control of tsetse flies using insecticides started in the late 1940s
after the discovery of DDT (Du Toit, 1954). Ever since that time, control
of trypanosomosis has relied hea\:ily on the co;ltrol of the tsetse fly vector
by the use of insecticides using several techniques. The commonly used
insecticides in Zambia today are synthetic pyrethroids especially Delta

methyrin and a-cyper methrin. ¥

1.6.3.4.1. Ground Spraying

This method involves the spraying of insecticide to the tsetse fly habitat.
Endosulphan and DDT have b;en used successfully to control tsetse flies
in many parts of Africa (Du Toit, 1954; Jordan, 1986). T his method is no
longer used due to the deleteridus effects the chemiqals have on the

enviroment which include the following lange scale contamination of the
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enviroment and the accumulation of the chemical in the high order
carnivores and birds of prey, because the chemicals are not bio-

degradable (SEMG, 1993).

1.6.3.4.2. Aerial Spraying
This method involves the spraying of insecticide to the tsetse fly habitat

from the air in small droplets (30 pm) (Allsop & Coutts, 1977). Fixed wing

aeroplanes and helicopters are used. Several sprays are made to the
tsetse fly habitat up to five times and the interval of spray is dependent
on the inter-larval period (FAO, 1980). It is a very effective method of
tsetse control, however, it is very expensive.
1.6.3.4.3. Cattle Dipping or P01;r-0n

Cattle can be used as live "targets’ with insecticides applied on them
either by dipping, pour-on or spraying (Dransfield et al, 1991). Where a
dipping infrastructure exits, this method may be cheap, but to effectively
reduce tsetse fly densities, the cattle population densities musf be
reasonably high and fairly evenly distributed in the tsetse fly habitat

(Dransfield et al., 1991).

1.6.6.4.4. Traps and Targets
Our inability to sustain long-term control in most areas using spraying

operations, combined with the concern about polluting the environment
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with insecticides, led, in the 1970s, to a revival of interest in traps
(Jordan, 1986). Killing a small percentage of the adult flies over a
sustained period is an effective control strategy largely because of the low
reproductive rates of tsetse flies (Williams et al., 1993; Vale et al., 1985).
The area over which control needs to be maintained in order to be

effective depends on the movement patterns of the tsetse flies.

The biconical trap was the first of many new designs of traps made from
blue and black cloth (Williams et al., 1993). The use of host odours such
acetone, various phenols found in cow urine and‘ octenol that attract
tsetse flies increases the efficiency of traps by over thirty times (Vale,
1993; Williams et al, 1993 ; Green, 1994). Recent efforts have
concetrated on retaining the efleciency whileﬁ reducing the cost, and

simplifying the design so that they can be constructed in rural areas

(Williams et al.,, 1993).

Targets are sheets of cloth, usually black or blue, sometimes with netting
attached, which are impregnated with insecticides (Vale, et al., 1988a).
They are baited with odours used in traps. Targets are simpler and
cheaper than traps and can bé‘i more effective for some species (Williams

et al.,, 1993).
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1.7. Study Area

1.7.1. Location

Our field studies were carried out in the Luangwa Valley of Zambia at
Kakumbi Research Station (13° 34’S, 31° 46’E and altitude 550m). The
experiments were done within 15 km radius from the research station.
The research station is located in the Game Management Area (GMA),
while the research sites were in the South Luangwa National Park (map 5
in Annex 2) in undisturbed natural habitat where tsetse flies had no

shortage of animal hosts.

1.7.2. Climate

The research station is found -in sRegion I of tPe Zambia agro-climatic
Zones. It has the typical Region I climatic conditions of rainfall 700-800
mm per annum with high chances of long dry spells in the rainy season

and temperature ranges of 17 - 42°C during the year.

1.7.3. Vegetation

The vegetation is deciduous Savannah wood 'land. The main woodland

type is Mopane woodland with Colospermum mopane as the main tree
’typé. Other vegetation types ”.are riverine vegetation with Diospyros

mespiliformis as the major tree type. -Thiékets of mainly Combretum spp.

- are also common. Open dambos are widely spread throughout the area.
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1.7.4. Landuse and Other Economic Activities of the Luangwa Valley
The area near the main gate to the South Luangwa National Park is
heavily settled by people while the rest of the Luangwa valley is sparsely
populated. Most people engage in subsistence agriculture while others
work in the nearby government departments, lodges and tourist camps.
The small scale farmers grow sorghum, maize and cotton. There are very
few domestic animals which are mainly goats, pigs and chickens. Eco-
tourism is the major commercial activity of the area. The national park is
very rich in fauna especially large ungulates. The most com%non animals
include, impala, puku, zebra, water buck, elephapt, bush‘buck, kudu,
buffalo, common duiker, hippo, wildebeest, giant elanci, sable antelope,
roan antelope, giraffe, lion, leopard, yellow baboon, civet, velvet monkey
and other smaller mammals aI:.d reptiles li];e crocodiles and monitor

lizard are also common. Other common mammals are warthog, bush pig,

reed buck, grysbok, wilddog, hyena and hare.

1.8. Structure of the Thesis

The research work presented in this thesis is mainly on Glossina
brevipalpis. The subjects under study on this fly were diverse and hence
to cover and represent the res;aarch protocols and the findings more
clearly, it was necessary to separate each aspec;t of the study hence each

chapter deals with a specific subject reflected in the objectives.
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CHAPTER 2

Sampling Methods for Glossina brevipalpis Newstead and

Other Tsetse Flies (Diptera: Glossinidae)

2.1. Introduction

Most of the available information on the biology and control of tsetse flies
(Diptera: Glossinidae) has been produced through the study qf only a few
tsetse fly species in each of the Morsitans and Palpalis groups (Challier
& Laveissierre, 1973; Brightwell et al., 1991; Vale,»1993). We therefore,
have very little information that is directly relevant to other species such
as G. brevipalpis Newstead and G. longipennis Corti which belong to the
Fusca group. The situation arose because it is generally believed that the
Fusca group played only a minor role in the transmission of bovine
trypanosomosis. However, recent outbreaks of the disease among cattle
in KwaZulu/Natal, South Africa have suggested ihat G. brevipalpis could

be an important vector (Kappmeire, 1997).

The paucity of information on’?the Fusca group has since started to be
redressed in the last decade, with studies of G. longipennis in Kenya
(Brightwell et al., 1991; Kyorku, et al,, 1990) and G. brevipalpis in South
Africa (Kappmeier, 1997; Nevill et al, 1993). Despite the fact that G.

brevipalpis occurs in Zambia, little has been done to study this species
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because the fly has seldom been caught by the sampling methods which
are developed for catching G. morsitans morsitans Westwood, G. m.
centralis Muchado, and G. pallidipes Austen. As a prelude to studying G.
brevipalpis in Zambia it was considered necessary to first of all find

appropriate and effective methods that can give large catches of the fly.

This study was an attempt to identify satisfactory means of sampling G.
brevipalpis by comparing the catches of various sampling devices and
techniques in an area of Zambia where previously this speéies had been
found only occasionally among the large catches 9f G. m. morsitans and
G. pallidipes. Annex 3 shows some of the sampling systems used in the
study. These are epsilon trap, F3 trap, biconical trap, NGU2G trap and

= *

artificial refuge.

2.2. Study Site

This study was performed in two blocks of riparian woodland. On¢ was
two square kilometers and the other was three'square kilometers and are
both adjacent to the Luangwa river and its ox-bow lakes; a distance of
about 15 kilometers to the west of Kakumbi Research Station. The
woodland had a sparse unde;growth of bushes with a nearly continuous
canopy provided by large semi-evergreen trees. The dominant trees were
Diospyros mespiliformis Hochst (Ebenaceae) and Acacia albida Delile

(Mimosoideae). Other tree species included Ficus sycomorus L.
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(Moraceae), Combretum microphyllum Klotzch (Combretaceae) and
Trichilia emetica Vahl (Meliaceae). Various wild animals, including
buffalo, hippopotamus, elephant, warthog and bush buck were abundant
at both these study sites. The riparian woodland area gets flooded from
January to April and becomes cool and dry from May to August and then
very hot and dry from September to November. The daily maximum

temperatures can go up to 42°C in the shade during the hot dry season.

2.3. Materials and Methods
2.3.1. Experimental Design. .
Comparisons between baits employed a Latin square design of baits by
sites by days, or using randomised blocks in which each bait was
operated at a particular site for one day in each of a group of adjacent
days. All fly rounds and traps were used with odour attractants
according to the method employed by Torr (1990.). The odours used
consisted of acetone or butanone released at 200-500 mg/h from an
open bottle, and a 1:4:8 mixture of 3-n-propyl phenol: 1-octen-3-ol : 4-
methyl phenol released at a total of one to two mg/h from a polyethylene
sachet. The dispensers were carried by men during thé Man Fly Round
(MFR) or fixed to the screen ;)n the Black screen Fly Round (BFR) or
placed on the ground 20 cm downwind of the traps. Most catches at

certain baits and times were too small for the analysis of variance to be

done and hence the results were presented as totals, with chi-squared



.

32

tests for the homogeneity of the sex and species composition of catches.
When the term “significant” is used it implies significance at the 0.05%

level of probability.

2.3.2. Fly Rounds.

A path of 1500 m long, describing a roughly oval shape, was cut through
the two kilometer square block of woodland. Stop-marks were made on
the path at 100 m intervals. The first fly rounds were carried out early in
the morning between 05.00 and 08.00 h and then between 16.30 and
18.30 h in the evenings. Epsilon traps were used in the experiment as
controls and were set at 500 m intervals along the fIy round route. The
traps were operated for twelve hours of day light and were emptied every
morning at 08.00 h. For the MﬂFR,* two men walked along the foot path
and stopped for two minutes to catch tsetse flies on every 100 m mark.
The BFR was the same as the MFR except that the men carried a pole
between them from which a vertical screen of black cotton cloth, 120 cm
long and 90 cm wide was suspended. At each stop-mark on each fly
round, the men used hand nets to catch flies found on men and the

screen, as well as on nearby ground and vegetation. This study was

carried out in the hot dry season (August to December).
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2.3.3. Traps.

Epsilon, NGU2G, F3 and biconical traps were used. Each trap was
operated individually for twelve hours of the day light ét sites that were
about 200 m apart. The sites were cleared of grass and shrubs within

four meters, and had no bushes closer than four meters.

2.3.4. Traps and Electric Screens

Prompted by the experience with other tsetse species (Vale, 1993), it was
suspected that the failure of traps to catch many G. brevipalpis was not
only due to the traps attracting few flies, but rather due to the failure of
the traps to catch many of the flies that may have .arrived near them.

This investigation was further carried out between August and

September of 1997 by using Epsilon traps with electric nets.

2.3.5. Fly-rounds with Electric Nets

Given the fact that trap catches are reported to severely underestimate
the attractiveness of the traps (Vale, 1998), it was expected that the
catches on the fly rounds could also underestimate the attraction of
tsetse flies to moving objects. This problem was investigated in the

period September to October of 1997 by fixing an electric net to a pole

carried between two men.
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2.3.6. Odour

Between January 1994 and December 1995 each of the four types of
traps were used for 20 days with each of the six odour treatments
consisting of no odour, acetone alone at 150, 300, 700 and 3000 mg/h,
and the combination of 3000 mg/h of acetone with the ;standard mixture
of 1-octen-3-ol and phenols. Another experiment was also performed to
see whether tsetse fly catches would improve with greater doses of odour
and with butanone being used instead of acetone. During the rainy
season (December 1994 to March 1995), cool dry season (April to July
1995) and hot dry season (August to November 1995) an Eésilon trap
was operated for 25 days with each of 18 odour treatments consisting of
no ketone, or acetone or butanone at 150, 3000, 12000 and 25000
mg/h, all with and without the standard mixture of 1l-octen-3-ol and

= ®

phenols

2.3.7. Refuges

In order to evaluate their tsetse fly trapping efﬁéacy of artificial refuges
(Vale, 1971) were placed in dense shade with their entrances facing
south or north, in order to avoid direct sunlight penetrating the interior.
Each refuge was operated individually at sites about 200 to 300 m apart.
At each inspection time of the: refuge, the flies inside were caught by
placing a cone of netting over the entrance and disturbing the flies with a

stick until the tsetse flies flew into the cone where they were trapped in a
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clear-glass bottle with a non-return baffle. The cone was then removed to

allow more flies to enter the refuge.

2.3.7.1. Preliminary Study

A preliminary study was run for 16 days in October and November of
1993 using two box refuges, each consisting of an open-énded 200 litre
metal drum painted black inside and insulated with‘ earth (soil) and
shaded by a grass thatched box measuring 80 x 80 x 120 cm. The aim of
this experiment was to test the artificial refuges as a sampling system for

tsetse flies.

2.3.7.2. Seasonal Use of Refuges
The two box refuges were emptied at 13:00 hours on eight to ten days of
each month between July 1996 and June 1998. The data obtained for

these study years were combined to obtain an average -daily catch for

each calendar month.

2.3.7.3. Diurnal Use of Refuges
In October 1997 the two box refuges were emptied at hourly intervals
between 06.00 and 18.00 h to find out the diurnal use of artificial

refuges.
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Several experiments were performed to elucidate the pfinciples of refuge
design and to determine whether modification to the box refuge (Annex
3e) would improve its cost-effectiveness. Effects of insulation, shade,
volume and colour inside of a refuge were tested in experiments which
compared their effectiveness with or without them. The experiments ran
concurrently for 32 days between 24th September and 4th November,

1997.

2.3.7.5. Refuges as Larviposition Sites ' -

To investigate the role of refuges as larval deposition sites, experiments
where some refuges were provided with gray metallic trays 85 cm long,
55 c¢cm wide and 10 cm deep, filled with river sand were employed. The
sand consisted of white grains about one to two millimeter in diameter,

and it was provided with a 50% cover of leaf litter. The trays were placed

on the ground, in the darkest part of the interior of the refuges and were

inspected weekly to check for Pupae.

2.4. Results
#2.4.1. Fly-Rounds
A total of 147 trap days, 100 BFR and 88 MFR were run. The highest

catch for tsetse flies irrespective of species was 1616 and only 9 (0.6%)
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were G. brevipalpis, 1088 (67.3%) were G. pallidipes and 519 (32.1%)
were G. m. morsitans from epsilon traps (Table 2.1). For 4G. m. morsitans
and G. pallidipes the results (Table 2.1) accord with expéctation (Buxton,
1955) in that the catches of male G. m. morsitans did not differ much
between the MFR and BFR but the proportion of G. pallidipes in the
catches and the proportion of females of both species increased
significantly in the order MFR, BFR and epsilon traps. All G. brevipalpis
were caught from epsilon traps. The null hypothesis of an even
proportional representation of G. brevipalpis in the trap and fly round

catches was rejected at p < 0.01.
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Table 2.1.: Catches using epsilon trap, Man Fly Round (MFR) and Black

screen Fly Round (BFR) in the hot dry season.

Tsetse fly species Epsilon trap (%) MFR (%) BFR (%)
male | female total male female total male | female total

G. m. morsitans 144 375 519 750 48 (6.0) 798 666 124 790
(27.8 | (72.2) [32.1] (94.0) [97.3] ‘ (84.3 | (15.7) [92.9]
) )

| G. pallidipes 273 815 1088 14 8 (35.4) 22 30 31(50.8) | 61][7.2]

(25.1 | (74.9) [74.9] (63.6) [2.7] (49.2
) )

G. brevipalpis 6 3 9 0 0 - 0 0 -
(66.7 | (33.3) [0.6]
\ .

Sampling  system | 423 1193 1616 764 56 820 696 155 851

total -

Note: ( ) species/sex/method percentage

[ ] species/method percentaée
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2.4.2. Traps

Since results from the above work suggested that traps seem to offer a
better means of sampling G. brevipalpis, studies were made to find out
whether catches could be improved by using different tsetse fly traps
(epsilon, NGU-2G, F3 and biconical). However, a total number of 33 (12
males and 21 females) of G. brevipalpis were captured frbm the traps in
comparison to 782 (234 males and 548 female) G. m morsitans and
10,226 (3,082 male and 7,144 female) G. pallidipes during all the three
seasons of 1997. Due to the small number of G. brevipalpis by each trap
(33 compared with 10226 for G. pallidipes) it becomes unnec;essary to

proceed with further analysis of the results. .

2.4.3. Traps with Electric Nets . .

The catch for G. brevipalpis using traps alone was only 0.7% (2 flies) of
the total catch but when an electric screen was placed besides the trap,
the numbers of G. brevipalpis caught by the electric net increased (162),
the proportion increased from 0.7 to 19.9%. The ;esults from traps with

electric nets (Table 2.2) confirm that traps attract many G. brevipalpis

but fail to capture them efficiently.
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Table 2.2.: Tsetse flies catches of epsilon trap alone and epsilon trap with

an electric net besides.

Treatmen | Catch G. brevipalpis | G. pallidipes | G. m.
t distribution (%) (%) morsitdns

(%)
Trap 2 (0.7) 124 (45.1) 149 (54.2)
alone
Trap plus | Trap 0 (0.0) 90 (43.3) 118 (56.7)
electric Electric net 162 (19.9) 223 (27.4) 430 (52.8)
net

2.4.4. Fly-Rounds with Electric Nets

Table 2.3.: Capture efficiency of fly rounds to tsgtse flies attracted.

Tsetse fly catches (%)
Bait G. brevipalpis G. pallidipes G. m. morsitans
Electric screen 65 (9.1%) 46 (6.4%) 606 (84.5%)
BFR 15 (6.4%) S (2.1%) 213 (93.6)%
MFR 14 (9.3%) 2 (1.3%) - 134 (89.33%)

The proportion of G. brevipalpis attracted by the three methods of

#® capturing was stable though the numbers of tsetse flies caught were

higher using the electric screen fly rounds (Table 2.3). This indicates that
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the MFR and the BFR underestimate the numbers of tsetse flies attracted

for all three species.

2.4.5. Odours

The results of all the odour experiments were pooled to bring out the
huge descripancy in the catches especially for G. brevipalpis. The total
catches of G. m. morsitans and G. pallidipes were 42 (0.67%) and 6217
(99.11%) respectively. Only 14 (0.22%) (four males and ten females) of G.
brevipalpis were captured, indicating that change in the odou;‘ used did
not improve the attractiveness of traps for G. brevipalpis as was seen and

reported elsewhere for G. pallidipes (Torr, 1990).

o

= ®

Despite the poor catches of G. brevipalpis, pooled results for all the
experiments on odour and all the trap types. were consistent with the
expectation that odour attraction can improve catches for certain tsetse
fly species. The average catches per 100 trap éays were 0.08 with no
odour, 0.16 with ketone alone, and 0.38 with the combination of ketone,

1-octen-3-0l and phenols.



42

2.4.6. Refuges

2.4.6.1. Preliminary Study

When refuges were tested for the first time in 1993, the catches of G. m.
morsitans and G. pallidipes were 59 and 63, respectively. The catch of G.
brevipalpis was 53, (27 males and 26 females) representing a remarkably
high proportion on the overall catches. It seemed that refuges offered a
promising method of sampling G. brevipalpis, so prompting more

research.

2.4.6.2. Seasonal Use of Refuges

The total catches in the study were 1046 G. brevipalpis, consisting of 580
males and 496 females. For G. m. morsitans and G pallidipes the
catches were 2100 and 1802: respectively, and they followed the
seasonal pattern evident for G. brevipalpis. Catches depended markedly
on the daily maximum shade temperature, as measured in a Stevenson
screen (Figure I). No G. brevipalpis were caught \i\/hen- the temperature
was less than 32°C , but catches rose rapidly.as temperature increased
above that level and vice-versa (correlation coefficient r=0.92). Hence,
the catches were high in the hot dry weather of August to December,
with a peak in October. There was a small shallow peak in the warm wet

#Bcriod of April and May.
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2.4.6.3. Diurnal Use of Refuges

A total of 91 (47 males and 44 females) of G. brevipalpis were caught.
The flies started entering the refuges from about 08.00 h to 09.00 h
(Figure II) and continued to enter in a seemingly steady stream until
about 16.00 h. The catches of 414 G. m. morsitans and 793 G. pallidipes
showed a distinctive pattern consistent with a steady rise in entry rates
until mid-day and a sharp drop during the aft;f:rnoon. The proportion of
G. brevipalpis in the total catch of tsetse flies was significantly reduced
between 10.00 h and 14.00 h, compared to catches in either the four

hours before or the four after. -
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2.4.6.4. Design of Refuges

The results of this experiment are shown in table 2.4. In the first
experiment the insulation and/or shade of the drum was removed. The
total catch was reduced by 80% and 78% by removing shade and
insulation respectively from refuges. Removal of both shade and
insulation reduced catch by 99%. This showed that the insulation and
the shade were essential. For the second experiment, insulation and
shade were replaced but the drums had either white or the standard
black paint on the interior of the drum. The catch dropped b}; 84% when
the artificial refuge was painted white. The black’ painfed refuge was
several times more efficient than the white painted refuge. In the final
experiment, the drum was black, but various reductions were made to its
size, resulting in a sharp decrea;e in catches? The reduction of volume
resulted in 79% and 100% in the tsetse fly catch for the 50% and 75%
reduction in the volume respectively. The results confirm that standard
box refuge is optimal for G. m. morsitans and G. pallidipes and the result
is comparable with that of Vale (1971) working in Zimbabwe and suggest

that it is also optimal for G. brevipalpis.
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Table 2.4.: Total catches of tsetse flies in various modified box refuges.

|

Modification | G. G. pallidipes G. m. morsitans Totals

] brevipalpis
male | female | male female male female

Experiment 1: Catches with and without insulation and shade

+ insulation | 4 38 3 16 21 11 93

+ shade (4.3) (40.9) |(3.2) (17.2) (22.6) (11.8) [71.5)

+ insulation | 1 10 3 2 2 1 19

- shade (5.3) (52.6) | (15.8) (10.5) (5.3) (5.3) [14.6]

- insulation | O 7 0 6 4 O 37

+ shade (-) 41.2) |(-) (32.3) (23.5) (-) [13.1]

- insulation | 1 0 0 0 0 = 0 1

- shade (100) | (-) £~) (-) A=) =) (0.8]

Experiment 2, with different colours inside the :

drum

Black 91 105 14 (3.0) 70 (14.9) 25 (5.3) 166 (32.2) 471,
(19.3) | (22.3) [86.1]

White 10 3 (4.0) | 8 (10.5) 23 (30.3) 42 (2.6) 30 (36.5) 76
(13.1) [13.9]

Experiment 3, with different sizes of drum

200 lit 74 32 1(1.6) 6 (9.5) 8 (12.7) 9 (14.3) 63 [84]
(11.1) | (50.8)

100 lit 0 (-)|10 0(-)” 0(-) 0(-) 2 (16.7) 12 [16]

(83.3)
S0 lit O(-1310¢x]. [B(s] -l 04 QL) O
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2.4.6.5. Larval Deposition in Refuges
In a total of 16 weeks between September to mid-December 1997 only 30

Pupae were collected. All the pupae were for G. m. morsitans.

2.5. Discussion

Although the diurnal pattern of refuge entry of G. brevipalpis may differ
slightly from that for G. m. morsitans and G. pallidipes(figure 1I), it was
observed from the studies of seasonal occupation and refug(; design that
the three species respond to refuges in much the same way; each species

has a response threshold of about 32°C (figure I) and each accumulates

most in dark, capacious refuges that are shaded and insulated. Refuges
offer a powerful means of sampling all three species but it is unfortunate
that the temperature threshold is so high for the tsetse flies to enter,
hence effectively limiting the usefulness of refuges to about three months
in the hottest season, even at a generally v?zarm place such as the

Luangwa Valley. Moreover, as with G. pallidipes (Vale, 1971), refuges are

poor means of studying the larval deposition of G. brevipalpis.

For most of the year it is necessary to sample with baits other than
refuges, but the standard fly rounds and traps give inadequate catches of
G. brevipalpis, even with the use of odours that seem to increase catches

several times for other tsetse fly species. However, the results with the



49

electric nets show that there is nothing fundamentally wrong with the
mobile and stationary baits as attractants. Instead, the problem is that
the hand-nets and trapping mechanisms catch only a very small
proportion of the many G. brevipalpis attracted. In this regard, G.
brevipalpis seems qualitatively similar to G. m. morsitans and G.
pallidipes (Vale, 1974b), but quantitatively  distinct in that the
inefficiencies of capture are in an order of magnitude greater with G.

brevipalpis.

For the time being, electric sampling devices must.be the mainstay of
sampling methods for studying the behaviour and ecology of G.
brevipalpis for most of the .year. Such techniques applied to G.
brevipalpis in ways similar to th;se used foriG. m. morsitans and G.
pallidipes (Vale, 1993) are likely to produce an improved trap for research
and surveys, and an effective design of odour-baited target for the control
of G. brevipalpis. The fact that odours added to traps and fly rounds did
not result in large catches of G. brevipalpis does not mean that odours

are ineffective for this species. It is necessary to repeat the work with

catching devices that are more likely to catch the odour attracted flies.

Since G. brevipalpis seems to be much more localised than G. m.
morsitans and G. pallidipes, its control may be relatively easy. However,

there is the associated problem that the researcher could soon catch-out
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the population in the study area if electrocuting devices are used
extensively. These devices kill the flies they c'atch, where as tsetse flies
caught by traps, refuges or hand-nets can be marked and released, so
they do not deplete the population. This emphasizes the neéd to
improve trap efficiency to the point where traps are suitable research
tools. It also emphasizes that G. brevipalpis is the prime candidate for
the first use of the radar tracking device now being developed to study
tsetse behaviour (Riley et al., 1996). Glossina brevipalpis is the largest
tsetse fly and may therefore, be best able to carry a trackable tag.
Moreover, the fact that it occupies limited patchef of w;)odland with a
sparse undergrowth would enhance the convenience aﬁd effectiveness of

radar tracking. .
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CHAPTER 3

The Distribution of Glossina brevipalpis, G. m. morsitans
and G. pallidipes in Three Major Vegétation Types of the

Luangwa Valley

3.1. Introduction

Successful control of tsetse flies (Glossina spp) largely depends on having
an idea of where tsetse flies occur (Vale, 1994). The term distribution is
defined as where creatures occur (Southwood, f980; Andrewertha &
Birch, 1954). In this study, distribution shall be defined in terms of
relative trap catches. Wher; no tsetse flies are caught represents
absence; low catches represent low density and high catches represent
high density. The distribution and abundance of organisms, central
topics in the long-continuing ecological debate about population
regulation (Clark et al., 1967; Dempster, 1983; Hassell, 1985), assume
particular importance in the case of pests and vectors of disease. If the
control of these organisms is to be achieved by scientific rather than
empirical means, it must be .based on a proper understanding of the
natural dynamics of the population under field conditions (Rogers &
Randolph, '1986). Tsetse fly control methods have relied to a larger extent

though crudely, on the distribution of tsetse flies over time and space

(Vale, 1994; Buxton, 1955). In the game elimination method of tsetse fly
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control, wild animals were killed so that tsetse flies would have no food
hence the flies would either starve or move to areas where hosts were
readily available. In ground spraying, the insecticide was deposited on
suitable resting sites in more ideal vegetation types capable of carrying
higher tsetse fly populations (Buxton, 1955). With the advent of the bait
technology, traps and targets are planted in suitable t.setse fly habitats
and ensures the use of higher target densities against high tsetse fly

populations (Vale et al., 1986).

Tsetse fly surveys are usually carried out during those periods in the
year when the tsetse fly population are expected to be high enough,
however, this depends on the tsetse fly species involved (Jordan, 1986).
The distribution of tsetse flies over time and space is therefore a major
factor in understanding the ecology of tsetse flies which in turn, is an
important consideration in tsetse fly control aﬁd"‘survey operations. The
distribution of G. m. morsitans and G. pallidipes has been Well
documented (Vale et al., 1986; Phelps & Vale, 1978; Hargrove, 1981a;
Rogers & Randolph, 1986), but the distribution of G. brevipalpis has
» remained largely unknown (FAO, 1992). The main objective of this study
was therefore, to elucidate the distribution over time (seasons) and space
(vegetation type) of G. brevipalpis relative to G. m. morsitans and G.

pallidipes.
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3.2. Study Sites

The study sites were located in the South Luangwa National Park as
indicated in map 5 {Annex 2 i.e. Luangwawafwa riverine vegetation,
mopane woodland and thicket woodland). The vegetation in the Luangwa
valley can be divided into three major types:
(a) Mopane woodland: This is an open type of woodland. The main tree
species is Colophospermum mopane. Other tree species include
Adansonia digitata and Combretum microphyllum creepers. This area is
very thick during the rainy season (December to March).
(b) Thicket vegetation: This is a d01;ble canopy v;getation type which is
always thick. The top canopy is formed by Combretum appiculatum trees
while the second canopy is formed by Combretum microphyllum creepers.
In some areas, Cordyla africana trees tower over both canopies.
(c) Riverine vegetation: This double canopy vegetation tyﬁe occurs along
the Luangwa river banks and along its lagoons and‘ tributaries. The
major tree species found here is Diospyros mespiliformis which forms the
vt,op canopy. Other tree species are Acacia albida, Trichila emetica, Kigeria

africana and Beuhenia thonningi which form the lower canopy. This

vegetation type is restricted to areas prone to seasonal flooding which
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occurs during the rainy season. It therefore has very little undergrowth

and is almost devoid of grass in the dry season.

3.3. Materials and Methods

In each of the vegetation types, three epsilon traps and one artificial box
refuge were set. The traps were operated for up to 15 days each month
from September 1997 to August 1998. The same sites were maintained
for the whole study period. The traps were set up for 12 hours of day
light and the cages were emptied every day in the morning between 06:00
h and 08:00 h. The tsetse flies were killed by exposure .to direct sunrays
for twenty minutes. The artificial refuges were run from September to
December, 1997. The refuges WC;C checked e\;ery day at 12:00 h. The
flies in refuges were collected using a cone of netting as described in
Chapter 2. All flies collected were categorized into species and sex. The
measure of the relative distribution in the experiment were the average
catch per trap or refuge in each vegetation type. The distribution 6ver
space was measured by comparison of the catch in the different
vegetation types while the distribution over time was deduced from
seasonal trends. The seasons are (i) Hot dry season (August to
November); (ii) Rainy season (Deccmber to March) and (iii) Cool dry

season (April to July).
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3.4. Results

3.4.1.Traps

The highest catches in traps were for G. pallidipes, followed by G. m.
morsitans and least was G. brevipalpis (Tablé 3.1). More female tsetse
(70%) were caught in traps than males (30%). The catch for G. brevipalpis
was generally low in the traps. There was a significant difference in the
catches of G. brevipalpis, G. m. morsitans and G. pallidipes in the three

vegetation types (2 calculated = 18931.22, y2 critical= 18.47 at df=4, p=0.001).
More G. brevipalpis was caught in the riverine vegetation than the
Mopane vegetation (tcalculated=12.92, tcitica=4.44 at df=]1 and p=0.001).
The G. brevipalpis catch in the riverine vegetation was also significantly
higher than the catch in the thick;t vegetationi type (tcalculated=12.67 ,
teriticat=4.44 at df=11 and p=0.001). The total catch wés highest in the
thicket (26995) followed by the mopane (26505) and least was the

riverine (4290). There were significant differences in catches (all species)

between riverine and mopane woodland (tcalculated=3.34, teriticar=3.11 at
df=11 and p=0.01). The catch (all species) in riverine vegetation was also
significantly lower than the thicket vegetation (tcalculated=6.03, teritica=4.44
at df=11 and p=0.001). There was no significant difference between
®ttches (all species) from the mopane and thicket vegetations

(tcalculated=0.05, teritical=2.20 at df=11 and p=005)
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‘or each G. brevipalpis caught, 19, 12686 and 12912 of G. pallidipes
vere caught in the riverine, mopane and thicket vegetations respectively.
or G. m. morsitans, 6, 593 and 585 were caught for each G. brevipalpis
-aptured in riverine, mopane and thicket vegetations res.pectively (Table
3.2). In all vegetation types, the catch of G. brevipalpis was lower than for
'he other species (Table 3.1). There were no significant differences in the
-atch of G. m. morsitans between vegetation types [riverine versus
mopaﬁe (tealcutated=0.94, teritical=2.20 at df=11 and p=0.05); riverine versus
thicket (tcalculatea=0.78, teritica=2.20 at df=11 and p=0.05) and mopane

-

versus thicket (tealculated=0.14, teritica=2.20 at df=11 and p=0.05)].
The catch of G. pallidipes was significantly higher in both thicket
(tcalculated=5.998,  toritca=4.44 at df=11 and p=0.001) - and mopane

(tealcutated=3.35, teriticat=3.11 at df=11 and p=0.01) woodlands relative to the

riverine vegetation but there was no significant diffetence between the G.
pallidipes catch in the thicket and mopane (tcalculated=0.04, teriticat=2.20,

df=11, p=0.05). See Table 3.3.

y the riverine vegetation, where the catch for G. pallidipes was lower
than the other two vegetation types, there was a significant difference

with catch of G. m. morsitans (tealculated=2.69, teritica=2.20, df=11, p=0.05).

See Table 3.3.
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Table 3.1: Summary of annual catches of tsetse flies from traps

Vegetation G. G. pallidipes | G. m. morsitans | Totals
type brevipalpis
Riverine 160 3106 1024 4290
Mopane 2 25317 1186 26505
Thicket 2 25824 1169 26995
Table 3.2: Species ratios in different vegetation types .
Vegetation Relative ratios of distribution/tsetse
type catches T .
Gmm :Gp | Gb: Gp Gb:Gmm | Gb: Gp: Gmm

Riverine 1:3 1:19 1:6 1:19:27
Mopane 1:21 1:12659 | 1:593 | 1 12659

" 593
Thicket 1:22 1:12912 (1 :585 1 12912

585
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Table 3.3: Average epsilon trap catches in each vegetation type per day.

Season Vegetation G. G. G. m.
type brevipalpis pallidipes morsitans
Hot dry Riverine 0.8 37.40 11.54
(Sep-Nov) | Mopane 0.02 79.13 10.98
Thicket 0 136.75 12.54
Rainy Riverine 1.4 13.03 5.00
(Dec-Mar) | Mopane 0.02 266.83 5.96
Thicket 0.02 204.18 '3.51
Cool dry Riverine 1.4 16.82 « ' |6.41
(Apr-Aug) | Mopane 0 128.83 5.48
Thicket 0.02 139.33 6.29

3.4.2. Artificial Refuges

The catches in refuges were highest for G. pallidipes followed by G. m.
morsitans and least was G. brevipalpis (’;able 3.4). During this
experiment, the catches in refuges were generally low in all the
vegetation types. Due to the lower catches, no test of significance was
carried out. Glossina brevipqlpis was only captured in the riverine
vegetation. It was also noted that more G. pallidipes were caught using
artificial refuges in the mopane woodlénd than in any other vegetation

type while more G. m. morsitans were caught in the thicket vegetation.
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Table 3.4: Summary of tsetse flies caught from artificial refuge (Number

in parenthesis is the average catch per day).

Vegetation type Days run . Catch

Gb Gp Gmm
Riverine 40 21 (0.5) 19 (0.5) 14 (0.4)
Mopane 40 0 60 (1.5) 13 (0.3)
Thicket 40 0 15 (0.4) 51 (1.3)

* Gb- G. brevipalpis, Gp- G. pallidipes, Gmm- G. m. morsitans

From the catches in traps and refuges, G. brevipalpis was concetrated in
the riverine vegetation throughout the year (Tables 3.1, 3.3 and 3.4). The
highest concetration of G. m. morsitans occurréd in the dry season for all
vegetation types, whereas the catch for G. brevipalpis did not show any
seasonal variation or peak as can be seen in the comparison of the catch
for G. brevipalpis between the rainy and hot dry seasons (tcalculated=0.39,
taitica=3.18, df=3, p=0.05); hot dry and cool dry seasons (tcalculatea=0.06,
teritical=3.18, df=3, p=0.05); cool dry and rainy seasons (tcalculated=0.61,
teritical=3.18, df=3, p=0.05).

»
From trap catches, G. pallidipes were concentrated in 'ghe thicket in the

hot dry season while in the rainy season more G. pallidipes was found in
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mopane woodland though the difference was not significant from the
thicket. It was also noted that more G. pallidipes were found in the
thicket during the cool dry season than the mopane though the
difference was not significant. The seasonal trend in the tsetse fly
catches in the riverine vegetation is as presented by figure III where the
population of all the three species is low in the rainy season but
increases in the cool dry season through the hot dry season and starts
dropping in November for G. pallidipes and G. m. morsitans while for G.

brevipalpis the reduction in catches starts in September.
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3.5. Discussion

If tsetse flies were tortoises we could learn much of what we need to
know about their ecology and behaviour by simply watching them (Vale,
1998). However, the flies are too small and fast to be observed easily
(ibid). Video cameras have been useful aids in the last few years but they
can record tsetse fly only in limited situations (Gibson et al., 1991). We
are forced to deduce important aspects of tsetse fly biology indirectly by
studying catches at baits. It is difficult enough to deduée the number,
condition and behaviour of the flies that arrive near baifs (Vale; 1993), let
alone an assessment of these aspects of the flies in the population as a
whole. Tsetse flies are regarded to be most abundant where they are
most caught (Pilson & Pilson, 1967). If catches decline between seasons,
it is commonly assumed that t;etse fly popiulations have declined.
However, there are three problems to these interpretations. Firstly, fly
catches do not only depend on the abundance of the flies but also on
their responsiveness to visual and olfactory stintuli, and we know little
about the responsiveness in various seasons and vegetation typés.
Secondly, the catches in one vegetation type relative to another further
depends on the type of bait employed (Vale, 1971). Thirdly, catches can
'even vary substantially from site to site within a given vegetation type

(Saunders, 1964; Vale, 1998). The afore-mentioned factors have not been

adequately explained and elucidated.
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Our difficulties in interpreting catch size are argumented by problems of
interpreting catch composition. The relative numbers of various species,
sexes and physiological categories in catches can not be taken as
indications of the composition of the wild population if no allowance is
made for the responsiveness of the populations components. We know
little about such responsiveness in the field and must make assumptions
about it. It therefore becomes difficult to deduce much more from the

results than is assumed (Vale, 1998).

The catch in a trap is a representation of the tsetse fly population in an
area, efficiency of the trap, effectiveness of 'Fhe baits used and other
factors like mobility of the. tsetse flies which is dependent on host
availability in the area and speci;s of tsetse fli:a's involved. The interaction
of these factors also affects the catch at baits. Assuming equal
attractiveness of traps in the different vegetation types and different
seasons, then the trend of tsetse fly catches ih traps represent a crude
measure of the population in the areas. Catch is especially difficult to
interpret in terms of the sample composition (sex ratio, age, nutritional
status) as a representation of the population due to sampling biases;
Trap catches are biased towérds G. pallidipes, and of.ten more females
are captured. Trap catches are also biased towards older tsetse flies

(Vale, 1998).
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Recent work by Vale (1998) has brought to light the effects of vegetation
on trap catches. Since mopane vegetation is the only vegetation which is
relatively flat, has clear sites, with no tall trees nearﬁy and clear of
bushes near traps, it was expected that the highes£ catch of G. m.
morsitans and G. pallidipes should be highest in this vegetation type.
This was not observed. The other vegetation types always had overhead
canopy cover and hence shade most of the day which should have
depressed the catch further but to the contrary the highest overall catch
was observed in the thicket vegetation. It appears that thou;gh in open
vegetation types bushes and shade affects catch negatively, in thicket
vegetations with canopies the effects of bushes and shade near traps
needs further investigation. Moreover, since the thicket vegetation and to
some extent the riverine vegetation leads to less odours being released
since the dispensers are almost always in fhe shade, the catch was
supposed to be reduced further but contrary to expectation, this was not
observed. The optimal trap siting rules suggestea by Vale (1998) though
helpful in open vegetation types, need more investigation so that the
factors at play in thickets and vegetation with broken terrain and
canopies are incorporated. It could also be related to host availability
where more preferred hosts ared‘available in thicker vegetation types than

open ones.
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Despite all these problems in interpreting catches at baits in different
vegetation types, the data collected has important implication in control
of tsetse flies. Since there is no better method of studying the causes of
seasonal variations in catch in different vegetation types, then we have to
rely more on the use of traps, artificial refuges and fly rounds as opposed
to electric screens (targets), which are not only expeﬁsive but require
specialists in their maintenance. More over, the use of electric screens is
also limited to dryspells. We could in fact be discouraged to even attempt
to discuss the distribution of tsetse fly species such as G. brebipalpis on
which the basic sampling tools are just being develgped. However, with
the available sampling tools, limited as they are, it has been shown that
this fly is limited to riverine .wegetation and rarely ventures to other
vegetation types in the Luangwa \;alley and So:Jth Africa (Nevill, et al.,

1993). Glossina m. morsitans and G. pallidipes are relatively well

distributed in the three vegetation types.

Due to the restricted habitat of G. brevipalpis, control of this species can
be easily and efficiently achieved because the restriction in the habitat is
very pronounced. With an efficient catching-out system like an S-target
(1 m X 1 m black cotton cloth flanked by 0.5 m X 0.5 m clear netting on
both sides) can effectively control this fly. The possibility of catching out

G. brevipalpis during research is high because the flies’ habitats in the
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CHAPTER 4

Dispersal and Daily Displacement of Glossina brevipalpis in a

Riverine Woodland of the Luangwa Valley.

4.1. Introduction

The movement of tsetse flies has attracted considerable attention and
consequently we are informed relatively well about their ‘ dispersal
(Glasgow, 1963). The above statement may not be true for the Fusca
group of flies (FAO, 1992) which includes G. brevipalpis. A lot of research
has been conducted on G. m. morsitans and G. pallidipes dispersal and
daily displacement (Phelps & Vile, 1978, Hargrove, 1981ab; Vale et al,
1984). We must note that in some works on tsetse flies, a specialized use
of the word “dispersal” is found and is illustrated below. It often

happens that tsetse flies are living in one particular type of vegetation,

such as the riverine thickets along a water course, and that cattle are
being grazed on the nearby grassland. Although tsetse flies can not live
permanently in the open grassland, they can fly out for a certain distance
into the surrounding areas and back into their usual habitat. This
épread of tsetse flies from their true habitat varies according to the
species of Glossina involved, and also accofding to the season, and to the
nature of the area into which they are spreading. This apparent tsetse fly

movement is a matter of great importance where cattle are kept in the
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vicinity of tsetse fly infested areas. Such spreading of tsetse flies is
sometimes referred to as “dispersal”, especially in the writings of Lewis
(1950, 1951). It is a kind of dispersal but in this study, dispersal is used
in a wider sense to include movements inside as well as outside tsetse fly
habitat. The daily displacement is thus defined as the average distance
covered by tsetse flies per day. The distance is expressed linearly,
although tsetse fly movement is random and mainly circular (Brady &
Griffiths, 1993). Such tsetse fly movement has a bearing on the
interpretation of catches which is a measure of the populatiéns based on
the sampling systems used. This is because catch::s from any sampling
system are dependent on among other things, the available population
of tsetse flies and their mobility (Vale, 1993). The daily displacement of G.
m. morsitans and G. pallidipes \:Vas reported 10 be 700-800 m and 900-
1000 m per day respectively (Phelps & Vale, 1§78). However, there is no
information in the literature about the displacement of G. brevipalpis. It
is with this background therefore, that the following experiment ‘was

carried out.

4.2. Study Sites

The experiments were carried out in a riverine woodland area called
Nkhomawafwa (Map 5 in Annex 2) along the Luangwa river. The
woodland is composed of mainly Diospyros mespiliformiS trees and it is

bordered by the Luangwa river on the west and an open mopane
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woodland on the east. The area is prone to seasonal flooding during the

rainy season.

4.3. Materials and Methods.

Artificial refuges were used for the capture of G. brevipalpis according to
the procedure followed in chapter 2. Eight (8) artificial fefuges were used
in the study. The refuges were arranged roughly in a circle of 300 meters
radius which covered the habitat width. One artificial refuge was placed
in the center while the other seven were in the perimeter Aof the circle.
The refuges were between 200 m to 300 m apart and the distance
between refuges was dependent on the availability of naturally shady
positions. Refuges four, five and seven were outside the riverine habitat
hence were used as markers tc; detect any z} brevipalpis flying out of
their riverine habitat. All the other refuges were in the riverine habitat.
The flies were collected once a day between 12:00 h and 14:00 h (during
the hottest time of the day when tsetse flies rest in refuges) for three
weeks in October of 1998. All the tsetse flies were caught with a cone of
netting placed at the mouth of the refuge, a procedure developed by Vale
(1971). The flies were each uniquely marked with Parker® artists paint
and released immediately oﬁ the sites of capture. The marking cord
consisted of four colours (red, white, yellow and blue). The flies' dorsal

view of the abdomen and thorax was divided into ten positions and each

fly was marked with the four colours to give each fly a unique identity



70

(Annex 4). The movement of the tsetse flies was recorded on subsequent
recaptures and their daily movement noted. Simple calculations of
average distance covered over the days taken was used as a measure of

displacement.

4.4. Results
A total of 318 G. brevipalpis were captured in refuges and were uniquely
marked and released. A total of 21 G. brevipalpis (Table 4.1) were
recaptured mainly from refuge one (seven ﬂiés) and refuge'six (twelve
flies) giving a recapture rate of 6.8%. One fly each was recaptured from
refuge three and refuge eight. One G. brevipalpis recaptured from refuge
six could not be identified fully.because the red mark could not be found.
Refuge two did not record any cat::h of G. brevi;aalpis even though it was
in the riverine habitat. No G. brevipalpis was captured or recaptured from
refuges four, five and seven which were outside the riverine habitat. At
the begining of the fourth week, there was some heavy rains and vthe
catches in refuges ceased. The daily displacement for the recaptured G.
brevipalpis was estimated at 31 m per day for the twenty identified
recaptured flies. The displacement was calculated by considering the
» distance from the refuge of firstAcapture to the refuge of recapture divided
by the number of days it took between first capture and recapture. This

calculation method only takes into consideration the radial movement

away from point of first capture and not total displacement. Twenty
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percent of the recaptured (identified) flies were recaptured from the

refuges of first capture.
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Table 4.1: Summary of the mark recapture experiment for G. brevipalpis.

Refuge no. | Fly Refuge no. |Interval in days | Distance

of first | number of between first | between

capture recapture capture and | refuges (m)

recapture

6 14 6 7 0

6 79 1 9 300

6 105 6 6 0

6 204 1 1 300

6 230 1 1 300

1 26 6 10 300

6 268 1 2 300

6 280 3 1 - 200

6 205 6 1 0

8 313 6 . 1 100

1 156 6 ) 8 ’ 300

1 147 6 8 300

8 284 6 1 300

1 296 8 1 300

1 188 6 7 300

1 262 6 6 ~ [300

? ? 6 ? ?

1 1 23

1 1 1

6 229 1 17 300
¥ 202 6 17 300




73

4.5. Discussion

The recapture rate of 6.8% was lower than in previous initial experiments
(Maseko, unpublished data) where recapture rates were as high as 24%
in similar vegetation types. Even the recapture rate from the refuge of the
first capture was also much higher (60%) than the 20% observed during
this experiment. There does not seem to be any cause for the
discrepancy. The circle of artificial refuges used in the experiment was
small compared to the large square (16 sq. miles) experiment of Jackson
(1946). It should be more interesting to use a. less restricting
experimental design where the riverine vegetation is sampled outside the
initial cycle of artificial refuges. However, the estimated daily dispersal of
31 m per day is very low in comparison to other tsetse flies. The
estimated daily dispersal for G. m.'morsitans ar:d G. pallidipes are 700-
800 m and 800-900 m, respectively (Phelps & Vale, 1978). The estimated
daily dispersal for G. brevipalpis of 31 m is slightly higher than that

estimated for G. f fuscipes by Bursell (1970) of 183 m per week (26

m/day).

The estimated 31 m is the average displacement per da}} it took the fly to
cover the distance between refuges of first capture and refuge of
W

recapture while the measures for G. m. morsitans and G. pallidipes are an

average of all movements a fly makes in a day. Since dispersal in tsetse

flies can be viewed as a series of discrete daily steps taken in a random
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direction (Bursell, 1970; Rogers, 1977) and since G.l brevipalpis is
confined to isolated patches of riverine woodland, it co'uld have covered
comparable distances but because of the restricted habitat, the radial
distance covered per day is seen to be short. The habitat is restricted as
seen from the experiment since all refuges outside the riverine woodland
did not catch any G. brevipalpis. The effect of the restricted riverine
habitat on the movement of G. brevipalpis needs more investigation as it
has serious implications on other ecological questions on the fly
especially on matters relating to host location and host preferénce.

Since G. brevipalpis does not respond to artificial baits and odours as
well as G. m. morsitans and G. pallidipes ( Chapter 2) and that the
habitat is restricted then how d(; the flies ﬁngl their hosts? Since most
animal hosts are mobile and only a few such as the bush buck are
resident in the riverine habitat, does it entail a very restricted host range
or is it that hosts come to the fly as against the flies looking for the host?
Could this then explain the inability to attract lots of these flies using

artificial baits and odours?

While this experiment is only a preliminary study, studies on the host
preference should take center stage in the understanding of the ecology
of G. brevipalpis. Further, studies on the dispersal pattern should be

extended where larger habitats are available and other sampling systems
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are available since refuges are very restrictive in terms of season (can
only be used in the hot dry season) and positioning is dependent on
naturally available shade. Artificial refuges, though, have the advantage
that they are able to attract all these flies’ sexes and age categories as
they occur naturally. And since refuges do not depend on odour
attractants/baits, they are more likely to help understand the movement
of tsetse flies without the effects of hunger and mating which affect
catches at baits. Glossina brevipalpis was observed not to be affected by
the paint as it flew off immediately after making like all the other tsetse

flies do.

With the restricted habitat and the lack of wide foraging habits, control of
this tsetse fly species may be easily achieved using artificial refuges lined
with insecticide treated clothes which have been tested in other

experiments to have the ability to retain tsetse flies (Maseko,

unpublished data).
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CHAPTER 5

Composition and Assessment of Infection Rateé of Catches of
Glossina brevipalpis, G. m. morsitans and G. pallidipes from

Epsilon Traps and Artificial Refuges.

5.1. Introduction

A population sample which is collected without bias can give a good
indication on the composition of that population. The composition of
insect pests especially in terms of age, nutritional status, developmental
stage (egg, larvae, pupae and adult) is a very important factor in an effort
to control the pests (Southwood, 1980). Effective control of arthropods is
best done at the most vulnerable stage of théir development. In tsetse
flies, only the pupae and adult stage are available for control due to their

adenotrophic viviparity nature of reproduction where the egg and the

larvae stages both occur in the female fly. The female of most insect
species produces many eggs and then abandons them to their tenuous
fortunes; but the female tsetse fly produces only one egg every ten days
and guards its development very closely (Nash, 1969; Jordan, 1986; Vale
et al., 1985; FAO, 1980). The egg is retained in the uterus and after
hatching the larva is fed on a material sécretion until it is. fully grown, by
which time it weighs as much as the mother (Glasgow,. 1963; Saunders,

1960). After finding a shaded spot the female extrudes the mature larvae
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which immediately burrows to safety, carrying in its mid-gut the food its
mother has provided to take it through its pupal life and to allow it to
hunt its first meal as a newly emerged adult. This slow but sure method
of reproduction is the reason for another peculiarity that sets the tsetse

fly apart from most other insects - its stable population dynamics (Vale et

al., 1985).

Females usually mate within a day dr so after emerging from their pupal
case, the sexes generally meet when the female is about to or is actually
in the process of taking her first blood meal. The females mate once and
retain the sperms in the spermathecae and are released into the oviduct
every time a female tsetse fly ovulates (Jordan, 1986).

While it is known that female tsetse flies live longer than males both in
the laboratory and in the field, actual life-spans i.n the field vary
tremendously (Jordan, 1986). The life span of the average female is
critical as she must live for some 36 days to produce more than the»two
off-springs that must be produced if the species is to survive. In some
places and at some time of the year, especially the hot dry season, it is
certain that the average female does not survive long enough to produce
sufficient off-spring to ensure the survival of the species and population

decline occurs. At other climatically more favourable times of the year,

surplus off-spring are produced allowing the population to recover but
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even under laboratory optimal conditions, reproduction of twelve larvae
by a female is exeptional (140 days) (ibid). Male tsetse flies normally live

up to 46 days when optimal weather prevails (FAO, 1980).

Tsetse fly feeding interval is a hotly debated issue (Groenendijk, 1996).
Some authorities believe tsetse flies feed on regular three to four day
intervals (Rogers, 1977; Randolph & Rogers, 1978, Randolph et al., 1991)
while others believe that tsetse flies are oppo.rtunistic feeders and feed
whenever they have an opportunity without recourse té regularity

(Hargrove & Parker, 1993).

In estimating population mortalities from standing age distribution it is
assumed, among other things, that the samples used are unbiased with
respect to age (Caughley, 1977). Mortality in a sampled population of
tsetse flies can be estimated from the ovarian age distribution (Saunders,
1962; Challier, 1965; Challier & Turner, 1985? Dransﬁe.ld et al, 1985;
Rogers et al., 1984; Turner, 1987; Van Sickle & Phelpé, 1988). Females
which have not ovulated, and which are thus less than nine days old, are
excluded from such calculation on the ground that they are under
represented in most trap samgles. It is arbitrarily assumed that there is

no sampling bias with respect to any older flies. However, there is no

evidence to support this assumption but there is reason to suppose that
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it may be false for at least G. m. morsitans and G. pallidipes (Hargrove,

1991).

Tsetse fly populations observed at Rekomitje (a tsetse fly search station
in the Zambezi Valley, Zimbabwe) in terms of species composition,
diurnal activity patterns and age structure were apparently dependent on
the sampling method used (Hargrove, 1991). It was important therefore
to investigate this observation for G. m. morsitans and G. pallidipes in
comparison with G. brevipalpis in the Luangwa valley of .Zambia.

Effective control of tsetse flies shall increasingly depend on our
understanding of the ecology of the flies as in bait technology (Vale et al.,
1988a). Since our understanding of the ecology of insect populations is
dependent on the sampling system used, with all the inherent sampling

biases, efforts should be made to understand the population composition

of tsetse fly species under such biased sampling methods.

5.1.1Age Determination

There are two major methods of estimating age in tsetse flies; wing fray
analysis (for both males and fe‘males) and ova.rian analysis (for females).
Both methods dependent on the physical and physiological changes that
occur as the tsetse fly grows. These techniques were originally developed

to deal with G. m. morsitans and G. swynnertoni but have now been
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adopted to estimate the age of other tsetse fly species as well (FAO,

1980).

5.1.2. Wing Fray Analysis.

When a fly emerges from the pupa, the wings spread out to their full size
and harden; the margin of the wing is perfect at this stage, without tears
or irregularities. But later the wings become torn, particularly along the
trailing (rear) edge of the wing, because during the daily activity the fly
may brush against vegetation and the animals it feeds on, or may fight
with other flies or may be attacked by predators. The wings therefore
become more tattered with age, so that a very old fly flas wings with

badly torn edges. -

5.1.3. Ovarian Analysis

In early studies of the pupipara such as Melophagus ovinus L Pratt (1899
cited in Saunders, 1960) and Hippobosa lori:gipennis F. capensis by
Detinova, 1955, cited in Saunders, 1960), found the sequential
development of ovarioles starting from the right ovariole followed by left
then right and left again to complete the cycle. In a study of the ovulation
cycle of Glossina palpalis‘ (Robineau-Desvoidy), Mellanby (1937)
established that the first egg is ovulated from the .right ovary and
subsequent eggs alternate from left to right fhroughout the life of the

tsetse fly. Similar cycles were seen to occur in G. m. morsitans Westwood
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and G. swynnertoni Austen (Mellanby, 1937). It has now been shown

that two ovarioles are present in each ovary (Saunders, 1960).

Ovarian analysis involves dissection to examine the ovaries and uterus.
Although it is a more complicated method than the wing fray method
because of the tsetse fly dissection involved, the age of individual tsetse
flies can be estimated while the wing fray analysis estimates the age of

the sample collected.

5.2. Materials and Methods

5.2.1. Fly Collection and Handling

There were two sources of data for this study:-

(a) Five epsilon traps baited with ac;etone, octehc:l, 3-n-propyl phenol and

4-methyl phenol and five artificial refuges were deployed in the riverine

vegetation along the Luangwa River (Luangwawafwa area see map 5 in

Annex 2). This is a habitat for G. m. morsitarts, G. pallidipes and G.

brevipalpis. |

(b) Three other epsilon traps which were set in each of the following

vegetation types: (i) riverine, (i) mopane and (iii) thicket. These traps
'were used in the data collection of the seasonal study experiment in

Chapter 3.

The experiment was run for up to 15 days in a month from September

1997 to August, 1998. The traps were run for 12 hours of day light and
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flies were collected in the morning between 06:00 hr. and 08:00 hr. Flies
were immediately placed in cool boxes with ice packs and transported to
the laboratory where they were immobilized by keeping them at a

temperature of 4°C in a refrigerator for one hour before dissection.

Tsetse flies from artificial refuges were collected as described earlier
(Chapter 2) and stored in cooler boxes and treated as for the flies from
the traps. The refuges were only run during September to December of
1997. All the flies from artificial refuges were dissected.

Only five G. pallidipes were dissected from each trap while all G. m.
morsitans and G. brevipalpis were dissected. The G. pallidipes were
restricted so that comparable &numbers toithe other species were
collected as opposed to random sampling of all the threq species in a trap

catch because by far more G. pallidipes would have been dissected since

the majority (>90%) of the trap catches were G. pallidipes..

5.2.2. Dissections

The wings and legs were cut off from the immobilised flies. There are six
wing fray categories used for “both male and female tsetse flies. For the
details of the categories of the wing fray categories guide on the wing
tatter and the calculation method see Annex 5. The proboscis, mid-gut

and proventriculus, and salivary glands were examined under 0.9-1%
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saline solution at magnification of X400 using a compound microscope

(See annex 6 for full procedure of dissection). The method of estimating

the physiological age used was that suggested by Saunders (1960) and

categorized by Challier (1965) and improved by Hargrove, (1995) which

is summarized in a table in Annex 6.

5.3. Results

5.3.1. Epsilon Traps and Artificial Refuges

Table 5.1. Results of the dissection data from artificial refuge‘s and traps

Method of Number Species Sex ratio Age (days) Infection rates (%)
capture dissected ratio N

Gb Gp Gm Gb:Gp:G Male:Femal | Male Female | Gb Gp Gm | Poole

m . e d

Artificial 689 174 137 5:1.3:1 1:2.2 55 32 3.3 2.2 4.4 3.3
refuges
Epsilon 67 405 221 1:6:3.3 1:3.1 45 25 1.5 2.2 3.6 |27
traps

A total of 1000 tsetse flies captured from artificial refuges were dissected.

Out of the total flies dissected, 33 (3.3%) were positive for trypanosomes.

Nineteen (57.6%) of the positive flies were found with trypanosomes in

the mouthparts only. The other 14 (42.4%) of the positive tsetse flies

were found to have trypanosomes in the mid-gut and mouthparts. No fly

had trypanosomes in the salivary glands.
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A total of 693 tsetse flies were dissected from epsilon traps in the riverine
vegetation. Nineteen (2.7%) of the tsetse flies from the epsilon trap were
positive for trypanosomes. Ten (52.6%) were positive in the mouthparts
only while the other nine (47.4%) were positive in the mouthparts and

midguts. No fly had trypanosomes detected in their salivary glands.

There was a higher proportion of G. brevipalpis in’artiﬁcial refuges
(68.9%) than in epsilon traps (9.7%). The proportion of G. pallidipes in
the refuge catch (17.4%) was lower than the proportion of this species in
the epsilon trap catches (58.4%). The proportion of G. m. morsitans in the
epsilon traps was 31.9% which was higher than that of the artificial

refuges (13.7%).

The age distribution of the two samples is detailed in Table 5.2 for

females and Table 5.3 for males.
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Table 5.2. The age distribution of female tsetse flics in artificial refuges

and epsilon traps.

Ovarian category | Artificial Refuges (%) | Epsilon traps (%)
0 4.2 5.2

1 11.3 8.8

2 12.4 13.6

3 18.2 16.9

4 22.4 24.0

5 16.8 17.3

6 10.4 10.6

7 42 36 ;

-

Table 5.3: The age distribution of male tsetse flies in artificial refuges and

epsilon traps.

Wing fray | Artificial refuge | Epsilon traps (%)
category (%)

1 3.2 4.6

2 27.4 20.9

3 42.8 34.6

4 24.9 ' 29.0

S 3.3 * 1.6

6 1.3 3.2
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The age distribution for both male and female tsetse flies from artificial

refuges and epsilon traps are not significantly different from each other.

5.3.2. Composition of Epsilon Trap Samples from Riverine, Mopane

and Thicket Vegetation Types.

Table 5.4. Results of tsetse fly dissections in riverine, mopane and

thicket vegetation

Vegetation Number Species Sex ratio Age (days) Infection rates (%)
type dissected ratio
Gb Gp Gm Gb:Gp:G Male:Femal | Male | Female Cb Gp Gm | Poole
m e : d
Riverine 72 367 302 1:5:1:4.2 '] 1:2.0 45 - 22 1.4 1.9 17 1.8
Mopane 0 1221 | 96 0:13:1 =] 1:2.0 46 22 E 3.3 4.2 3.4
Thicket 0 1395 | 120 0:12:1 1:2.0 43 26 - 1.6 1.7 1.6

A total of 741 tsetse flies were dissected from epsilon traps in riverine
vegetation. Of the total flies dissected, 13':(1.8%) were positive for
trypanosomes . Of the 13 positive flies, 8 (61.5%) were positive inthe
mouthparts only while the other 5 (38.5%) were positive in the

mouthparts and midguts.
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A total of 1,317 tsetse flies were dissected from the epsilon traps in
mopane woodland. Of all the tsetse flies dissected, 45 (3.4%) were
positive with trypanosomes. There were 36 (80%) samples positve in the
mouthparts while the other 9 (20%) were positive in the mouthparts and

midguts.

There were 1,515 tsetse flies dissected from epsilon traps in the thicket
vegetation. A total of 24 (1.6%) tsetse flies captured were positive for
trypanosomes and of these, 23 (95.8%) were positive in the mouthparts

while the other one (4.2 %) was positive in the mouthparts and midgut.

The age distribution of the flies are presented in Table 5.5 and 5.6.

s ®

Table 5.5. Age distribution of female tsetse flies from Epsilon traps in the

riverine, mopane and thicket vegetation types.

Ovarian category | Riverine (%) Mopane (%) = Thicket (%)
0 2.4 4.8 4.3

1 13.7 15.0 12.7

2 20.6 13.2 13.5

3 23.4 16.4 16.8

4 22.6 18.1 18.9

5 11.3 16.7 16.6

6 4.0 10.0 11.4

7 2.2 5.7 5.7
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Table 5.6. Age distribution of male tsetse flies from Epsilon traps in the

riverine, mopane and thicket vegetation types.

Wing fray | Riverine (%) Mopane (%) Thicket (%)
category N

1 14.0 14.6 5.4

2 35.5 . 29.6 23.8

3 26.3 30.0 ’ 32.3

4 14.6 15.9 24.6

S 6.3 8.4 9.2

6 3.2 1.5 4.6

5.4. Discussion

The species composition of tsetse fly samples collected by different
methods have been studied by many s;:ientists (Pilson & Pilson, 1967,
Vale, 1974a; Hargrove, 1991; Harley, 1967; Jackson, 1946). By collecting

samples from the field, scientists want to know how representative the
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sample is of the population (Southwood, 1980). The vari‘ous methods of
collection of tsetse fly field data have been evaluated.‘ Man fly rounds,
black screen fly rounds and mobile electric screens have been found to
be biased towards the capture of more male and generally young tsetse
flies (Vale, 1974b; Hargrove, 1991). In contrast the tsetse flies caught by
traps (epsilon, F3, NGU, biconical and others) are said to be biased
towards females and mostly older flies are collected (Vale, 1974b & 1998;
Hargrove, 1991). It is also reported that the presence of man in the
sampling system reduces the proportion of female tsetse flies and this is
more pronounced for G. pallidipes than in any other tsetse flies species
(Vale, 1982). Artificial refuges were reported to collect .a more balanced
sample for G. pallidipes and G. m. morsitans.in Zimbabwe (Vale, 1971,

= *

Torr, 1994).

In this study, artificial refuges and epsilon traps were used to sample G.
brevipalpis, G. pallidipes and G. m. morsitans in*a riverine vegetation and
for a seasonal variation study as detailed in Chapter 4. The speéies
composition of samples from artificial refuges and epsilon traps were very
different. The artificial refuges caught more G. brevipalpis than epsilon
traps while G. pallidipes was captured more in epsilon tréps. Glossina m.
morsitans contributed the least to the total catch in the artificial refuge
while G. brevipalpis was least in the epsilon traps. These results bring

out a very important aspect on the interpretation of catches as measures
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of tsetse fly population composition and abundance and that is you can
not easily interpret catch composition as a reflection of population

composition without recourse to the biases of the sampling systems.

The composition of the samples collected in terms of age was not
significantly different in the artificial refuge catch and epsilon trap catch
in this study. This finding is unlike the results reported by other authors
(Vale, 1971; Hargrove, 1991). The interesting finding in this study is on
the abundance interpretation of species catch by a given" sampling
system. Artificial refuges indicated a very high‘ population of G.
brevipalpis while the population of the other tsetse fly species are very
sparse but then the trap cafches are the exact opposite where G.
pallidipes is the major componen‘: of the tsets; fly population while G.
brevipalpis is sparsely populated. By both methods, the population of G.
m. morsitans seems to fall between the two other species. The sample
species composition becomes especially difficulf to interpret when the
catch from a sampling system where no tsetse fly is captured or whére
very few are captured as in the mopane and thicket vegetation where
only two G. brevipalpis were captured from each vegetation type and
- during the same experiment, 25,000 G. pallidipes and over 1000 G. m.

morsitans were captured. It may seem that G. brevipalpis does not

inhabit the mopane and thicket vegetation types but it is likely that
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relative to the riverine vegetation, there is less G. brevipalpis in the

mopane and thicket vegetation types.

In all vegetation types, the age of the tsetse flies estimated by the ovarian
analysis was always slightly higher than the age estimated by the wing
fray analysis. There were flies in ovarian categories 3, 4, 5, 6 and 7
whose wing fray values were 1 and 2. This result though seemingly out of
place, really reflects the different experiences of the individual tsetse flies
that could result in the wing tear. In all vegetation types anld sampling
systems, infected flies were all older than 25 days which gives them
enough time for the T. vivax and T. congolense to mature while T. brucei
needs much older flies of over 35 days though no tsetse fly had the T.

L3 ®

brucei infection.

The infection rates ranging from 1.4 - 4.4% in the whole study where
lower than reported in other studies where infé?:tion rates ranged from
3.5 - 6.8% (Bealby et al, 1996). The infection rates were highest in G. m.
morsitans followed by G. pallidipes and least was G. brevipalpis and this
accords the findings of Bealby et al, (1996) for G. m. morsitans and G.
pallidipes. There was no record on G. breviplapis in the study by Bealby
et al. (1996). Most of the infections were the mouthparts only type while
the rest were for the mouthparts and midgut infection types which also

accords with the other study (ibid.).
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CHAPTER 6

Species Specific Identification of Trypanosomes in Glossina
brevipalpis, G. m. morsitans and G. pallidipes by Polymerase

Chain Reaction (PCR).

6.1. Introduction

Tsetse-transmitted African animal trypanosomes are elongatc;, usually
slightly curved protozoan parasites, with a single nucleus. Their sizes
range from 10-35um long. The organelle of locometion is the single
flagellum which originates near the posterior end of the body of the
trypanosome by a fold of the pellicle, the undulating membrane. In some
trypanosome species such as Trypanosoma congolense the flagellum only
extends as far as the anterior end but in others there is a free portion of

the flagellum extending anteriorly. Near the basal body of the free

flagellum is the dark staining kinetoplast. The diagnostic characters of
the blood stream forms (trypamastigotes) of the various species of
mammalian trypanosomes are the size and shape of the body, the
position of the nucleus and kinc_;‘toplast and the length and form of the
saindulating membrane and flagellum, as observed in stained preparation
of the parasites (Jordan, 1986; FAO, 1986; Nash, 1969, Mulligan, 1970,

Buxton, 1955).
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Trypanosoma species which undergo a cycle of development in the tsetse
fly are called salivaria and belong to the family trypanosomatidae, order
Kinetopla‘stidae. Four subgenera of the trypanosomes are recognized
although the subgenus Pycnomonas which coﬁtains only one species T.
suis is of very limited distribution and importance and is not discussed
further. The various groups of tsetse transmitted trypanosomes are

discussed separately below.

6.1.1. Duttonella (Vivax group)
There are two species of economic importance in this group.

-

(@) Trypanosoma vivax: This is a monomorphic species, 20-27 pm

(average 22.5 pm) by 3 pm. The posterior part is distincﬂy broader and
bulbous, the kinetoplast is larée and termir:al and the. free flagellum is
short, being 3-6 um in length (Soulsby, 1986). The organism is very
motile in fresh blood, moving very rapidly across the field, pushing red
blood cells aside as it goes. It causes disea$e in domestic animals in
Africa, Asia and South America. In Africa, the major vectors of the
disease are tsetse flies (Soulsby, 1986; Losos & lkede, 1972), while in

Asia and South America, mechanical transmission by biting flies

especially flies of the Tabanus spp. are implicated.

(i) Trypanosoma uniforme: This is similar to T. vivax with an average

length of 16 pm (12-20 pm) by 1.5 - 2.5 pm. The free flagellum is shorter
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than that for T. vivax. It is transmitted cyclically by tsetse and occurs
mainly in Uganda and the Democratic Republic of Congo (DRC) (Soulsby,

1986).

6.1.2. Nannomonas (Congolense group)

There are two species of economic importance in this gréup:

(i) Trypanosoma congolense: This is a small form 9-18 pm in length, and
it is the smallest of the African trypanosomes. The posterior extremity is
blunt and the kinetoplast is typically marginal, being some aistant from
the posterior end. Characteristically, there is no free flagellum though
the tapering anterior extremity may, inardvertently, give the appearance
of one. Although the unduylating membrane is inconspicuous, the
organism is active and it e;hibits mark:ed but non progressive
movements in fresh blood. T. congolense is widely distributed in southern
and parts of East Africa and it produces the most important pathogenic
form of trypanosomosis. It is transmitted '('fyclically by tsetse vflies
(Jordan, 1986; Nash, 1969, Mulligan, 1970, Soulsby, 1986).

(i) Trypanosoma simiae: This is a polymorphic form resembling T
congolense. The majority of the trypanosomes are 16-24 um, being long
and stout with a distinct uhdulating membrane. About 7 % of the
population tend to be long and slender with an inconspicuous

membrane, and a few are short with a poorly developed undulating

membrane. Transmission is mainly by tsetse flies though cases of
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mechanical transmission by Stomoxys and Tabanids occur (Soulsby,

1986).

6.1.3. Trypanozoon (Brucei group)

There are three sub-species in this group:

(i) Trypanosoma brucei brucei: This is a polymorphic trypénosome with
slender, intermediate, and stumpy forms occurring. The undulating
membrane is conspicuous in all forms while the kinetoplast is sub-
terminal and the tail pointed. The slender forms are 25-35 pm (average
29 um) in length, have a long fr;e flagellum a:nd a pointed posterior end.
The intermediate forms average 23 pum, the posterior end is more blunt
and a free flagellum is present. The stumpy forms average 15 pm, the
posterior end is broad, the kinetoplast is moreéterminal and the flagellum
is lacking. Movement is snake like or wriggling, the organism seldom
move out of the field. All forms may occur in the blood at the same time
but usually only one form predominates. The species is widely
distributed between 15° noffh and 25° south. Transmission is mainly by

tsetse flies. Some mechanical transmission is also possible (Soulsby,

1986; Losos & lkede, 1972).
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(1) Trypanosoma brucei gambiense: This is the cause of éambian sleeping
sickness (the trypanosomosis of humans). It is morphologically
indistinguishable from T. b. brucei found in animals. It is a polymorphic
with slender, intermediate, and stumpy forms. Trypanosoma b.
gambiense occurs mainly on the West Coast of Africa between the
latitude of 15° north and 18° south and parts of Central and East Africa
with lake Victoria as an eastern limit. Riverine tsetse flies are the major
vectors. Domestic animals are not easily infected but if infection occurs
it is not as severe as T. brucei brucei and T. brucei rhodesiense (Losos &

Ikede, 1972).

(ii1) Trypanosoma brucei rhodesiense: This is the cause of Rhodesian
sleeping sickness of huma;ls. The pa}asite is morphologically
indistinguishable from T. brucei brucei and T. brucei gambiense. The
organism is polymorphic showing all the three forms similar to other
species. It is restricted to Southern Africa and parts of East Africa and
around the shores of Lake Victoria. The major vectors are Savannah
tsetse fly species. It results in mild pathogenicity in cattle, goats and
sheep (Losos & Ikede, 1972).. |

»
6.1.4. Trypanosomes in tsetse flies

Tsetse Mies emerge Lrom pupae uninfected by lrypanosomes amnd bemce

can 7ol ransnil e parasite. When a tsetse 2y takes a blood meal /o
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an infected animal, there is a chance that it can become infected. A small
proportion of the trypanosomes in the blood of an aﬁimal are in a
suitable condition and form to infest the tsetse fly; for instance, the
stumpy forms of T. b. brucei are more capable of establishing infection in
the tsetse flies . The trypanosomes undergoes a cycle of development in
the fly which is unique to each trypanosome group (FAO, 1980). In
general, the trypamastigote transforms into procyclics (without Variable
Antigen Type [VAT]) before becoming metacyclics (with VAT) which are
infective to mammalian hosts. It is reported that different salivarian
trypanosomes follow different pathways in the ts?tse fly habitat (FAO,

1980, Buxton, 1955).

6.1.4.1. Duttonella

Some trypanosomes taken up by the fly attach themselves to the walls of
the food canal formed by the labrum and labium in the proboscis. They
form colonies and multiply. In about ten days infective forms are
produced that migrate to the hypopharynx and infect new hosts when
tsetse feed on their next host. This cycle takes about 10 days (FAO,

1980).

6.1.4.2. Nannomonas
Most of the trypanosomes that are carried on to the gut survive. They

then migrate forward to the food canal of the proboscis where they



99

multiply. Later infective forms reach the hypopharynx, and new hosts
can be infected when the fly feeds. The cycle takes 12-14 days (FAO,

1980).

6.1.4.3. Trypanozoon

Trypanosomes are carried to the gut, later passing forward to the
proboscis. From here they enter the hypopharynx and reach the salivary
glands, where finally the infective forms are produced. The cycle takes

20-30 days (FAO, 1980).

6.1.5. Identification of Trypanosomes in the Tsetse Fly

Identification of trypanosomes ir: the tsetse ﬂ; has mainly relied on the
location of motile trypanosomes in the fly according to the following
categories (FAO, 1980):

(1) Duttonella - if found only in the mouthparts.®

(2) Nannomonas - if found in the mouthparts and mid-gut.

(3) Trypanozoon - if found in the mouthparts, mid gut and salivary

glands.
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6.1.6. Distribution of Trypanosome Infection Rates in the Tsetse
Fly.

While it has been reported that trypanosome species -affecting cattle
occur in equal proportions of 1:1:1 for T. vivax: T. congolense: T. brucei
respectively (Lubinga, 1996), the infection rétes distribution in tsetse
flies is still not clear. However, the predominant species is generally
reported to be T. vivax followed by T. congolense and the least being T.
brucei (Bealby et al., 1996; Lubinga, 1996). One of the reasons for the
apparent discrepancy in the infection rates distribution in tsetse flies and
in cattle for T. vivax, T. congolense and T. bruc’ei brucei could be
attributed to the techniques used for the identification of the
trypanosomes. Since most of the infections in cattle are transmitted by
tsetse flies, and that we assume ;hat all trypa:nosomes.have an equal
chance of establishment in the host, then the. proportions of
trypanosome species in the tsetse flies should also be expected to be well

balanced, unless otherwise. :

The main aim of this study was therefore, a) To develop a protocol for
isolation of trypanosome DNA from infected tsetse fly parts, b) To identify
at molecular level, the speciés of trypanosomes isolated from the

mouthparts and the mid guts of proven infected tsetse flies.
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6.2. Materials and Methods

6.2.1. Collection of Infected Tsetse Flies

Fresh tsetse flies were caught using standard procedures in the field.
They were dissected to remove the mouthparts, mid guts and salivary
glands which were examined under a microscope set at magnification of
X240. Each of the parts were mounted on a slide and covered with a
cover slip to which a solution of 0.1% saline was added. All the G
brevipalpis parts which were found positive were carefully transferred to

a number four Whatmans® filter paper and were immediately frozen (-

20°C) to preserve the DNA in the trypanosomes. To avoid contamination
of the samples, forceps were washed and sterilized in boiling water after
each use and that each pair.of forceps was only used for a particular

= ®

tsetse fly part.

6.2.2. Isolation and Purification of Trypanosome DNA |

The G. brevipalpis specimen samples were pooled in batches of 5 for the
midguts and 10 for the mouthparts. A composite sample madé by
collecting a few microliters from all the other samples (purified DNA
before the PCR reaction) was used to run the PCR reaction to test for T.
simiae. Dot blots of the specifnens in each batch were punched out and
soaked in 5 ml Phosphate Buffered Saline (PBS) in a 10 ml test tube for

24 hours at 4°C to allow the trypanosomes to detach from the tsetse fly

parts and filter paper. This was followed by vortexing the test tube to
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release the trypanosomes into the homogenate. Approximately 1 ml of
the PBS - homogenate was recovered by decanting and this was then
transferred to a 1.5 ml clean centrifuge tube. The homogenate was
centrifuged for one minute at SO0 rpm to allow coarse material (tsetse fly
parts and filter paper) to settle at the bottom. The supernatant was
decanted in to a new 1.5 ml centrifuge tube and followed by high speed
centrifugation at 10,000 rpm for 5 minutes for the trypanosomes to
collect as a pellet at the bottom of the centrifuge tube. The excess
supernatant was drained off and fresh PBS ‘(1 ml) was added to the
trypanosome pellet and vortexed to allow the trypanosomes back into
solution. The resulting solution was centrifuged at 10,000 rpm for S
minutes to wash the trypanosomes which were then collected in a pellet

£

form. The excess supernatant was drained off and the pellet vortexed in

100 pl of PBS which served as the sample template DNA.

6.2.3. Polymerase Chain Reaction (PCR) Amplification

A slightly modified PCR amplification technique was carried out in a
reaction of 25 pl mixture (Solano et al.,, 1995; Katakura et al., 1997). The
reaction mixture was prepared by adding 10 ulitemplate DNA, one Ready
-To-Go Beads®, 1 ul each of prit;'ners one and two and 13 pl of sterilised
distilled water to make the volume of 25 pl. The PCR Ready - To - Go

Beads when brought to a final volume of 25 pl contains 1.5 units of Taq

Polymerase, 10 mM Tris-HCI (pH 9 at room temperature), 50 mM KCl,
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1.5 mM MgCly, 200 uM of each dNTP and stabilisers, including BSA
(Phamacia Biotec, 1996). The primers used wefe TCN1
(TCGAGCGAGAACGGGCACT’I‘TGCGA) and TCN2
(ATTAGGGACAAACAASATCCCGCACA) for T. congolense Savannah subgroup;
TCF1 (GGACACGCCAGAAGGTACTT) and TCF2 (GTTCTCGCACCAAATCCAAC) for
T. congolense Forest subgroup; TBR1 (CGAATGAATASTTAASACAATGCGCAG)
and TBR2 (AGAACCATTTATTAGCTTTGTTGC) for T. brucei; TSM1
(CCGGTCAAAAACGCATT) and TSM2 (AGTCGCCCGGAGTCGAT) for T. simiae;
and TVW1 (CTGAGTCGCTCCATGTTGCCAC), and TVW2
(CCACCAGAACACCAACCTGA) for T. vivax (Kirchoff & Df)nnelsén, 1993). The
reaction mixture was over laid with 20 ul of mineral oil énd cycled in
programmable heating blocks as follows. Incubation at 94°C for three
minutes in an initial step followed by 40 cycle; involving denaturation at

94°C for one minute, annealing at 55°C for one minute and extension at
72°C for one minute. The samples were incubated at 72°C for 7 minutes

and then cooled at 4°C to stop the reaction.

To the PCR product, 2 pl of DNA loading buffer was added and 10 ul of

the mixture was placed in 2% agarose gel stained with ethidium bromide

in TAE buffer (40 mM Tris Acetate and 1 mM EDTA) at pH 8.

In the first well only 5 pl of DNA biomaker was added. The product was

separated eletrophorically in the TAE buffer at 100 V until the dye had
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covered half way the gel after approximately 40 minutes. The reaction

was observed under Ultra-Violet (UV) light.

6.3. Results

6.3.1. Development of the PCR protocol

A protocol outlined in the method for the isolation, purification and
running of the PCR up to the electrophoretic separation was established.
The DNA amplification worked satisfactorily for the tsetse fly midguts,
but not for the tsetse fly mouthparts where no amplification was

observed.

6.3.2. PCR Amplification.
A total of 20 PCR amplifications were carried out on 85 positive G.
brevipalpis midguts and 20 mouthparts. The results are presented in

table 6.1.
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Table 6.1. Results of PCR amplification for mid-gut (all other
trypanosoma species and mouthparts (T. vivax only) for specimens

PCR Number of Positives | Negatives | Damages

batches

T. congolense 7 7 (100) O (0) 0 (0)
(Savannah)
T. congolense (Forest) 3 0 (0) 2 (66.6) 1(33.3)
T. brucei 7 3(42.9) {4 (57.1) 0 (0)
T. simiae 1 0 (0) 1 (100) 0 (0)
T. vivax (mouthparts) 2 0() - 2 (100) 0 (0)

* Number in parenthesis is percentage (%)
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6.4. Discussion

A simple protocol has been developed to isolate trypanosomes from tsetse
fly midguts using dot blots on filter paper for PCR amplification. The
results open a way for a better understanding of the tsetse fly ecology by
explaining an anomaly, especially in the identification of trypanosomes in
the tsetse flies. The method was able to identify 100% T. congolense
(Savannah) the most important and common trypanosome in Zambia.
No T. congolense (forest) was found in the batches tested. This
trypanosome is rare though it has been reported and may not have been

in the batches used in this experiment (Bealby, et al, 1996).

It was interesting to note that 42.9% of the midgut positive batches
carried T. brucei trypanosomes ;_hough all th:: tsetse flies used in the
tests were negative for T. brucei from the microscopic examination results
because there were no trypanosomes defected in the salivary glands. A
composite sample made by collecting a few mictoliters from all the other
samples (purified DNA before the PCR reaction) was not positive fbr T.
simiae. It was also noted that no T. vivax was detected by PCR even
though the flies used in this specific batches. were froﬁ flies that were
found positive only in the motithparts by microscopic examination. There
are three possible explanations for this; i) The T. vivax primers failed to

amplify, similar failures were also observed by other workers (Katakura

et al., 1997; Solano, et al.,, 1995) or ii) The isolation protocol could have
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failed to isolate the trypanosomes from the mouthparts, But because the
concentration of trypanosomes used from the pooled sar‘nple batches was
very high, and that all the 10 tsetse flies were actually positive under
microscope examination, this is unlikely or iii) The trypanosomes seen in
the mouthparts were not actually T. vivax. It is reported that the
sensitivity of the PCR is so high that it was able to identify a positive
sample with only one trypanosome used for amplification (Katakura et
al., 1997). Clearly therefore, the failure to detect T, vivax is very likely to
be due to the primers or the trypanosomes ‘seen in the mouthparts could
have been some other species. The latter explanation can be supported
by the fact that all the tsetse flies dissected did not have trypanosomes in
the salivary glands and therefore disqualiﬁed. the presence of T. brucei
under the microscopic exami’nation resufts. However, the PCR
amplification indicated that 42.9% of the samples tested were T. brucei

positive. In fact there seems to be a high incidence of tsetse flies carrying

T. brucei than had earlier been observed. =

The finding with regards to T. brucei and T. congolense are in contrast
with other documented reports that 7. vivax is the most common
trypanosome found in the vectors followed by T. congdlense while, T.
brucei was considered to be very rare (Woolhouse et al.., 1993; Bealby et
al.,, 1996). It is also documented that the most common trypanosome

observed in wild mammals in the Luangwa valley is reported to be T.
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congolense followed by T. vivax and least is T. brucei (Keymer, 1969;
Dillman & Townsend, 1979). Similarly, the infection rates in goats in the
same area is reported that T. vivax is the most prevalen£ trypanosomes
followed by T. congolense and least is T. brucei (Bealby .et al.,, 1996). But
this was observed to be a result out of the expectation to that of Keymer
(1969) and Dillman & Townsend (1979) where the commonest
trypanosome was T. congolense. It may be speculated therefore that the
manifestation of trypanosomes in the mammalian host could have
species suppression phenomenon. Lubinga (1996) analysing blood spots
collected from -cattle in Petauke district using different diagnostic
techniques including PCR found that the proportions of the T. vivax, T.
congolense. and T. brucei trypanosome species affecting cattle were equal

though parasitological examination had indicated more. predominance of

T. congolense over the T. brucei and T. vivax.

The results in this study in fact contradict the widely held view that G.
brevipalpis does not carry T. brucei. In fact G. brevipalpis is a poténtial
vector of T. vivax, T. congolense and T. brucei, it has clearly been proven
that T. congolense and T. brucei are carried by G. brevipalpis. It would be
more interesting to find out the favoured mammalian host on which G.
brevipalpis feed frequently. Because G. brevipalpis is found near rivers, it

is not only a potential threat to livestock but to humans if they ventured

in their habitat and vice-versa
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Although this study was only a preliminary investigation of
trypanosomes infectivity in G. brevipalpis, the results obtained especially
on the identification of T. brucei in tsetse fly and G. brevipalpis in
particular, were very crucial to the understanding of the vector status of
this species. It is important that a more comprehensive‘ study be carried
out to ascertain the actual prevalence of the T. brucei infections and

prevelance of mixed infections in tsetse flies using PCR.
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CHAPTER 7

GENERAL DISCUSSION

The study of tsetse flies in the Fusca group should be stepped up
because the population growth rate of 4% for people living in the sub-
Saharan Africa is the highest in the world and the resulting pressure on
land for both arable and pastoral farming is increasing. The increase on
the land pressure will lead to contact between man, domestic animals
and tsetse flies which will result in out breaks of both huma;l and animal
trypanosomosis. Although land pressure in Zambia is increasing, it is
far from worrying due to the re-distribution of the population that has
occurred in the last 15 years which has seen increased urbanisation in
the country with about 50% of t}:e populationibeing urban or peri-urban.
Lusaka, the capital city, is the home to 20% of Zambians. This

redistribution of the population has in fact lead to the spread of tsetse

flies to areas which were previously settled but how are without people.

Since G. brevipalpis has been shown in this’ study to be restricted to
riverine vegetation, its invasion to agricultural land should be anticipated
especially in the Luangwa Vaﬁey. The introduction of the South Luangwa
Area Management Unit (SLAMU) has led to reduced poaching in the

GMAs leading to more tsetse fly hosts (wild animals) getting closer to
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human settlements and since most settlements are along rivers, the

importance of this species as a vector of trypanosomosis should increase.

The above stated situation means that while researching on G. m.
morsitans and G. pallidipes, G. brevipalpis should also be placed in the
main stream of tsetse fly research similar to that accorded with the other
two species. More effort should be particularly aimed at investigating
more efficient sampling systems for G. brevipalpis othqr than the present
artificial refuges and electric screen fly rounds. The use of artificial
refuges is restricted to the dry season while electric screen fly rounds can
not be used in the flooded riverine habitat durin’g the rainy seasons.
Developing a sampling system with an all year round use can help to
increase our efforts in underst;nding the eEology and control of G.
brevipalpis. It is recommended therefore, that more research should be
concentrated on elucidating the behaviour of this tsetse fly species when
it is near baits, especially on factors which affect its trap entry.
Investigations on the response of G. brevipalpis to natural ox—odour

should be able to increase our understanding on the response of this

tsetse fly species to odours.

Control of this tsetse fly species should be relatively easy duc to its
restricted habitat. It is likely that the use of insecticide treated artificial

refuges and targets can help to effectively control G. brevipalpis.
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While collecting data for this study over 100 blood spoté were collected
from fed G. brevipalpis to identify the sources so that pfeferred hosts are
known and by knowing the preferred host the diurnal & feeding habits of
the fly can also be known. In other countries, G. brevipalpis most
preferred host is the hippopotamus (FAO, 1980) whose nocturnal feeding
habits coincide with the times that G. brevipalpis is most active. These
blood samples are yet to be analysed. Until the bloodspots are analysed,
this aspect of the ecology of G. brevipalpis will remain largely unknown.
The question of whether or not G. brevipalpis practices a sit and wait
strategy or ranges in a wide foraging feeding habit ::an not be answered
easily without having the vital data on G. brevipalpis preferred host in

- S

the field.

The question of catch interpretation from sampling systems has been
brought out in its complexity - If you use artificial refuges in the riverine
vegetation as a measure of the population composition of tsetse ﬂies; G.
brevipalpis would be said to be the most abundant tsetse fly species with
G. m. morsitans and G. pallidipes being sparsely populated. On the other
hand, epsilon traps suggest that G. pallidipes is the most abundant
tsetse fly followed by G. m. morsitans with very few G. brevipalpis.

Interpretation of tsetse fly catch composition is therefore an extremely
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difficult thing to do even with the known sampling biases of the catching

systems.

The age structure of tsetse flies captured by epsilon traps and artificial
refuges unlike those reported elsewhere were §imilar. The age structure
was normally distributed around the average age and the bias reported
by other workers in the field (Hargrove, 1991, Vale, 1974b) especially
from traps was not observed. Traps were observed to sample more
females but the bias towards older females was not observed. The study
also confirmed the predominance of T. vivax and T. congolense in tsetse
flies on microscopic examination of the infected flies while T. brucei was
very rare indeed. Out of over 5000 tsetse flies dissected, no tsetse fly
had trypanosomes in the salivaryaglands but u;ing the PCR amplification
technique it was shown that about 43% of the midgufc infections in G.
brevipalpis were T. brucei. No further studies were carried out to find out

if the 43% included mixed infections with T. congolense.

It was also observed that G. brevipalpis behaviour towards traps, fly
rounds, electric screens and artificial refuges is unique to the other
tsetse fly. Hence, studies on G. pallidipes and G. m. morsitans can not be
extrapolated to G. brevipalpis or vice-versa and hence each of these tsetse

species effectively require independent study.
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