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VIII
hbstract

A year»romld ecological study of G, morsitans ugandensis was carried out
fram September 1980 to August, 1981 in the Finchaa River Valley in the
Western part of Ethiopia,

Three different sampling methods, namely Vehicle Patrol method, Screen/

Hand net method and Biconical Traps wers employed., All were found to be
effective. N

The mono~-species camosition, the wmimedal seasonal fluctuation and the

biphasic diel activity of the tsetse flies of the area were determined,

The effect of various factors (eg, climate, altitude, vegetation, etc.}
that interplay with the eco-distribution of this species of tsetse fly
waere statistically tested. Conditions related to temparatures, rainfall
vegetation and hush~fire affected the fly population &énd distribution.

The apparent density (A.D.) was high during and aftexr the rainy seasons
and low during the dry season. The sex ratio indicated that morc males
were captured with the Vehicle Patrol and Screen/Hand net methods while
the reverse was the case with the Biconical Traps.

The age structure of the flieg showed that moszt of the flies were in the
pre~yeproductive and reproductive stages.

Observations on the physiological condition of the flies depicted a very
high pronortion of hungry flies and a relatively low fed and pregrent flies.

Blood-meal analysis carried out on G.m. ugandensis in Finchaa showed man,
wild pig and warthog to be the main vertobrate hosts.

The infection rate of flies in the valley was low, although a fairly high
infection rate in cattle was observed on the edge of the escarpment.




1. TINTRODUCTION

Trypanosaniasis is a very serious and deadly discase of man, cattle and
other domestic animals, African trypanosamiasis'is confined: to ccuntrics
gouth of the Sahara., The arca affected is an ecnomous block of the African
land mass extending from approximately 14% to southern Angola at 29%% , with
continucus and isolated areas of infestation (Ford, 1970). The ramifications
of the trypanosomiasis problem are immense and the diversity in different
circamstances is inmuamerable, Trypanoscmiasis of man and animals oonstitute
not only a health hazard but also imposes a major - constrain on livestock -
production and general agricultural development, An estimated 10 million
square kilamcters, or nearly a quarter of the area of the African continent,
is largely denied to cattle and indeed to many other domestic animals. Apart
from this, the production of comcdities (eg. sugar, cotton, ete.) and energy
(eg. electricity) for local usage and/or export 1s hampered.

The importance of trypanosomiasis has long been knowm to the African stockman.
However, it was not until turn of the century that the presence of small, highly
motile, flagellated protozcain the blood of infected cattle was observed by
research workers., Observations carried out between 1895 and 1905, and thereafter
established the identity and significence of these organismss as the true cause
of cattle trypanosomiasis (Nagana) and human trypanoscmiasis (slecping sickness)
within the fly belts. Studies on the morphology of the parasites and the type
of the diseases they cause rcvealed that there were at least two distinct

" species of tryvanosomes (T. rhodesiense and T. Gambiense) parasitizing man

and threc other species of trypanosames (T. brucei, T. vivax, T. congolense)
parasitizing cattle. These parasites also showed marked difference in their
virulence to their hosts., Other Trypancsama species also parasitize such
animals like crocodiles, bats, xodents, etc. (Mulligan, 1970). T. Simse

T. suis affoct pigs and many other trypancsames infect other animals.

In cattle the two most important are T. congolense and T. vivax. Both may
cause either mild and chronic infections or acute and fatal disease
(Malligan, 1970). T. congolense is sametimes regarded as the cause of the
greatest economic losses due to loss of weight and death of cattle, while
T. vivax more usually causes nild diseasc. However, the roles of these




parasites mav be reversed in different areas. ‘fhe disease caused by
I. brucel, in cattle, is often of little mathological significance.

In man, sleeping sickness is caused by T. ganbiense (Gambian sleeping
sickness )and T. rhodesiense (Rhodesian sleeping sickness). The Gambian
sleeping sickness is found in different areas of west, central and east
Africa. T, gambicnse infection in man is chronic and is transmitted by

the palpalis Group of tsetse flies, T. rhedesiense infection, on the other
hand, develops more quickly in man and is mainly transmitted by the morsitans
Group (Mulligan, 1970; Ford, 1971).

Plate - 1 Corn and Sorghum plantation scheme in the Fincha valley
(Maize grown by the state farm is in the foreground).




Transmission of trypanosames from manmal to marmal is effected mainly by
blood-sucking flies of the order Diptera, In Africa the most important
biological vector of trypanoscmes belong to the family - tuscidec, the
sub-family Stomoxydinae and the Cenus = Glossina (Wiedemann ~ 1830)

the comxn hame being the tsetse flies, In these flies the tryovanosomes
usually multiply and undergo a commlex develonwent before they are
transmitted to a susceptible host, Species of tsetse may remain infective
to mammals for many weeks, and one fly may nass on the infection to many
animals, However, the same flies have the capacity to tranamit the parasite
mechanically,

There are 22 different specics of tsetse flies in Africa to-day (Buxton,

1955; Mulligan 1970; Ford, 1971; FaD, 1982)., Both sexes feed on blood of
vatebrates, particularly of menmmals (Buxton, 1955; WWeitz, 1963} Mulligan,
1970; Ford, 1971). ‘

The genus Glossina is divided into three qgroups (Buxton, 1955; Mulligan,
1970; Ford, 1971; FhO, 1979}, namely, fusca Group (Forest tsetse), the
palpalis Group (Riverine tsetse) and the morsitans Group (Savannah tsetse).
The geographical distribution of species belonging to these three groups
has been shown by Ford and Katondo (1977). There are oertain well defined
limits-to the spread of tsetseflies, The northern limits gemerélly
correspond to the line where the mean apnual rainfall has fallen to

78 am and to the north of which these is drought for half of the year,
Elsevhere, altitude, presuably correlated with temperature, scts a

limit at 1,800 meters (Jaenson, 1978),

The Finchaa River Valley in the Ahai Chamen Woreda, Horogudru Awraja,
Wollega Administrative Region, was chosen as the study area, on the grounds
that it was a very fertile area with immense mtentialfor vast agricultural
development.

At present there are eleven actively developing mechanised farm schemes
producing over 120,000 quintals of corn and sorghum a year (see plate 1),
a newly-established sugar plantation unit, and a sugar factory under
construction, right in the heart of the valley. One of the largest
hydro-electric—power stations in Kast Africa is located just below the




escarrnent of the Finchaa Valley, which is within the fly kelt. Moreover,
new settlavent programes and additional agricultural develomment schemes,
which are of prime importance to advance the national econamy, are under-way
in this area resulting in a large influx of nopulation, The valley is also
rich in other resources, with a variety of game animals, honey, timber and
firewood. These attract hunters, honey and wood gatherers,

In spite of such an immensce notential, the presence of a large number of
tsetse flies and other biting insects in this area might have, in the past,
rendered this area inhosgpitable to cattle and other damestic animals, human
settlanent and development.

With this in the backqground, the prasent study attempts to clarify matters
pertaining to the identity, biology, ecology and importance of the tsetse

flies of this region.

This investigation was carricd cut between September, 1980 and August, 1981,

2. LITERATURE REVIEW

HISTORICAL COWNTEXT OF THE TSPISE AID TRYPANQSOMINSIS PROBLEM

Fossil tsetse of sawe 50 million vears ago have been found in Nordh America
in the Miccene shales of Florissant, Colorado, although these flies are now
confined to Africa south of the Sahara and to Yemen (tulligan, 1970). The
extinction of prehistoric horses and camels in North Awerica might have been
a result of tsetse-transmitted trypancscmiasis (Nash, 1969) .

In 159 travellers complained of the terrible trials which they had suffered
and announced that all their horses had perished (Nash, 1969). In 1770 Jawes
Bruce of Kinnaird reported a biting insect called the 'Ziml' in Ethiopia; this
ocould have been either a stable fly or a tsetse. In 1830 two taxoncomists
described two species of tesetse from specimens brough back to Burope by
travellers (MHash, 1969; Buxton, 1955), Later on, in 1837, the presence of
tsetse was confirmmed fram South Africa (Buxton, 1955). The name tsetse oomes
from a Botswana (Bechuana-land) word which refers tc a fly destructive of
cattle and is probably ocnomatcpoelc suggesting a buzzing sound (Nash, 1969).




Explaining the tsetse problem Major Vardon wrote: "I have ridden up a hill
and found tsetse' increasing at every step, till at least forty or fifty
would be on my horse at once. The specimens you saw cost me one of the
best of my stud. He was stung by scne ten cr a dozen of them, and died in
twenty days" (Nash, 1969).

In 1857 another explorer, David Livingstone, lost forty three oxen hecause
of tsetse flies. In 1864 Kirk, suspectaed the flies to cause a killing
disease of animals., In 1880 clues to the understanding cf the 'Naganal
prchlem were available (Ford, 1971). In 1895 teetse flies and trypancsmes
hecamz incriminated.

In 1894, while in the Zululand, Surgecn Major Bruce, found trypanoscomas in-the
blood of an animal suffering fram nagana. Nagana is a Zulu word which
signified 'a state of depressed spirits' (Nash, 1969).

Later on, in 1902, Surgecn Ford discovered a trypancsame parasite in the
blood of a man (Langridge, 1976). In 1903, Castellani reported that he had
found trypancsanes in the cerebro-spinal fluid of 70% of sleeping sickness
cases in Uganda (Ford, 1971). The parasite was named as Trynanosana ganbiense
by Patton in 1903 (Buxtcn; 1955; Nash, 1969; Ford, 1971). In 1909, Hearsey
volced his suspicion that there ware two different types of the human disease.

In 1912 Sterhens and Fantham described a trypanosane from a patient in
Rhodesia and nameed it Trypanosora rhodesiense (Nash, 19692; Ford, 1971).

TRYPANOSOMIASIS IN ETHIOPIA

Historical account. Trypancscmiasis in Ethicpia had been noted by early

explorers and travellers, who lest their transport animals in the fly-challenge
Lelts. In 1895 Donaldson Smith made the earliest record of Gendi (Nagana) in
his transport animals which got infected while orcssing the Cendi fly (tsetse)
belt in southern Bthiopia (Langridge, 1976). Nine years later, Brumpt (1904)
reported in the Ogaden (south east Ethicpia) cne form of bovine trypanosamiasis

which was called "Aino" and which was readily transmitted by Glossina longipennis,



Later on, in 19235 - 36 the Instituto Siero Vaccinogeno reported the
existence of T. evansi (7. soudaneise) which causes -~ surra and T. vivax

(T. cazalboul) which causes negana. ‘Two years later, an Italian
veterinarian found kovine trypanoscmiasis in Wellega Administrative Region,
in the western part of Ethicpia ( Langridge., 1976). Just abcut the middle
of the 20th century, T. vivax was described in Shoa Administrative Region.

Later on, the death of cattle due to hovine trypanoscmiasis was reported in
Ethigpia by Bannister in 1957 (FRO, 1957). Subsecuently, Peck (1959) noted
the infestation of huge parts of western Ethiopia by tsetse flies and
trypanosames whicl'{ denied those areas for aniwal husbandry. Considering
the seriocusness of trypanosaniasis in Ethionia, Otte (1961) pointed cut
the need to destroy the vectors.

In 1962 the cattle survey in southemn Ethiopia, by the Livestock Divisicn,
established that bovine trypanoscmiasis had hecce a major cattle disease
in the Omo Valley. '

As far as human trypanoscmiasis (sleeping sickness) was concerned, 11 cases
were found in 1967 in the Cambela area during a routine investigation for
malaria (Baker et al., 1970, McConnell et al., 1970)., Moreover, a sericus
outhbreak cof sleeping sickness was sustained in this ond swrrounding areas
from 1967 to 1970 (Hutchinson, 1971).

Fram 1971 to 1976 a survey of the distributicn of tsetse fly and the
prevalence of animal tyypanosciasis was conducted in Ethiopia (Langridge,
1976). According to him, cut of thz 14 Administrative regions 7 (Wellega,
Kaffa, Gam Goffa, Illubabor, Sidamo, Gojjam and Shoa), had both tsetse
and Nagana.

Right after the survey programme, a study cn tsetse and bovine trypanosomosis
control has been cenducted (Ford ot al., 1976).

In 1969 the joint FROAMO Expert camittee on African Trypanoscmiasis
evaluated the disease and declared the immediate need for the control of
the vector and the disease in Ethiopia.
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Furthermore, the 1979 = WHO/FRO Technical Penort series hasg listed
Ethicpia as onc of the most affected nations of Africa.

DISTRIBUTTON OF IMPORIANT TRYPANOSOMES IM ETHIOPIA (after Langridge, 1976)

a) T. vivax - This species is found in almost every vart of Ethicgpia.

b) T. congolense This species is very cammcen in Ethicopia, but not as
widespread: as T. vivax. '

c) T. brucei gambiense, - This species was suspected to occcur amcngst

the Mursi people on the lower Omo about sixty years ago., Its present
status in Ethiopia is not certain.

d) :_I;[ brucei rhodesiense - This swecies is important in EBthicpia and vas
responsible for.a very serious out-break of slecning sickness in Ganbela
Awraja bhetween 1967 ~ 1970,

e) T. evansl - This species prevails in eastern and southeastern part of
Ethicpia.

BACKGROUND O THE TSETSE FLIES IN ETHIOPIA

hpart fram this, carly reccrds of tsetse in Ethionia have been documented
by Balis and Bergecn in 1270.

According to their report, the existence of tsetse flies (C,longipennis)
in Ethicpia had been reccrded in 1895 by an Italian worker, bhasaed cn insect
collections made in 1893 by Capitain Bottego alcng the Welmal River.

Balis and Rergeon (1970), Langridge (1976) and Ford et al, (1976}, indicated
the nresence of six snecies of tsetse flies in Ethicpia. These belong to the

fusca, palpalis and morsitans groups.

A. The fusca Group

™wo species of this group have been recorded from Ethiomia by Langridge
(1976) . These are Clossina longipecnnis and Glossina brevipalnis.

a) Glessina longipennis Corti, 18695,

This species was identified in 1895 fram an insect collection chtained
alcng the Welmal River in Ethicpla. It was also recorded by Peel
(in langridge 1976) in the sarx year in the Ogaden, arcund Burfurlch




and Biexrmudde arcas, especially aleng the Doghato River which ig a tributary
of the Wabe Shebeole River. Once again, it was rorcrted near the Juba River

by Brumpt (1%04) and Drake Brokmem (1910) scme 20 vears later Chidini. (1930)
‘ reported this spacies to occur near Lake Abaya (L. Marquarita).

lately, Langridqe (1976} showed the existence of this species in various
parts of Gemugoffa and Kaffa Administrative Regions. This has been further
verified by Ford et al. (1976): lately Fuller (1978) caught G. longipennis
actively biting at night.

b) Glossina brevipalvis Newstead, 1910.

The only record of this species is fram the lower Omo, in the Gamugoffa
Administrative Region. However, Langridge (1976) was not able to find
this species from this region, or anywhere else in Ethiconia,

B. Morsitans Group

Here again two species of this group have been recorded from Ethiopla
by Langridge (1976). These are Glossina pallidines and G, Morsitans

wjandensis,

a) Glosgsina pallidives Austen, 1203

During the vear 1936 Moggridge recorded the presence of this specles
along the Wabe Shebele River. In 1938, Roetti alsc recorded its presence
aleng the Didessa and Birbir Rivers in Wellega and along the Akobo River
in Illubabor. In 1956 Ovazza found G, nallidipes alang the Cojeb River
in Keffa, Recently, Langridge (1976) showed the wide distribution of the
species in Camugoffa, Kaffa, Shoa and Illubabor Administration regions.
Ford et al, (1976) have showed the distribution of this species in
Ethiopia. Fuller (1978) also ccllected G, pallidipes fram the -

socuthern part of Ethiopia.

b) Glossina morsitans ugandensis Vender plank.

G, morsitans was first recorded by the Ttalian investigator Di demazzo
in the Didessa Valley in the Vellega Administrative Retion and near Lake
Awassa in the Arusi and fidamo Administrative regicns in 1937. The same




c)

a)

b)

year Roetti found it along the Birbir, Chibise and Berber-Uaha River
in Wellega and Kaffa and on the Akeho River aleng the Sudan border in
Illuhabor. In 19238, Caccavella confined the existence of this species

in Awassa (Balis and Bergeon, 1966; Langridge, 1976).
Later work by Ralis and Bergecn (1966), Langridge (1976) and Fuller

(1978), indicated the existence of this species in varicus parts of Gojjeam,
Sidamo Shoa, Wellega, Kaffa, Illubabor and Cami Gofa Administrative Regicns.

Palpalis Group

Langridge (1976) also recorded twe species of the group fram Bthicpia,
These are Glossina tachinoides and Glossina fuscines fuscines.

Glosgina tachinoides westweood, 1850.

In 1939 Ghidini recorded this species on the Barce and Gilo River
in Illubabor Administrative regicns.

In 1956 Ovazza also found this species in Illubabor but along another
river, the Akcbo., ILangridge (1976) mentioned that Balis and Bergecn
(1970) had recorded this specics fram Didessa in the Wellega
Administrative region.

Furthemore, one male fly had been found near Wanago Village near Della
in the Sidamo Administrative Regicn, The species was also recorded con

the Jakau River in the Illubabor Administrative Region.

Glossina fuscipes fuscines Newstead, 1910.

This snecies was first recorded by Brumpt in 1910 fram the lower Qmo
river. In 1937 CGhidini found this species arcund L. /Awassa in Sidamo

and also on the tributaries of the Akobo River in Illubabor. Furthermore,
in 1938 Beetti found it along the Didessa River in Yellega and Bixbir
River in Illubabor. TLater on, Ovazza (1956) found this species on the
Ghibi (Upper Cmo) River. |

According to Langridge (1276), Balis and Bergecn (1970) and Fuller
(1979), this species has heen recorded arcund various rivers and streams
in Gamu Coffa, Sidamo, Wellega, Kaffa and Shoa Administrative Regions.
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CLASSIFICATION AND BIOLOGY OF "PSETSE FLIES,

The genus _glogsina is divided into three grcuns (Hewstead, 1911).
These are 1) the fusca Group 2) the palpalis Group, and 3) the morsitans Group,

each gqroun is further divided as follaws (Buxton, 1955; Macllenen, 1975;
FAO, 1982).

The fusca gkoup is mainly restricted to west Africa where as certain species
of the palpalis and the morsitans Groups are of imoortahce in the tranamission

of human anl animal trypantscmiasis in Bast Africa including Ethiopia.

The life-cycle of all tsetse species is basically similar (Buxton, 1955).
After a successful matiﬁg, which usually takes place within the first week

of life and need not occur again therecafter, the famale stcres a supply of
sperm vhich is used to fertilize the eggs as they are produced. The eggs

are produced singly at intervals of about ten days, Each ogg hatches in the
uterus where larval develcrment and maturaticn occur before the next ovulation.

On ccampletion of its development, the larva is deposited on a suitable
substrate (eg. in lcose scil under rocks, logs or troes) and quickly buries
itgelf to a depth of 20 - 30 nm. This form of larviparcus repreduction,

as opposed to the oviparous methcd, is an wnusuval feature confined to a
minority of insects of which the tsetse is one. This means that the potential
nopulacion growth rates of tsetse flies are relatively low, Pupation ocours
almost imediately after burial and subsequent metamorphosis takes place during
the following four to five weeks, when the adult fly ancrges. The timing of
all these events is variable and strongly teperature-dependent. The newly
emerged fly, which will feed exclusively on vertebrate blood, takes its first
meal within four days and must continue to feed every few days for the rest
of its life. Under laboratory conditions, famale tsetse may live up to five
months but in the wild, the natural span is unlikely to be more than three
rmonths, It is probable that male flies do not survive as long as this.

LIFE CYCLE OF TRYPANOSOMES IN TSETSE FLIES

In infected flies, the trypanosames ingested with the blcod-meal undertake a
cycle of develcoment. They perform a series of morphological changes, before
assuming a form knovn as the epimastigote., Eventually these give rise to
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metacyclic trypomastigote formg, which infect the vertchrate host.
Metacyclic forms eventually enter the mouthparts or salivary glands ancd
fran hers get inoculated into the vertebrate host when the €ly feeds
(Mulligan, 1970, Hotre, 1970, Putt ct al,, 19680),

The development cycle of the trypanosares within the tsetse fly varies
according to the different sub-genera of trypenosces. The simplest
developiment cycle occurs in the subgenus Duttonella which includes
Trypanoscana vivax and Tryovanoscma unifome.

In the subgenus Duttonella, the trvpanosanes ingested with the blood-meal
attach themselves to the wall of the fly's proboscis; here they develop
into the epimastigote form, lkefore invading the hypopharynx and developing
into the infective matacyclic form. Trypanoscmes vhich fails to becave |
attached to the proboscis pass into the mid-gut and are digested.

In the case of the sub~senus Trypanozoon which includes T. brucei,

T. rhodesiense and T, gambiense, the trypanosames upon ingesticn go into
the endcperitrophic space of the mid-qut, an area which extends from the
cardia (proventriculus) to the hind gut., The parasites then go behind the
free end of the peritrophic membrane and enter the ectoperitrceshic space
where they multinlys: Fram here they travel forward into the proventriculus.
At this regicon they nenetrate the thin peritrophic membrane and re-enter the
endoperitrophic space, The parasites mave further antericrly into the
esophagus, the pharynx and the tip of the hyncoharynx through which they
gain access into the salivary glands. Here the trypomastigotes first develop
to epimastigotes and eventually to metatrypanosomes.

In sae instances, Trypanozoon trypanosames do not camplete their life cycle
and may disappear spontancously or appear incapable of invading the salivary
glands (Putt et al., 19€0).

Develomment of the trypanoscmes of the sub-gonus Nannorchas, namely )

T. ocongolense and T. simiae, follow ruch the same sequence in the fore - and mid -
gut regions as that cf the sub~genus Trypanozcoon. However, trxypanosanes of the
subgenus Nanncmonas do not finally enter the salivary glands but becane attached
to the walls of the prchoscis and develop first to the epimastigete stage and
later to the infective metatrypanosane stage {(Mulligan, 1970; Putt et al., 1980;
Hoare, 19%64)., The classification of the mammalian tryvpanosomes in Africa was
given by Mulligan (1970) and Hoore (1970),
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FACTORS AFFECTING THE DISTRIBUTTON OF VECTORS

Three main factors affect the distribution of vectors. These are
temperature, moisture and food,

A,

Temparature

As stated by Andrewartha and Birch (1954) ;many noikilothermous

animals have sigmoid temperature - development curves, As a result,
develomment slows down at higher temperatures and increase in temperature
is not positively co~related with fly capture (Glasgow, 1963). At about
35% develcpment starts to slow down in Glossina.

The relationship between pupal development and temperature was explained
by Bursell (1960) and also vividly stated bv GQlasgow (1963). According
to them the relaticn between tawerature and the duration of pupal
develomant is not the same as the relation between temperature and
metabolic rate. This is crucial in that the energy for metabolisna

is provided from the fat already stored; this fat supoly cannot be
replenished until the eamerged adult cobtains its first meal.

It wag further clarified by Glasgow {1963) that the duration of
develomment and metabolic rate seem to be in balance at 22° ~ 24% and
the emcrging adults begin their free life with maximal reserves of fat.
Morecover, the interval between larvinosition and amcrgence is 31 days

at 24°C, Fram this the interval at other temperatures can be calculated
1 x 1

0.0323, - 0.0028 (+24)
temerature of maintenance (Jackson, 1924%; Glasgow, 1963), 2t lower

tamperatures the speed of develomment is related mere to the speed of
fat consumption, in other words, a long develorment pericd requires
higher fat consuption. By the time the adults amerge, they have less
fat left in them, At 14°C, which is the lower threshold for successful
development, the fat is readily consumed before develomment is copleted

where t is the mean

by the fommla

(Glasgow, 1967). Converscly, at higher tamperatures, the speed of fat
oonsunpticn is accelerated mere than the speed of develoent., Thus if
it is tco hot, the fat reserves are exhausted before development is

caplete,
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Nash (1942) studied the distribution of punaria the correct word is
pupiparium of G. morsitans submorsitans in a 'residual forest island!

in northern Nigeria. He observed that during the cold seascn (in December)
puparial develcrment took about 45 days in the grcund and was oonfined to
the edge of the forest. In January small numbers were found in the centre

of the islands, and hy April they had almcst disappeared frem the edge

and had concentrated largely in the centre. In the meantime, the soil
tamperature had risen frcm 18°%C to 26%C in the centre, with 23 davs of
developmental peried in the ground, At the edge of the island the
temperature had risen fram 18°C to 29°C providing 22 davs of developmental
period, Fram this it is pessible to take tcmperature as a limiting factor

in the distrihuticn of tsetse flies (Glasgow, 1963). This was also realised
by Nash (1942}, as the tamerature at the odge of the forest was so high that
a substantial proportion of the puparia exhausted their fat reserves and died
before they were able to emerge.

Puparia which began life in the centre of the forest may camlete development
in the cooler conditions withcut any sericus losses when campared with those
at the edge (Nash, 1942). Thus by depositing pupae in the centre of the
forest island, these flies saved their own lives and those of their offspring.
Probably this was the reason for the move (MNash, 1942; Buxton 1955), The
actual stimulus which caused the individual flies to move into the centre was,
however, the negative phototaxis operating at temperatures above 30 = 32°%.

Another effect of tamperature has been mentioned by Mash (1937) and cited by
Glasgow (1963). The fomer stated that G. tachinoides wore most active at
about 29°C., From October to February the mean maximum tamperature in the
habitat of this species was 28° - 31°C, and during this secason maximm
catches were made in the middle of the day, when temperature was highest.

In March, April and May the maximum tewperature was about 36°C. During

this hot season the highest catches were made early in the momming and late
in the afternoon, the fly being inert at midday. Smaller catches of

- G, morsitans submorsitans appeared to show the same cvele, but less clg:arly.

At extremely high temperatures, cne could not determine vhether adults or
puparia are affected (Glasgoy, 1963). However, Kondrew (1953) cited by
Glasqgow (1963) suggested that it is the effect of the cold on the puparia
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rather than on adults which limits the distribution of Glassina in Southern
(Zimbalme) Rhodesia, Apart fram this, the uooer altitudinal limit should he
taken into consideration, since during the ccol season the flies are -

known to be inactive (Jackscn, 1955). On the other hand Bursell (1960),
menticned instances in Bast Africa where in mixed fly-belts the larger
species tolerated the altitude, vhich suggested that it was the effect of

a low mean tamerature cn puparia which was critical.

In general tems, it secms that in the life cycle of Glossina nc particular
stage of develomment is susceptible to tawperature (Glasgow, 1963;

Malligan, 1970; Ford, 1971). If temperatures are high and approach the
lethal values to adults, successful camletion of development of the

puparia in the soil is out of the question. When temperatures are extremely
lowr, and when the pericd of dicl activity is severcely limited, again the
mean tamerature is likely to inhibit the nuparial development (see Glasgow,
in Malligan, 1970},

B. MOISTURE

Bursell (1958) studied the water-balance of the immature stages of tsetse
flies., For a better understanding of this subject the develomment of the
puparia in the soil is of paramount imprortance (Glasgew, 1967). The large
larva which is deposited by the mother fly is in fact a third instar larva,

It is the integument of the third instar larva which becomes rigid and

darkens to form the puparial shell., At this time water can be lost through
the polypneustic lobes, which are connected with the inner tracheal system
within the puparial shell. At 25°C the third instar mcults to the fourth
instar in one day. According to Bursell (1958), during moulting the third
instar larva is first retracted from the inner surface of the puparium and

the tenucus integument of the fourth instar. The tracheal system is still
connected with the polyrneustic lobes, and the gut of the third instar larva
is connected to the exterior surface of the puparium by way of the third
instar anus. At this stage water can be lost through the polypneustic lcbes
and through the general intequment, Any molsture getting into the space
between the fourth instar integument and the puparial shell rmust first diffuse
through the puparial shell before it is lost to the system, WYater can be lost
by excreticn thrcugh the anus, but this loss is wnder active contrecl. If the
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third instar has been kept in moist air, logses from excreticn are relatively
high in the fourth instar, but the reverse would hold true if the old instar
is kept in dry air (Bursell, 1958; Glasqgow, 1963). In Glossina morsitans
morsitans, the mechanism cawpletely camwensates water losses at humidities of
betveen 40 percent, and 100 percent. Within these limits the water content
at the time of pupaticn is constant (Glasgow, 1963). But at huniditics
belaww 40 percent, more water is lost by transpiration than is axcreted;

campensation is therefore inconpmlete and the waten content is reduced to a
subnormal level (Bursell, 1955)., The fourth instar lasts about four days,
meaning that the true pupa actually appears five days after the fomation of
the puparium, There are two possible routes for the escape of wvater from
the pupariuwn, These are the integument and spiracles. Spiracular losses
are wmder control., Therefore less water is lost fram an individual

(3rd or 4th stage) that has been previcusly exposed to low humidities than
from one exposed to high humidities (see Bursell in CGlasgow, 1963).

Bursell (1960) examined the various ways in which this resistance to
dessication coculd have developed. He found that the active mechanisms,
i.e., excretory regulation and spiracular requlation, could not be
respcnsible, since they are well-developed in both susceptible and
resistant species. Finally, mere size is advantageous (Mulligan, 1970).
G. longipennis weigh more than 4 times as much as G. austeni, but the
surface area of the puparium is less than 3 times that of the latter,
Thus, even with equal permeabilities, a species the size of C. longipennis
would be considerably more resistant than one the size of G. austeni
(Glasgow, 1963). In some species resistance to dessication is attributed
to the puparial shell and size of the pupa of tsetse flies.

Same specles of Glossina suffer heavy mortality if the puparia are

exposed to a relative humidity of less than 80% while cthers tolerate
completely dry conditions. (Glasgow, 1963) is of the oninion that water-
proofing seems too inportant to be dismissed so lightly, even if sufficient
evidence is not available. BHe, therefore, nroposed to leave the matter cpen,

On the other hand, the water proofing of varicus species, in relation to
their habitat, would not be of value if the tsetse puparia are localized in
areas where the humidity is close to saturation (Glasgow, 1263).
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Buxton (1955) stated that the atmesphere of the soil snaces may be very
nearly saturated even vhen the =soil is appavently dry,

Jackson (1945) carried out field experiments vhich led him to support the
hypothesis that pupal water balance would be a limiting factor in the
occupation of dry enviranments,

An adult emerging fram the puna may take 3 or more days hefore it takes its
first blocod meal., The fat and water reserve at this stage is demendent on
 the reserves it brings forward from the mmal stage (Mulligan, 1970) .

If a teneral fly is kept starved at a relative humidity of 80 parcent,

it will soon die, after exhausting its fat., On the other hand, if this fly

is kept at 0% R,H. it will die of desgicaticn even if it has substantial
reserves of fat (Bursell, 1957a & 1970). Therefore, a tsetse must feed
within a very fow days of emergence; if it fails to do so it will die, The
immediate cause of death may be shortage of fat or shortage of water

(Glasgow, 1963). A resting teneral fly could control the rate of water loss
fram the body by closing the spiracles to scame extent; the governing factor is
the actual ambient hunddity (Glasgow, 1963), Camparing flies in flight and

at rest, Bursell (1963) fcund that in flight the oxygen consumption increased
by a factor of 22, but water loss increased by a factor of only 6. Thus, other
things being equal, in 24 hrs. a tsetse which flow for 35 minutes would lose as
much water as a resting f£ly would in 26.9 hrs. The corresponding fat consumption
would be the equivalent of 36.8 hrs. resting consumption (Bursell, L(&Q)

In the case of non~teneral flies the main source of water is obtained fram the
blcod meal. As shown by Glasgow (1963), atmospheric humidity is not so
important for adult tsetse flies. This view is, however, .in contradiction

to works of Nash (1933) and Jackscen (1948),

C. Focd
Tsetse flies are known to feed on a wide variety of vertchrate hosts.

Same examples of the hosts include bushpig, bushbwuck, varthogs, rhinocceros,
elephant, buffalo, hippopotamus, giraffe and gazelle (Glasgow, 1963). Host
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gselection mechanisms are also variable end species-dependent (Glasgow, 1963;
I-ﬁllligan, 1970; FOJ.’d, 1971' Put, G’L al }.98()? Onyia}l' }.9&))-

3-— STUDY AREA

3.1 Geography

The Finchaa River Valley is in the western part of Ethiopia, in the Vellega
adninistrative district, latitude 9°0 N and longitude 36°75'E (see MP 1),
Finchaa is actually scme 285 kms west of Addis Ababa, The valley is estimated
to cover 2,000 sq. kms, of land. The altitude cf the valley ranges fram

1600 m to 2200 m above sea level, The slope in the valley has an average
gradient of 1:20. The Finchaa river passes hetween Horo Gudru and awpties
into the Abay River (the Blue Nile),

As a result of the sharp drop in altitude, the vegetation of the area shows
significant altitudinal zonation.

The fly sampling area starts at an altitude of 1980 m above sea level where
the tsetse flies are comonly found and descends to 1680 m (Fig 1; plate 2 and 3).

3.2 Climate

The mean monthly temperature of the valley is 31.370(3, the mean monthly percent
relative hundity is 49,76 and the mean monthly rainfall is 3.3, The big rainy
season 1is in June, July and August and the little rainy season is in April.

The hot dry season extends from December up to March.

3.3 Vegetaticn and Macrovertebrates

The study area has been divided into five distinct zcnes based on the types of
vegetation that are encountered (Table 1).

Zone five is open grassland without woody vegetation. The grasses consist of
Andropogen 8P Chlous sn. , Hyperrhenia sp. and Pemnisetum, sp.  The area is L
tamporarily water lcgged during the rainy season, making it unfavourable for
trees,
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Aerial photo of the Finchaa River Valley

Plate Z




Aerial photo of the Finchaa River Valley

Plate 3




- 21 -

Bush fires are conmen in zones three, four and five, %2omes three and five
are the zones most affected by the fire, as these areas are largely covered
by grasses and herbs.

TABLE - 1 - THE FIVE VEGETATION ZONES OF THE FINCHAA RIVER VALLEY,

Horizontal Tyoe of veq. Camosition of veq.
Distance
2 kms Thick riverine Podocarpus gracilior
forest Ficus cycamorus entada sp.
Chroton machrostachyus
Zong I Pygium africanum

Phcenenix reclinata
Svzigium geuneense
Alcphyles africanus
Cordia africena
Acanthus eminens
Phyragmites sp.
Ocimum sauve
Polygonum rupellianum

2 kms Onen weod = land Terminalia browenii
Cunbrltum glaucesceus
Cassia singuana
Sterculia sp.
Cusscnia sp
Etereosparmum Kuntainum
Zone II Pleostigona toningil
Oxytenaria sp.

Grewia bicolor
Zezyphus spinichristi
Solanum incanum
Bidens sp.
Hyrerrahenia sp.

2 kms Woody grass Creviia bicolar
land Maytenus sp.
Securidaca longipedunculata.
o ] Nxytenaria sp.

Terminalia browenii
F Cumbretun glauscens
Zcne IXIX Polistioma toningli
Cassia sinquana
Gardenia lutia
Acacia seyal
Hyperrahenia sp.




- 21 -

Bush fires are common in zones threce, four and five. 7%omes three and five
are the zones most affected by the fire, as these areas are largely covered
by grasses and herbs.

TABLE ~ 1 - THE FIVE VEGETATION ZONES OF THE FINCHAA RIVER VALLEY,

Horizontal Type of veq. Cenposition of veq.
Distance
2 kms Thick riverine Pcdocarmus gracilior
forest Ficus cycamorus entada sp.
Chroton machrostachvus
Zone I Pygium africanum

Phonenix reclinata
Syzigium geuneense
Alcphyles africanus
Cordia africana
Acanthus eminens
Phyragmites sn.
Ocimum sauve
Polygonum rupellianum

2 kms Onen wood -~ land Terminalia browenii
Cunbritum glaucesceus
Cassia singuana
Sterculia gp.,
Cussonia sp
Stercosparnum Kuntainum
Zone IT Pleostigona tondngil
Oxytenaria sp.

CGrewia bicolor
Zezyphus spinichristi
Solanum incanum
Bidens sp.
Hynerrahenia sp.

2 kms Woody grass Creviia bicolar
land Maytenus sp.
Securidaca longinadunculata.
o 4 Oxytenaria sp.

Terminalia browenii
' Cunbretun glauscens
Zone IIX Polistioma toningii
Cassia singuana
Gardenia lutia
Acacia seyal
Hyperrahenia sp.




{B)
Plate 4 ~ Zone IV (A) and (B) Zone V in the Finchaa valley (foreground only)
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Table =~ con't
torizontal Type of Veq, Camosition of Veg,
bigtance ' :
2 kms Cumbretum Teminalia brownii
' grass—land Anogesiug leccarpa
Zone IV Cunbretum glangcens
Cassia singuana
Acacia gieberiana
Gardenia lutia
2 kng Open grassland Andropocgon sp.
Zone V . Chloxis sp.
, {1 Byoerrhenia sp.
Pennisetum sp.

The Finchaa hydro-electric power station, the eleven mechanized famm units and
the Finchaa sugar factory project and the sugar plantation estate are all found
in this valley and close to the study area (Man 1). Moreover, over 2,000 |
pecple live on the state farm schamwes and an additional three hundred work at
the Finchaa sugaxr factory project and on other nlantaticns.

. It is important to note that most of the people who work in the various
" projects often move up from the valley to Fincha towm cn the escarpment,
either for work or for weekly shopping.

On the edges of the escarpment (about 2200 m.) infected cattle are found and
the risk of infection may be very high in such places. However, as cne

gbes down the valley cne can hardly find any live-stock: cn the contrary,
wild animals are abundant.

Fram my own Obgervation and from interviews I had with local people who live
and worked in the valley for years, the follocwing are the most common animals
(Table 2 and Plate 3).
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Table (2) - Types of animals that are exmoected to he found in the Fincha Valley

English Scientific Name . " Remarks
Warthog Phacochcerus acthonicus
Duiker Cephalopus sp,

Jackal Canis aureus

Colobus monkey Colobug abyssinicus ]
¥Francolin Francolinus sn.

Guinea Fowl ' Numida meleagris macroceras
Civet Viverra civetta

Porcupine Hystrix sp.

Hy xrax Prccavia capensis

Lion Panthera Leo

Teopard 4 Panthera pardus

Mbyssinian Hare Iepus halbessinicus

Anubigs baboon Panio anubils

Blue menkey Cercopithecus mitis

Bush Buck Tragelaphus scriptus

Greater Kudu Tragelanhus strepsicercs
Bush Pig Potamochoerus Porcus

Wild dcg Lycacn pictus

4 - MACERIALS AND METHODS

4.1 Tsetse Sampling

In the present study, tsetse population sanpling was carried out every montlh
for a pericd of seven days using Biconical traps (Challier and Lavelssiere,
1973), the Screen/Hand net and the Vehicle Patrel methods (Buxton, 1955;
Mulligan, 1970; FRO, 1982). These cohservaticns were made for a total of

12 months starting fram Septamber, 1980 to August, 1981,
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Plate 5 - Photographs of vervet monkey (A) and the skin of Crocodile
(B) taken in the Finchaa valley during the study period




- 26 -

4,11 'The Biccnical Traps

The Biconical trap is based on the original model described by Challier
and Laveissiere (loc. cit) with the change of coleur recomended by
Challier et al. (1977). The trap consists of an upner ccne of nylon
mosquito netting made of four seqments sewn together; a lower cone of
blue cloth canvas also consisting of four triangles, in each of which an
opening is made; within are two screens of black cloth sewn together to
form a cross and placed inside the trap and a metal rod extending along
the centre ( Fig. 2 and Plate 6).

The two cocnes are sewn together, base to hase, around a loop of galvanized
iren wire to produce a cavity within which the black screens form the
boundaries of fcur sectors, There is an opening in the lower cone for each
Sector, by which the tsetse flies are able to enter. The trap is held in
place by the metal rod, which passes throuwh the sleeve nroduced by the two
vertical seams of the black screens,

Twenty six traps were set along a transcet 2,6 kms, long which ran parallel
to the Finchaa river and was some 200 meters away from it.

The traps wore placed at 100 m, intsrvals, The transoct passes throcugh wooded
forest, open savannah woodland and savannah grassland (sec Map 1), at an

altitude of approximately 1680 meters.

Captures were recorded daily fram 09:00 hrs, to 14:00 hrs, for three oonsecutive
days at monthly intervals,

4,12 The Screen/liand Net Method

- Tsetse flies wore also sampled using the Screen/Hand net method on a fly round.
The flies were attracted to the decp black colour of the screen and to the
movament of the fly catching party (Mulligan, 1970)., The Screen was a piece
of black cotton cloth and the hand net was made of cloth netting on a suitable
frame as shown in Plate 5,
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Figure 2 : Diagram showing the various parts of the Biconical

Traps.
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ate 6 -~ (Aj Close ~ up and (B) distant view of the Biconical Traps
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(A)

(B)

Plate 7 -  Photographs showing the vehicle patrol (A) and Screen/Hand net
(B) methods of sampling in the Finchaa river valley
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The black screen measuring 90 an x 90 on wes tied te a pcole that was carried
cn the shoulders of two reople who stomped at 100m intervals for 5 mins. A
verson holding a hand net follow:=d the screcn par tv in order to collect the
tsetse that came to rest cn the black screen. Flies collected by this method
were immediately transferred into cages or test tubes for cn-the-spot or later
identificatiomn,

The fly round was carried out along a 4.8 kms. rath, alcng which a total of

48 fixed catching stops were marked. The path extended fram the base of the
escarrment at 1980 m to the opan grassland area where the Biconical traps were
placed (Map 1), altitude 1680 m,

4,1.3 THE VEHICLE PATROL METHOD

A vehicle at a speed of about 15 km/hr attracts adult flies (Buxton, 1955;
Malligan, 1970; RO, 1982). In the present study a Nissan Patrcl was driven
at about 15 kmy/hr aleng the fly-round path that was used for the Screen/Hand
net sanpling method. The muedber of stops (4,8} and the intervals betvaen
them (+ 100m) were also similar, The windows of the vehicle were kept cpen
while it ig in motion, but imediately closed at each stop to prevent escape
of flies, as well as to allow collection of those that have entered the
vehicle (Plate 5), Including the driver, 4 perscns used to sit in the
vehicle to catch the flies with plastic test tubkes,

5 minutes were spent at each stop and catches were recorded fram 09:00 to
14:00 hrs and fly samling were done over three congactive days.

Fly catches were recorded fram 09:00 to 14:00 hrs. for a single day.

4.2 WEATHER RECORDING STATION

A weather recording station was set up at 1680 m, alxwe sea level, close

to the hydrco-electric power station for the pericd ketween September, 1980
to August, 1981. The most inportant weather clements which were believed

to have a substantial influence cn flv activity were recorded (Foxd, 197Qp .
FAO, 1982)., These included dally air temperatures relative humidities, wind
speed and rainfall, The data for rainfall werc cbtained from the weather
racording staticn of the Finchaa, Sugar factcry nroject situated about

20 kms from the study area and at an altitude of 1500 m. above sea level.
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4,2.1 Relative Rumidity

The relative hnidity was mzaswraed using a recording thenmhycsro {(baro)graph,
a simple portable relative humidity meter, and a wet and dry bulb thermcmeter.
The ‘thermohydrograph. and .the other instrurents were rcéad-ence a tipe.

4.2,2. Alxr Tawerature

Temreratures wore reoorded by means of a recording thermchydrogravh, an
ordinary thermcmeter and a minimm and maximum thermemeter, recordinc was
the sane as for relative humidity.

4.2.3 Rainfall and Wind Speed

A rain-guage and an ancameteor were amploved to detemine the amount of rainfall
and the wind ~ speed and directicn in the study area. Records were taken once
a day at 11:00 a.m.,

4,3 Tdentification of Tsetse Flies

The identificaticn of tsetse flies of the Finchaa valley was dme using Buxtom
(1955) and FAO (1982). Among the major characteristics used in the identification
of the flies tc the species level were:

a) the dark ring can the fourth tarsal scgment of the front leg.
b) the dark last two tarsal segments of the frort leg, and
¢) the dark last two tarsal segments of the hind leg.

The sub-species level of identificaticn was done bv examination of the male

genitalia,

4.4  BApparent Density

The apparent density of Glogsina morsitans ugandensis based on the nunber of

non~teneral male: flies collected ver 10,000 vards (= m) was
determined for a pericd of ome year, using the Vehicle Patrel and Screen/Hand
net methods, Due to the delays in accuisition of the Biccnical traps,
observations with this method were limited te eight months (January to
August, 1981),




The formula used to calculatoe the apparent density of tsetse fiies of a
given area using the vehicle Patrcl and Screen/Hand ret methads was that
of Buxtcn (1955).

e s mney s Flios
Apparent Density -~ = Ne. of Nen-teneral male flic

10,000 Yards

The formula used for the Biconical trans was that of Challier (1980).

Apparent Density = Ro. of Non—tenceral f£lies

10 hrs,

4.5 AGE DETERMINATION AND PHYSIOLOGICAL CONDITION OF TSETSE FLIES.

4,51 Wing-fray Method

Jackson's (1246). - . method of mean age determination of male tsetse
flies by their wing frays was ewploved in the present study.

Males collected by the three samoling methods had their wings removed from
the rest of the body and exemined under the sterecscopic dissecting microsoone.

The wings were compared with standard wing fray charts Jackseon 1946,

4,5.2 Quarian Aging

Female flies collected by the Biconical trans were first washed in 2% detergent
and later dissected in saline soluticn under a stereoscopic dissection
microscope. Digsection was carried cut using Challier {1965) and Saunders'
(1962) methods. BExposed cvaries were then compared with standard age
determination charts and tables of Challier (1965) and Saunders (1962),

4.5,3 Abdmminal Avpearance (Hunger Category)

Hunger category of flies (i.e. engorged - I, Replete - 1I, intermediate - I1I,
and Hungry - IV) was determined by observing the abdomen of the flies collected.
This was dene by cenfining each individual fly in a test tube. The hunger
category of the tsetse flies collaected hy different methcds were determined

by camparing the vresent chservaticn with standard diagrams (Mulligan, 1970;
FAO, 1962). |
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4.6 DETERMINATION OF NATURAL HOSTS OF TSETSR FLIES

Blced - engorged flies collected by the Biconical traps were dissected under
a stereoscopic dissecting microscope in a dry petri-dish, The blood was
removed from the qut and smeared cn a whabtman filter naper No. 1. This vas
later allowed to dry in a dessicator overnight. Several samples were then
mailed for identificaticn by precipitin test to Dr. Killick-Xendrick, Imperial
College of Science and Technology Field staticn, €ilweoed Park, Sumninghill,
Ascot, Berks, England.

4.7  INFECTION RATE DETERMINATION

|

A sample of non-teneral flies were first killed by crushing the thorax.

They were then washed in 2% detergent-saline and later put in a large dreop

of clean saline on a slide. ILegs and wings were removed. Gentle forward
tracticn on the head pulled cut the salivary glands fram the rest of the body.
Using fine needles, the prohoscis was removed fram head capsule by levering the
basal bulb away from the head and it is unzipped. The various components of
the mouth parts (i.e hypopharynx labiun ete,) were separated the hypopharynx
was examined for trypancscmes. The salivary glands were later drawn through
and the head capsule then discarded. The two glands- were mounted an a slide
in saline. After adding a oover-slip the glands were examined under the
mloroscope (K40 cbjective) to detect vossible tryvpanosare infections,

Ultimately, the akdamen and thorax is placed with the dorsal side up vards,
and by nicking the abdcminal integument on either side at the posterior
end and using needles or fcreeps the tip of the abdawen is pulled gently
to withdraw the qut.

The midgut was later separately withdravm and examined under a campound
microscope and examined for the presence of trypanoscmes. Different species
of trypancscmes are localized in different crgans of the insect., For instance,
T. vivax is found in the prohoscis, I. Congclense in the prcbos  and midgut
and T, brucei in the prcbos’.. salivary glands and midgut
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. ‘ 5. TESULTS

Nine major factors were chserved and studied during a year round investigation
of the tsetese flies of the Finchaa River Valley, Fach factor will ke treated
below in numerical order, '

5.1 Snecies Coamoosition

Identificaticn of a total of 10,000 adult tsetee flies collected between
September 1980 and August 1961 using the Biconical Traps, the Vehicle Patrol
and the Screen/iand net methoeds, showed that only one species, Glossina
morsitans ugandensis, was present in the Finchaa River Valley,

5.2 Altitudinal Distribution

The altitudinal distribution of the tsetse flies of the Finchaa River Valley
was studied using only the Screen/Hand net method and the Vehicle Patrol
method (Tables 4 and 5), Roth methods indicated that in this area tsetse
prevailed in altitude ranges of 1650 to 1980 meters (Fies 3 and 4).

This study also revealed that the numbers of tsetse flies caught decreased as
the altitude increased, Throughout the period of investigation more males
than famales were collected at different altitudes. The difference in the
number of the 2 sexes collected at each altitudinal range varicd and became
significant as the altitude decrcased (Table 3).




- 35 -

/

Table 3 Chi - Scuare value-—l- for the sex distributicn of CGlossina

norssitans ugandensis collected by Vehicle Patrol and screen/

hand net mothods at different altitudinal ranges.

Altitude Range { Chi-Square Significance Level
(in meters) at 1 d. £
1650 - 1700 197.78 Significant
w .
1701 - 1750 9,595 "
1751 - 1800 4,019 "
1
1801 - 1850 0.5635 No significant
1851 -~ 1800 0.7350 "
1901 - 1950 1.4425 "

1/ Calculaticn was dene using contingency table with Yates,

correcticn (1980)
T 2
R ]m = BCI“ 1w
2

(pB)  (A4C)  (BC)  (B4D)
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Table = 4 = Altitudinal distribution of Flies ueing S/i methed from

Septembor 1980 to August 1981,

Hen - Teneral

Months/year  Altitude fpecies Tencral
Hunger cateqory M F Total
I IT IIr- 1v
September 1980/1650 - 1700 (A) G.m. 208 48 24 202 911 1356 738 2094
to Sept, 1981 1700 = 1750 (B) " 338 21 12 71 175 510 273 783
Y70 - 180 () " 127 13 6 26 158 225 120 345
1800 - 1850 (@) " 72 2 4 20 70 115 en 175
1850 - 1900 (E) " 78 2 1 13 62 91 66 157
1200 - 1950 (F) * 51 0 1 3 5 76 46 122
1950 - 2000 (G} " 25 4 3 15 33 22 55

Table - 5 - Altitudinal Distribution of tsetse flies using V/P method from

Septenber 1980 to August 1981,

Non ~ Teneral

™M F  Total

Menths/Year  Altitude Seecies Teneral Hunger category
I IT IIE IV
September / 1650 - 1700 (3) G.m. 505 53 139 330 1399 1413 1019 2432
1980/ 1700 - 1750 (B) " 174 25 40 144 508 511 376 887
September / 1750 ~ 1800 (C) " 82 13 26 77 240 268 194 462
1981/ 1800 - 1850 (D) 33 7 10 4 110 126 79 205
1850 - 1900 (B) " 36 49 20 69 105 GL 166
1900 - 1950 (F) " 14 27 4 20 52 53 34 87




Key

2094

A = 1650 - 1700 meters
2000 B = 1701 - 1750 "

¢ o= 1751 - 1800 "

D = 1801 ~ 1850 "

B o= 1851 - 18500 "

o= 1901 ~ 1950 "

G = 1951 - 2000 "
1500 Males

Females

Number of flies

Altitude in metres

Figure 3 Nunber and sexes of tsetse flies collected at different altitudes
during September 1980 to August 1981 using the Screen/Hand net
method




Number of flies

Keys

) A = 1650 ~ 1700 neters
3000 B = 1701 -~ 1750
¢ = 1751 - 1800 "
D = 1801 - 1850 "
E = 1851 -~ 1800 "
2432 F = 1901 - 1950 "
G = 1%00 ~ 2000 "
2000

Nuiber of males

Nunber of females

=
=

A B c D

Altitude in metres

Figure 4 Numbers arnd sexes of tsetse flies collected at different
altitudes during September 1980 to August 1981 using
the Wehicle Patrol method.
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5.3 ZApparent Densgity

The apparent density of G, morsitans ugandensis as observed with Biconical traps

indicates a significant rise in the months of Avril to August (Fig.5). Observaticns
were not done for the mknths of fentanber to December. On the other hand a year
round oollecticn with the Screen/Hand net and the Vehicle Patrol methcods showed

a rise in the apparent density from April to Decarber (Figs 6 & 7 and Table 6).

The apparent density dropoed in January, Februaxy and March,

Table = 6 APPRARENT DENSTTY
honarent Density

Months (Year) Teamp. “C R RainfallGm) VP S/H  BP
Sept 1980 29 B o 4.5 145 169 -
Oct., " 29,5 34.09 2.64 . 183 1% ~
Nov, " 29.83 33.90 0.1 100 125 -
vec. " 30,77 41.51 0.0 140 130 -
Jan. 1981 32,32 39.16 0.17 70 69 15
Feb, " 36.03 35.78 0 37 45 18
March 34,19 43,90 0.9 60 55 21
April ™ 35.71 41.83 1.88 120 140 71
May 34,5 51,78 4.23 124 140 83
June " 32,96 57.78 4,75 150 160 72
July " 24,51 82.70 13.30 149 145 81
ag. " 27,16 74,61 7.9 160 150 65

5.4 Seascnal Fluctuaticn

A year-round studvy of the tsetse pepulation in the Finchaa area indicates
that climatic factors, namely rainfall, relative humidity and temperature, have
some bearing an the seascnal density of Gleossina morsitans ugandensis as well as
on the effichcy of the sampling methods (Fig. 8, Tables 7 and 8). In general it
appears that there is only one peak in a year with nunbers of tesetse flies
increasing during and imediately after the rainy seascn. Observations carried
cut with the Biccnical traps dees not give a complete picture of seascnal density,
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Figure 5 : Seasonal variation in apparent density of Gloseina morsitans
ugandensis using the Biconical traps during January to
August 1981,
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1980 August 1981,




Total number of flies

Rainfall mm

e ARGAEEIAR Ey

700

500

15

10

100

90 -~

40

30 -

20 -

10

Rainfall (mm)

//\\‘\x Relative humidity (%)

e e e ~ Temperature (°C)

Figure 8§

Months (1980/1981)

Seasonal fluctuation of Glosatna morsitans ugandensis in the
Finchaa River Valley during September 1980 to August 1981
using the Bicomical Traps (BT), Vehicle Patrol (VP) and
Screen/Hand net (5/HN) methods,
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but seagscnal changes in flies caught were similar to those cbhserved by the
cther 2 nethods,

Since there is a marke nepulation increage and decrease during the wet and
dry seascns, respectively, cne can conclude that the density independent mortality
factor plays an important role in affecting the tsetse vooulaticn in the valley.

Table 7 - Relaticnship between climatic factors and total £ly catches using
the Vehicle Patrcl and the Screen/tland net methods, and the Biconical

|

traps.
"Mean menthly mgan menthly Mean menthly Fly catches and mothods
Menths/ Tamporature RHS Rain falle~
(°c) () VP S/HN ur
Sapt/1980 29,00 €0.1 45 234 636 -
Oct,/1980 29,51 34,09 2.64 584 259 | -
Nov/19€0 29,83 33.90 0.1 106 164 | -
Dec/1980 30.77 41,51 0.0 307 155 -
Jan/1981 32.32 39,16 0.17 167 121 281
IFeb/1984 36.03 35,78 0.0 51 | 13¢ 438
March/8 1, 34,19 43,90 0.9 98 139 227
rpril/sl 35,73 41,83 1.88 404 300 603
May/1981 34.5 51,76 4,23 262 222 530
1June/&1 32,96 57.76 4.75 326 335 491
July/1981 24,51 82,70 13.30 475 371 567
|rugust/81 27,16 74.61 7.9 727 360 418
5 =31.37 7 =49.76 |- =3.36 L =31L.75 F?=266.66
* SD=+3.54 SD=+16,09 | SD=+3,30 sn=_+;206.13rn=i147.99
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Table 8§ - Correlatiom hetveen mean monthly temperature (A), mean menthly
relative humidity (B) and mean nonthly rainfall (C) and fly
capture using the three saimling metheds,

A)
Tamoerature versus r Sionificance
Sarpling methods at 14, £
T X 8/M 0.51443 ' Sionificant
T X WV 0.64227 ' "
T X BT 0.127C0 Not significant
B)
RH % versus sampling r ignificance
methods : : at 1d, £
RH X SM 0.63379 Significant
RH X VP 0.54079 "
Ri X BT 0.3600 ot significant
' C)
Rain fall b o Sigmificance
versus sanmling methoed . at 1l d, £
RF X SMH 0. 4624409 Significant
R X VP 0,62103 "
RE ¥ BT 0.4823 "

5.5 Age Structure

The age structure of male and female Glossina mersgitans ugandensis was determined
by means of male wing-fray degrecs (Jackson, 1946) and ovarian aging table 18-
p.89 (Saunders, 1963; Challier, 1965), respectively. Plate 2 ghows how

the wing-fray values were treated in the present study.

Figures 9, 10 and 11 indicate the mean estimated ages of male Glossina morsitans
gandensis collected by the three different methods in different months,
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Differences are chserved in the mean estimated ages of males in the
different menths and for the different catching methoés,

Table 17 = _ ' shows that cut of the tctal of 600 females dissected for
ovarian examinaticn 420 (70%) were ncn-teneral.,

Table - 9 ~ Mean wing fray value ( MWEFV ) of Glosgina morsitans ugandensis using

A) S/H, B) B/T and C) V/P methods,
A, Bioonical Traps (January to August 1981)

Jan Feh March April May June July  Auqust
25 days 14 26 22 25 24 31 25
days days days days days dayvs days days
Table - 10 - -

B, Screasn/Hand net Method (Sent. 1280 - Augqust 19_81)

Sept, Oct. Nov. Dec. Jan., TFeb. March “April May - Jge July  August

29 28 27 23 24 23 23 14 26 25 22 25
Ldays days days days days days days days days days days days
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Figure 9 : Estimated mean age of male Glosaitna morsitans ugendenstis
collected by the Bioconical Trapg durin, January to
August, 1981,
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Figure 10 : Rstimated mean age of male Glossina moraitans
ungaridensis collected by screen/hand net method
during September 1980 to August 1681,
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Figure 11 : Estimated mean age of male Glossina moreitans ugandensis
collected by vehicle patrol method during September 1980
to Auguat 1981,
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Plate 9 - Mounted wings of males of Glossina morsitans ugandensis showing

wing frays and approximate age category of the flies
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Table - 11 -

C. Vehicle Patrol (Sept. 1980 to 'wgust 1981)

Sept, QOct. Nov., Ixc, Jan, Teb., Macch April Abfay June  July  August

29 25 27 27 28 27 32 28 25 28 27 28
days days days days days days days days days days days days

5.15 Diel Activitv

The diel (diumal) activity of Glossina morsitens ugandensis in the Finchaa Piver
Valley shows two peaks (bimedal). The first peak cocurs from 9:00 to 12:00
hours while the second ccours frem 15:00 to 17:00 hours. The largest numbers
were collected at 10:00 and 16:00 hours, when the relative humidities and the
tenmperatures were arcund 97% and 30°C (range 27 to 32), vespectively (Fig. 12).

5.16 Sex Distributicn and Phvsiological Conditicn

The sex distribution for each month for pericds Septenber 1980 to August 1981
is indicated for Vehicle Patrxol and Screen/Hand net methods and for January to
August 1981 for the Biconical traps (Fig. 13 a, b and ¢ and Table 12)., 1In
general, slightly more males than females are caught each menth by the two
former methods, but the Biconical traps caught more females than males during
April to August 1981.

The difference in catches becares obvicus in the menths of November to January,
April to August or September and June to July for the Vehicle Patrol, the Screen/
Handnet methods and the Biccnical traps, respectively.

As far as the physiolcgical oondition is concemed, especially the hunger state,
on the whole more non—teneral than teneral male and female tsetse flies were
collected by the three sampling methods (Tables ~ 12 & 15) . However, slicghtly
more teneral than ncn-teneral male end female flies wore collected in November,
January and February with the Screen/Hand net method, while this is so only in
Decarber with the Vehicle Patrol method.
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Figure 12 i Percentage of active flies collected by two different methods
at different temperatures, velative humidities and hours of
the day for three consecutive days.

A =~ Screen/hand net method (black)

B - DBiconical traps 7:ad]
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Table 12 - Mmber of Teneral and Hon~teneral Male ond Female Glossina mersitans ugandensis Collected

each rmenth using the Biccnical Trewps, the Vehicle Patrcl and Screen/Hmd Net Methocs.

Month [/ Year

Biccnical Traps

Vehicle Patrcl

Screen/Hand Net

T NI M F g ° 2 NT M F S T NT M F s
Septerber, 1980 - - - - - 29 - 205 159 75 234 332 304 307 329 636
Octcker, " - - - - - 78 500 320 258 578 127 132 165 94 289
Neverdoer, " - - = - - 12 111 76 47 123 8 75 116 48 164
Decamber, " - - - - - 120 25 105 40 145 68 87 115 40 155
January, 1281 35 252 179 108 287 12 148 103 64 167 66 55 8 33 121
Fekruary, " 47 3% 266 171 437 4 52 26 28 5 8 57 8 85 138
IMexch, " 16 205 140 81 221 O £9 5 33 8 38 Iol lo2 37 139
April, " 88 52€ 280 314 594 0 31z 256 146 42 36 264 214 8  3%0
Mav, " 68 460 248 280 328 69 183 143 118 262 95 127 171 3L 222
Jume, " 45 446 169 322 491 22 301 202 128 330 151 185 238 97 335
July, & 55 602 302 365 667 113 362 302 173 475 169 202 230 141 371
Aucust, " 28 389 167 250 418 180 547 309 328 727 151 209 231 126 360
Total 362 329C 1805 1847 3652 743 2845 2149 143 3588 1403 1787 2060 1140 3200
Percentage 10 S0 48 59.8 40.1 43,9 56.2 64.3 35.7

20,7 79.2
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Table - 13 - Distributicn of scxes and physiological conditicns in pepulation

cf Clcssina morsitans ugandensis canturcd hy the Biccnical traps

during January tc Bugust, 1281,

Mcnths/Year Teneral Non -~ Teneral M F T
1t o1 |tz | v | motal

January 1981 35 {15) 83 | 109 | 45 252 179 108 | 257
February " 47 (1ot 148 | 159 | 64 390 266 171 | 437
March " 16 3| 87 9 | 1@ 205 140 81 { 221
April " 68 |17] 221 | 224 | 64 526 280 314 | 594
May " 66 j24f 152 | 101 | o3 460 248 280 | 518
June " 45 {201 152 | 199 | 75 446 169 322 | 401
July u 55 |29] 280 [ 203 | %0 602 302 365 | 667
August " 28 li1s| 128 | 164 | &2 389 167 250 | 418
Total 362 1421251 1138 | 531 | 329 1805 | 1842 | 3652
Percentage 10 51 36 33§ 16 90 48 52
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Table = 14 - Distributicn of sexes and physioclcgical conditicns in populations

of Clossina morsitans ugandensis captured by the Screen/Hand net

methed during Sentanber 1980 to hAugust 1981,

Ncn - Teneral

Percentage

Mcenths/Year Teneral M F T
I IT III v Total
Septenber 1980 332 19 5 22 258 304 307 329 636
] Octcber " 127 0 7 "3 112 132 165 94 259
Noverber 89 2 4 63 75 116 48 164
December " 68 3 21 2 87 115 40 155
January - 1981 66 0 4 46 55 88 33 121
February " 81 6 O 2 49 57 83 55 138
March " 38 15 4 13 69 101 2 37 139
April " 36 5 1 62 196 264 214 g6 300
May " 95 10 1 12 104 127 171 51 222
June " 151 2 6 32 145 185 238 97 335
July " 169 1 5 43 153 202 230 141 371
August " 151 20 42 165 209 231 120 360
Total 1403 82 34 259 1422 2055 2060 1140 3200
43,8 2 1 8§ 44,4 55.2 64.3 35.7
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Table = 15 = Distributicn of sexes and vhysiological ocnditions in populaticns
of: Clossina morsitons ugantinsi  coptured by the Vehicle Patrol
mathod during Seotembxr 1280 to August 10981,

tonths/Year Teneral. ¥en Tencral ” P P
I Ix ITI v Total |
September 1980 20 26] 1| 38 ) 140 205 150 | 75 | 234
Octcber " 78 12{ 34 93 | 361 | 500 320 | 258 578
November " 12 6] 2 20 83 | 111 76 a7 123
Decerber " 120 1l 74 8 9 25 105 40 145
Jonuary 1981 19 5| 8 31| 104 | 148 103 64 167
February " 4 2l 1 6 43 52 28 28 56
March " 0 1 6 53 g 89 56 33 89
April n 90 15| 31 77 | 189 | 312 256 | 146 402
May " 69 6| 14 62 | 111 | 193 143 [ 119 { 262
June " 29 al 37 |55 205 | 301 202 | 128 | 330
July " 113 of 33 29| 271 | 362 302 | 173 475
August " 180 13 31 g2 | a21| s47 398 | 328 727
Total 743 100§ 205 | 574 | 1966 | 2845 2140 | 1430 | 3588
Percentage 20,7 [2.78 5.71| 16 { 54.8 | 79.3 59.9 | 40.1 |
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Plate 8 - Larva of G.M. ugandensis during larviposition by the female
(A) and after it has been deposited (B)
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Figure 12 a : Sex distribution of population of Glossina morsitans

ugandensis at each month using the screen/handnet method.
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5.17 Infecticn Rate

Infection of tsetse flies and cattle with Trypancgoma spp. was determined
in the Finchaa River Valley by individual dissecticn of 640 Glossina morsitans

wjandengis and thick and thin blocd - smear exeminaticn of 22 cattle. Of the
640 flies examined 3 {0.5%) were found infected with Tryvoancma vivax. On the
hand, of the 22 cattle exemined 8 (33%) had a double infecticn with |
Trypanoscma vivax and Trypancsaea congolense,

5.18 Natural and Adventiticus Hosts of Glossina morstans ugahdensis

Blcod-meal analysis carried ocut at "the blocod-meal identification unit,
Imperial College, Silweod Park, Ingland," on a total of 83 blcod-fed Glossina
rorsitans ugandensis collected by the hiccnical traps and Screen/Hand net
mathods 74 were that of man, 5 of wild pig and man, 3 of Warthog and 1 of wild
pig (Table - 16),

Table 16, HNatural and adventicus hosts of Glogsina morstans ugandensis in the
Finchaa River Valley during September 1980 to August 1981.

Mumber of fed Sex
Hosts G.M. Ugandensis M F Percentage
Mar i 74 44 30 89
Wild pig and Man 5 - 5 6.0
Wars-hog 3 1 2 4,00
Wild pig 1 - - 1.0
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6 - Discussion

6.1l Species Commositicn

Working on the tsetse flies of the Wellega Administrative Region Langridge

(1976) chserved the existence of three different species, namely, Glossina

morsitans ugandensis, Glossina tachinoides and Glossina fuscipes. The hbai
(Blue Nile) River system, which has a direct centact with the Finchaa River
Valley, is also kncvn to harbcur koth G.m. ugandensis and G. tachinoides.

The study area had nct been thorcughly surveyed kefore and hence no precise
information on the species camposition and degree of infestation was available
at the keginning of the pnresent work.

In gpite of the close contact hetween the Ahai (Blue Nile) River system and the
Finchaa River Valley, and alsc the presence of similar habitats in both areas,
Glossina morsitans wgandensis and Glossina tachinoides are fomnd in the former
area (Langridge, 1976; Ford a Katende, 1973), while the present finding records
cnly Glossina morsitans wgandensis in the latter area., This may indicate that the
distributicn of G, tachincides avay fram their permanent hrmes (habitats) is very
limited as camared to G._m. ugandensis. Langridge (1976) stated that G. m.
ugandensis usually spread from the Abai River system acrcoss the river valleys

to the escarpment leading to the highlands., The second reascn for the absence

of G. tachinoides in the present study might ke a result of the slightly higher
altitudinal level of Finchaa. In general, G. tachincides have lower height limits
than G. m. wandensis althcugh in some circumstances both have been caught at
very high altitudes (Langridge, 1976).

The third reascn is bhased upon interviews made with scme of the old native

farmers who knew about the existence of these flies in the Abal River system

long before they heard of them in the Finchaa River Valley. If G. m. ugandensis -
has recently invaded the Finchaa Valley it may inply that this species may readily
invade new territory faster than G. tachinoides,

6,2 Altitudinal Distrihution

In the present study in the Finchaa River Valley Glossina morsitans ugandensis
was ccllected at altitudes renging fram 1650 to 2000 netters (Fig. 3).

\
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Various intervals flies have hbeen oollected from the edges of the

escarpiment at an altitude of abcut 2200m. This informaticn has not heen
included in the year rowmd odllecticn nade with the three sanpling methods,

To my knoviledge this will Le the highest height limit ever reccrded for

G. m. ugandensis both in Ethicpia and elsewhere in Africa, According to
Langridge (1976) the height limits for G. m. ugandensis in Ethicpia is 1,650 m.
while they may go up to 1700 m other parts of Africa (Buxtcn, 1955), However,
the former author has recorded from Ethicpia (Gojjeam) both Glogsina morsitans
ugandensis and Glossina tachinoides at nearly 1800 m. This was an exceptiomal
circumstance which resulted from a grass-fire which forced the flies to move to
a such height.

The unusual height of 2000 m and above chserved for tsetse in the Finchaa Valley

may be a result of:

a) The sudden drcp of the'slope of the gorge reduced the difference in:
temperature gradient, relative humidity percent, vegetation and soil.
These factors play a role in setting alimit in the distribution of the flies.

b) The similarity in the mean annual temperature, which is 27 - 29°¢C near the
edge of the escarpment and 29-31°C at the bottan of the gorge, Although
there is a significant al?:itudinal difference hetween the two places, i.e.
1600 m. at the bottan of the valley and 2010 m. at the edge of the
escarpment, the temperature range at the edge of the escarpment is still
quite favourable for the breeding, feeding and resting of the flies (Mulligan,
1970; Buxton, 1955},

c) ‘The presence of a large number of game animals fram the bottan of the valley
to the edge of the escarpment. The vegetaticn cover also extends up to the
edge of the cscarpment.

Buxten (1955) pointed cut the strong relationship that exdsted betveeen
vegetaticn and tsetse fcod sources.

d) Bush fires, which has been seen to drive cut the flies from the kFottom
of the valley to the edge cf the escarpment at 2010 m.

As shovm in Figures (2 and 3) the fly canture increases at lower altitudes.
This indicates that the lcwer altitudes in Finchaa are the permanent howes,




The frequency of teneral flies is also very high in lower altitudes (Table ,
3) 47057715 < & 7). This shows that the lower altitudes are the hest hreeding
grounds for the flies. aApart from. this the towerature is glightly higher in
the bottam of the valley and the vegetation cover is predeminently savanna
woodland.,  Amparently, this ground makes the area suitable for the flies to
breed, feed and rest (Buxten, 1955; Ford, 1271; Glasgow, 1963; FAL, 1979).

6.3 2Apnarent Density

The Apparent Density (A.D.) serves as an index for the seascnal fluctuation of
the tsetse population in the valleyol The A.D.'s obtained Ly the Vehicle Patrol
and the Screen/Hand net metheds show some degree of similarity, although this
is not so with the Biconical Traps (Figs. 4,5 & 6). The highest A.D. (169)

was chserved with the Screen/Hand net methed in Septemberr 1980, which was
around the end of the rainy seascn. The lcwest AJD. (37) was chserved with
the Vehicle Patrol method in Fobruary 1981, at the end of the dry season., The
present findings corresoond very closely with previous works of Buxten (1955),
Ford (1971) and Langridge (197¢), and Putt et al, (1980),

Compariscn of the A.D. of tsetse in the Finchaa River valley with that chserved
for Glossina morsitans ugandensis in the Didessa River Valley by Langridge (1976),
suggests that the degree of infestation in these two areas is of the same
magnitude,

It would he interesting to menticn at this juncture that there are scme
investigators who support the view that the populaticon 1s constant and that.
changes in the apparent density of tsetse peoulation might be a result of
changes in the factors influencing the catching of these flies (Mulligan, 1970).

6.4 Seascnal Fluctuaticn

A. Samnling Methods and Climatic Factors

Fly catches at different scasons using different sampling methods were campared.
The Vehicle Patrol method onllected the highest numbers in Octoker and Auvgust
(varm and wet season) and the loawest in Fehruary and March (hot and dry season).
The Screen/Hand net method collected the highest number in September and the
lowest in January to March (Fig. 7). Collecticn with the Biconical traps is
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limited to the months of January to Auguet. Even then, the pattern is more or
less similar to catches with the other two metheds, except for that in Auqust.

The data therefore suggast that either of the three methods may be used to
estinmate the fly density of a segrent of the pooulaticn in habiting the study
area, However, of the three sampling methods the Vehicle Patroel methed gave
the highest fly canturc. This chsexvaticn agroes with that of Challier and
Laviessiere (1973) and Turmer (1980) for Cleossina morsitens submorsitans in
Mozambique.

The effect of climatic factcrs cn fly capture is imnortant and will ke discussed
below in the following order. They ares-
1) Teawerature versus fly capture
ii) Relative humidity versus fly capture and
1i1) Rainfall versus fly canture

i) Temperature Versus Fly Canture

Flies cantured by the Vehicle Patrol, the Screen/Hand net methods and the
Biconical traps, showed strong, mild and weak negative correlaticns -7
respectively, - 0.64227, ~0.51443 and - 0.12700 with the mean mcenthly
tewmperature (Table 5A). This weans that with increase in temperature the fly
nopulation declines. This cbeservacion agroes with what has been said in
Mulligan (1970), Jacnnson (1978}, and Turner {1S80).

The weak negative correlation with the Biconical traps might be partly due to

the staticning of sare of these traps vexy cloge to forests and forest fringes
where the climatic oconditicns are most favourable for the flies. Tt is therefore
prchable that scme of the Glcssina morsitans ugandensis would ke attracted to
the traps arcund the forest from the oren grassland round akout, when the hot,
dry season was . at its height (Nash, 1942),

ii. Relative Humidity Versus Fly Capture

Positive correlation was chtained hotween flies caught by the three different
methods of collection and mean monthly relative hunidity (Table 5B). This
conforms with earlicr findings by cther investigators (Buxton, 19555 Foxd, 1971;
Turmer, pers, oam, ). Thus, increase in relative humidity will account for the
positive growth in the apparent density of the Glossina morsitans ﬁgandemsis.

population.
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The lowest positive correlation value (r) of ©,3600 was chtained for the
traps. High r values of 0.63379 and 0.54079 were obtained for Screen/Hand
net and Vehicle Patrcl methods, resmectively, This may be due to sampling
bias. The Vehicle Patrol and Screen/Hand net nethods scem to attract flies
in search of food and/or mates while traps primarily capture flies in search
of shae (Jeennscn, 1978).

iii) Percinitaticn Versus Fly Capture

Here again a positive correlation was obtained between flies caught hy the
three samling methcds and the mean menthly precipiltation (Rainfall) (Table 5c¢).

Rainfall is known to affect puparial develoment directly and the eco=distributicn
of the fly and the mammalian hosts indirectly. The indirect effect is asscciated
with the impact of precipitation cn vegetaticn (Buxton, 1955; Mulligan, 1970;
Ford, 1971; FrO, 1982). The highest positive correlaticn is shown hetween
percipitaticn and Vehicle Patrol. This cculd ke duve to the attractiveness of

the sanpling method to the fly (Muirhead ~ Thomscen, 1968),

6.5 B. Seascnal Changes in the Population

a) 'The Wet Season {(June ~ Qctoher)

The highest catch-levels were obtained during and immediately hefcre and after
the rainy season (Table 4 and Table 6€)

In September and Octcher, 1280, at the end of the rainy season the meonthly mean
tanperature was 20°%¢ ; the nonthly mean relative humidities were €0 and 30
percent. The monthly mean precipitation were 4.5 and 2.64 mm, respectively.
The abundance of tsetse flies in this seascn could be due te a favoural:le
climatic conditicn (Mulligan, 1970). In a productive biogystem if there

is high rainfall and high tawerature the area is likely to regain its
vegetation cover thus making good grazing for the memmalian hosts of tsetse
flies. Moreover, the vegetaticn at this time is in full leaf making the areas
surrounding favourable and would indirectly exert an influence on the density
and ecc~distributicn of the flies in a given area {Jaennscn, 1978).




b) Cecel Dry Season (Novenber and Decanber)

During this season the mean monthly temperature was 30°¢, mean relatively
hunidity 30 and 40 %, end mean menthly rainfall of 0.1 mm and zerd, respectively
hrought a decline in the level of flies caught, cepecially with the Screen/

Hand net methaod, The frequency of fly capture in November and December was

low, presumably due to a low emergence rate resulting frem the relatively ccol
conditiens. The sharp decline in the rainfall and relative humidity at this

time might have created a moisture-gradiont which prcbably affected the moisture
content and tenperature of the soil. This could have affected the incubation
pericd of the puparia (Mualligan, 1970, Lambrecht, 1980).

Since the vegetaticn cover did not show any noticeable change at this time
the decline in the fly-population could not ke directly assceiated with it.

¢} The Hot Dry Season (January - March)

The hot dry seascn is characterized by a mean menthly temwerature of about
35°C, with a mean menthly relative humidlity of 35% and 20% and a mean monthly
precivitaticn approaching 0.5 mm. The lowest catches of Gleossina morsitans

ugandensis were obtained in this scason. Apparently, the decline in the fly
population could ke a result of an accelerated fat consunption presumably

a result of the high temperaturc and perhaps the absence of animal hosts.

In additicon the low moisture content of the scil at this time might adversely
affect the steady develomment of the pucarium (Glasgow, 1969). On the other
hand the relative humiditv ckserved in the study areca at this time may not

be that adverse as has been chserved for Glossina morsitans ugandensis
population (Buxton, 1955).

- The decline in the density of tsetse flieg of Finchaa in this season was
asscociated with bush fires that vrevalled from January to March, 1981, It
is presumed that this would affect the puparia in the soil and drastically
alter the habitats for resting adults.

One of the most important and ncticeable factcrs that would change the ecolegy
of the valley could be the bush fires.
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The hush fires not only affected the density of flies but also their
distribution within the valley. The nopulation distribution of the flies
before the fires was fairly uniform, with a steady increase as cne decended
from the edge of the escarmment to the bottam of the gorge. However, after
the on set of the fire the fly pomulation in general declined, and the flies
concentrated close to the river and the streams and the surrounding vegetation.
The flies were driven out fram the grassland and the dry-woodland areas to
find a new habitat near the escarpwent at a height of same 2010 meters., Some
of the mammalian hosts were algo driven to thick riverine evergreen wocdland
and same - probably migrated in search of grazing and perhaps left the tsetse
fly-belt, Consequently, the flies were denied their normal habitats and
their nommal focd source (Langridge, 1976).

d) The Short Rainy Season (April and May)

In the middle of the short rainy season, a build-up of the fly pcpulation was
observed, Bxcept for a very slight deviation we cobserve a typical pattemm
in Fig, 7 (Buxtcn, 1955: Ford, 1971; Jaennson, 1978; Turner, per. comm.).

6.6 AGE STRUCIURE

According to Buxton (1955}, Jackson (1946) , Mulligan (1970) and FRO (1982)
the wing frays of young males are intact (plate 9) during the first 1 to 7
days after amergence and that teneral males and females have not had their
first blocd-meal at about 2 days after avergence.

Three samling methods were emoloved to evaluate the age camosition. All
showed similar results in that most of the flies cawht were non-teneral,

Some of the flies caught were in the reproductive and nost-reproductive stages.
The above conditions entail that,

a) The flies were in enidemioclogicaly dangercus stages meaning that the risk
of infecticn in the flies at these stages was high, To reach the infective
stage the salivavian trypanoscmes need 27 days in the case of T. Brucel,

12 days in the case of T. congelense and 5 days in the case of T.vivax
(Lambrecht, 19280}.

b} If ecological conditicns remained undisturbed the tsetse population would
increase at these stages (Odhiambo, 1966; Rogers, 1972; Nash, 1968;
Jordan, 1957). The results obtained by Tumer (1980) for Glossina morsitans
sulmorsitans in Mozambique agrecs fairly well with the age structure of
Glossina morsitans ugandensis in the Finchaa River Valley.
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Table 17 - Numbers and percentage of teneral and non-teneral female Glossina

morsitans ugandensis collected by the Biconical traps fram

January to August 198l and dissected for cvarian examination.

Motal number of flies

Tencral " Non-Teneral g Nmﬁi'ener""}
} !
dissected Females § E{' é’! 3| pregnant é %\
; - R 1
3 g 178
600 180 30 360 60 GO 10

Table 18 - Numbers and estimated ages of fomale Gelossina morsitans ugandensis

collected by the biconical traps from January to August 1981 and
dissected for ovarian examination (saunders, 1962)

Number in Approximate age in days
sanpele
0 1 2 3
1-38 g8 - 16 20 = 30 30 - 40
|ganuary, 1981 75 \ 20 45 8 2
February, 1981 75 24 40 9 3
March, 1981 75 18 50 6 2
April, 1981 75 26 39 6 1
May, 1981 75 16 46 10 2
June, 1981 75 24 46 5 3
July, 1981° 75 19 27 4
August, 1981 75 33 67 7 1

O - No ovulation or cnly e -

No larvae
(1-8) days

1~ Two ovulations = one larvae
(8-16) days

2 =~ Three Ovulaticn = two

Larvae (20~-30 days).

e
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The ovarian ageing of this species of flies showed guite similar results
to wing fray method. Most of the flies, including the pregnant ones,
were non-teneral (70%). Same of the nregnant flies were cbserved
larvipositing in the traps and at other times puvae have keen collected
fram within the traps (plate 8), The remaining 30% examined vere teneral
flies. The above chservation is in agreement with that of Buxtan (1955},
Challier et 9_}_; (1977), Challier et al, (1980) and FAO (1982) for a
typical age structure of populations of other tsetse flies.

6.7 Diel Activity

The pattern of the diel (diurnal) activity of Clossina morsitans ugandensis
exhibited a biphasic-shape with a high morning nreak (09:00 ~ 12300 local time),
a midday depression (12:30 =~ 14:30), and a late afterncon peak (15:00 - 17:00)
which was sane what lower than the morning pesk (Fig. 12}, The number of
female flies collected early in the morning were quite high., ILater in the
moming the frequency of teneral and non—-teneral male flies increased. But

cn the whole the female capture for the day with hoth the Screen/Hand net
method and the Biccnical traps was higher than the male. This finding agrees
with the results obtained by Muirhead = Thamson (1968) and Turner (1980) for
G, morsitans morsitans in Mozambique.

The biphagic activity pattern of G. m. ugandensis cantured by both metheds
conforms { the V - shape wattern of the spcnténous flight activity of

G. morsitans West in the laboratery (Jaennson, 1978). This pattern also
confirms with the dial activity of G. morsitans.

Light intensity and temperatures are considered to affect activity of tsetse
flies. Most tsetse ston being active as darkness apprcaches (Jaennson, 1978).

On the other hand, high temperatures of about, 300(: and akove seam to have a
pronounced effect in reducing the midday activity of Glossina morsitans ugandensis,
as has been observed for other tsetse by Jaennson (1978) and Turner (1280),

among others,

The relative humidity curve is nositively correlated with fly activity and
negatively correlated with temperature.

Data on relative humidity and temmeratures have been used as an indirect measure
- of the diel activity of G. m, submorsitansg (Glasgow, 1963).
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6.7 - Sex Distributicon and Physiclogical Cenditicn

In the nresent study more males than females were caught by the Screen/Hand
net (64%) and the vehicle Patrol (59.8%) methceds., This indicates the
~consistency in the manner by which each cepture methcd is selective in
catching members of the both sexes, Heowever, the Biconical traps captured
more males than females in the months of January to May while the reverse of
this pattern is ohserved for the mconths of Anril to Awgust vhen more females
than males vere captured., These findings are fairly typical in that the
Screen/Hand net and the Vehicle Patrol methods usually capture the 'sexually
appetitive and hungry male flies, where as the biccnical traps nommally
capture mostly female flies that come to rest (Jaemnscn, 1978; Turmer,

1980; Challier and Turner, Per. camu).

With regards to the hunger state of the catch, Screen/Hand net and Vehicle
Patrolled fly rounds exibited a high preportien cf £lies in the advanced
hunger state - category IV, )

Fly catches hy the Biconical traps exhibited a high proportion of flies in
the intermediate hunger states =~ categories IT and III. Such a high catch
of the replete and intermediate steges would ke a result of a continued
activity mcstly by the hungry and gravid femeles in search of a blcod meal
as well as darkened, himid places for resting and larvipesiticon,

The present findings with the Biconical traps agree with the results chtained
by Turner (1980} and Challier (198)) with Langridge and Biconical traps. Both
caught substantially more females than males. 74% and 83% famales were caught
with the Langridge and Blcenical trans, respectivelv., Large proncrticns of the
catches were in the intermediate hunger state. '

The difference between the tran catches and Screen and Vehicle fly-round catches
could be asscciated with the behaviour of the flies and the attractiveness of the

sampling methods (Muirhead — Thomsen, 1968; Buxton, 1955; FAO, 1982).

6.9 - Natural and Adventitious licsts

The survival and success of morsitans -~ groun flices cn the whole is known to
be dependent on the presence of wild Lovids and suids (Mulligan, 1970). It
has been also stated that unless G. morsitans could alter its feeding pattern
and become adapted to a dict of man and domestic animals, as have the riverine
tsetse (Palpalis Group), it may well lose its cmpire in the cnsuing centuries.
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The present investigaticn showed that Clossina morsitans ugandensis had

89.1 percent of their blocd=meal frem man, 6 nercent, from wild pig and
man, 3.6 percent froamwarthog and 1,2 vercont, from wild piqg. Althcugh
maximum care has been taken to avoid flies fram the catching party,
it is prcobably that same might have fed on the fly hovs,

Contrary to the arguments put forward by Glasgow (1963) and Weitz (1963),
Ford (1969) elegantly deronstrated that in Nigeria G. m. submorsitans would

readily feed cn man rather than cn a staticnary or moving ox when its fat
reserve is near exhaustion. Host selecticn is sanetimes dependent cn the
availability of hests(s) rather than on the prefercnce. Tsetse species may

be specialized feeders cn the predcminant host(s) within their localized
habitats, but when necessary, they ¢an also adant to any availakle hosts for
survival (Oniah, 1980; Ford, 196%). The latter author alsc rcinted cut that
lahoratory coleonies of tsetse flies have been successfully maintained on goats,
rabbits and quinea pigs. Thev can even be fed on bleood thrcugh artificial
membranes.,

Fram the hunger category data {Table 6,7 137714 & 15) the majority of the

tsetse flies of Finchaa area seem t¢ be under hunger stress during most

months, This might be the reason why they readily feed cn human heings, who
frequently rove fram the plantaticns in the lowland area to the town of Finchaa

cn top of the escarpment and also on the recple who work in the varicus development
schames., This chservation for Glossina norsitans ugandensis is in conformity

with explanations given for the feeding behavicur of cther G. morsitans species
by Ford (1969) and Oniah (1980).

If the catholic feeding behaviour of G.m. ugandensis is maintained, it could be
of significance to the cpidemiology of human trypanoscmiasis. Morecver, the

ease with which G.M. uwandensis feeds on human blocd could be of particular
public health importance if the causative orcaniams of sleeping sickness in

Bast Africa (T.b. gambiense) are introduced inte Finchaa by means of migrant
labourers. Sleeping sickness is known to exist in the neighbouring administrative
regions, Illubabor (Hutchinscen, 1970). If this hamrens, then the vast
agricultural develooment schemes, the giant hydro-electric rower staticn and the
sugar factory could he easily jecrardized.

The intemmittent feeding observed Ly G. morsitans ugandensis on wild pig, warthog
mnd man could he of importance in transmissicn of the disease from animals to

he fly and eventually to man., This is of great significance in the epidemiology
f human trypanoscaaiasis (feitz, 1963).
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In the nresent study the blocd-meals cbtained by G.m. wgandonsis fram warthog
and wild nig arve too few to he conpored with other works else-vhere (Weitz,
1963; Malligan, 1270; Glasgcow, 1963; Foxd, 1271; FhO, 1979). Such devaits-ton
may be a result of the an-going develowment programmes in the Finchaa Valley
vhich may have an influence in rawote and inaccessible nlaces. Reducticn in
the number of wild suids and hovids in this area as a result of hunting by
the labcurers should not ke ruled cut.

6.8 - Infection Rate

A, In tsetse flies

The infection rate observed in the present study in CGleossina mersitans ugandensis
ig low (0.5%). This is extremely low for morsitans group flies. In other places
the infection rate in morsitans grcup is normrmally in the range of 15-20%
(Mulligan, 1970; FAD, 1982; Ford, 1971). The low infecticn rate in the flies
in the present study cculd he that:
(i) the active transmission foci might have been restricted to certain

isolated pockets. Most of the flies outside these pockets would be

clean (FRO, 1982),

(11) the nuwber of flies dissected vere not large encugh, .. especially when
one camares the present work with that of others (Mulligan, 1970;
CGlasqgcw, 1963).

(ii1) the tsetses have been collected at relatively higher altitudinal ranges.And
According to Mulligan (1970) these is some relation | vwith.: toamoerature .
Because altitude is an indirect indicatcr of temperature.Flies collected
at higher altitudes might have been unable to harlxur infecticn
(Molyneux, 1920).

B, In Cattle

The infecticn rate in cattle is xelatively high (33%) when camared with that
obtained kv Largridge (1976}, The isolated narasites were identified as
T. vivax and . congolense (FRO, 1982, Davies in putetal, 1980).

Scne of the farmmers in the highland take their cattle dawm to the valley for
a few davs tc farm the land, It is rossible that scme of these cattle might

have heen infectcd in the vallev on such cccasions.
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7 = CONCLUSTONG

The present investigaticn bas revealad the mence-soocics camwositicn of the
tsetse flies of the Finchaa River Valley. In additicn, the pattern of
seasmal fluctuaticn and diurnal pericdicity of the flies has boen
established. This informaticn is vital kefore ambarking cn control and/or
erradication of these flies. The first cculd he during the wet/warm scason
when the fly pooulation reaches its peak. At this particular seascn of the
year control should he waged in order to suopress the £ly populaticn, The
second could take place in the hot/dry seascn when integrated methods should
be employed to make the valley free of the flies.

Furthermore, the bivhasic diumal pericdicity of the fly could ke a relevant
factor in indicating anpropriate times of application as well as the type of
ingecticide to ke used.

The study demcnstrated the unique eco-distriluticon of the flies in the valley.
This would ke relevent for any tsetse control nrogramme in the future,

Bush-fires are generally undesirsble, since they implont a sericus ecological
disturbance in a hiosystem, However, due to it, the fly-rcpulation and the
fly-belt collapse sharply for a while. The tsetse flies may concentrate in
specific habitats during forest-~fire. Aprarently, this would be the best time
to control or erradicate the tsetse flies. The flies that concentrate near the
streams and brecoks cculd be treated with insecticides by aircraft or fram the
ground sprays.

The apparent density (A.D.) of the tsetse flies could ke used as a hase-line

index .for future studies.

Knowledge of the physiclogical conditione and the sex ratio of the

G. m. ugandensis ¢f the Fincha River Valley would thrcw light onto the
wnderstanding of their biology and kehaviour in this unusual hakitat. Moreover,
the age structure of this species would help to predict and extrapolate the
future fly-nopulaticn trends and rigk of infecticn,

The blcod-meal analysis results exhibited the vnusual cpportunistic feeding
behavicur of G. morsitans ugandensis. The present finding showed man to be
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the most important host arcund the survey arca, This may render the area
epidamiologically dengercus and may call for active medical surviellance,

The cattle whiéh suffer from bovine trypanosamiasis on the edge of the
escarment deserve treatment, The cattle we find here not only serve for
ploughing the land but are alsc the meat and milk scurce for the pecple in the
highland as well as for the labcurers in the Valley.

In the future, mark-release and recapture mothods should he used to estimate
more accurately the fly density of the area. Future work should investigate
diurnal and nocturnal resting sites of the fly, as this would ke of paramcunt
importance to understand the habits of the vector as well as to carry cut
erradicaticn programmes in the most efficient and econcmical way.

In crder to make the work more complete the infection rate of the flies aleng
the escarpment shcould be detenmined, Moreover, the effect of the new
plantation and settlement schemes on the vector (flies) population in the
Valley has to be assessed.
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