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INTRODUCTION

Tsetse flies occur in Africa within latitudes circa 14° NOIT{) »anc%_ZO" Sputh,
on about 10 million square kilometres covering 31 countries where they put 50 million
people and their livestock at risk of sleeping sickness. The 22 species of tsetse are
separated into 3 groups (subgenera) based on the genital armature: fusca (subgenus
Austenina), palpalis (subgenus Nemorhina) and morsitans (subgenus Glossina s. str.).
All species of Glossina are susceptible to infection by trypanosomes - though unequally
- but the forest species (Fusca group mainly) rarely come into contact with man and his
livestock. The species that are considered to be the main vectors of human
trypanosomosis are G. palpalis and G. tachinoides in West Africa and G. fuscipes, G.
morsitans, G. swynnertoni and G. pallidipes in Central and East Africa (Okoth, 1986).

Curative and prevention methods have been used to manage tsetse for a
long time. The high costs of drugs and the development of resistant strains of
trypanosomes limit the effectiveness of medication against trypanosomosis (Jordan,
1986). Alternatives include the use of trypanotolerant breeds of cattle, sheep and
goats; however this usually encounters a cultural resistance to small breeds of cattle.
Vector control methods previously included clearing of vegetation and destruction of
wild animals and application of insecticides in violation of the imperative to preserve
the environment. Reinvasions of treated areas are frequent.

Due to increasing knowledge of the ecology, behaviour and physiology of
tsetse flies, vector control is becoming more realistic. Environment-friendly methods
include the use of traps and targets, with olfactory attractants and the release of sterile

males to reduce tsetse populations to manageable levels.



The present work attempts to understand visual and olfactory cues that
mediate host-location behaviour of a palpalis tsetse, G. f. fuscipes along Lake Victoria,
Kenya.

Vision is critical in the Biology of tsetse flies. However, studies on visual
cues for tsetse (Challier, 1982; Dransfield et al/., 1982 and Green, 1991) have shown
that there are considerable inter- and intra-specific behavioural variations in tsetse flies
(Green, 1993). The level of success of a trap varies according to tsetse species.

The biconical trap is now a firmly established visual trap for tsetse flies in
several west African countries where it is efficient in capturing both the savanna
species G. m. morsitans and the riverine G. palpalis (Muirhead-Thomson, 1991).
Mwangelwa et al (1990) confirmed the superiority of this trap for G. £ fuscipes as
compared to members of the Ngu-trap series which are more efficient for G. pallidipes
(Brightwell et al., 1987). The pyramidal trap was found virtually equal to the biconical
trap in terms of catches of G. £ fuscipes (Mwangelwa, 1990 and Mohamed-Ahmed,
1992). The monoconical trap has been advocated in Uganda as well as the bipyramidal
trap in the Central African Republic.

The operation of the biconical trap is based on the principle that tsetse flies
tend to alight more on a black than on a blue cloth (Green and Flint, 1986). The latter
elicits a stronger attraction (Challier et al., 1977; Green, 1989 and Green and Flint,
1986). Hence, blue traps increase the catch by maximizing the attraction on the outside
while the black inside stimulates the "entering" response (Wall and Langley, 1991).
There is a consensus that visual stimuli act synergistically (or antagonistically) with

endogenous factors and olfactory cues (Wall ez a/., 1993).





















The vectorial capacity of G. f. fuscipes depends on the trypanosome stock.
When G. f. fuscipes was fed on the flanks of Boran cattle infested with a 7. vivax stock
from Kenya, the mature infection rates ranged from 0-5%, as opposed to rates as high
as 61-75% for G. m. centralis and G. brevipalpis. Rates were very weak in G. austeni
and in all the 4 palpalis tsetse tested. In contrast, the hypopharyngeal infection rates of
7. vivax from Nigeria were high in all 7 tsetse species and subspecies (55-97%)
(Moloo et al., 1987).

Adults of G. f. quanzensis captured at 2 sites in Brazzaville township (the zoo,
downtown and on a farm in the outskirts) were infected with 7. congolense (8%). The
infection rates were higher in females (14% vs 5%). Maximum rates occurred in
females at the age 20-30 days (Gouteux ef al., 1987). Trypanosoma infections
occurred in horses and in dogs. All zoo animals examined in the area were negative for
trypanosomes.

Control campaigns against G. f. fuscipes, alike other tsetse, require
considerable investment and patience. An area of 2,000 km” in the Iganga District,
eastern Uganda, was sprayed with deltamethrin at 0.2 g/ha from aircraft at intervals of
2-3 weeks (Ssebalijja, 1981). ORSTOM, the french overseas research organization,
also started a control programme in Busoga, in 1987. Monthly treatment of cattle with
pour-on deltamethrin supplemented the trapping with deltamethrin-coated pyramidal
traps (Lancien and Coosemans, 1991). According to the late Lancien and Obayi
(1993), traps (10/km®) were impregnated with Glossinex (Deltamethrin, 300 mg
a.i/trap) and covered an area of 3,000km’ over 5 years. After 10 months, the Glossina

population and the number of new cases of trypanosomosis was reduced by 90%. Over
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a 4-year period, the number of cases of sleeping sickness caused by 7. rhodesiense fell
from 6674 to 274 following the introduction of pyramidal traps for the control of G. £
}usciées. The a;lﬁual cost was 0.5 g/indiviéiual for the 600,000 persons (Lancien,

1993). The number of cases can increase if social disturbances interrupt health care and
vector control (Okiria, 1983).

2.2 Motivation and pattern of tsetse movement -

Tsetse exist at relatively low densities in the environment but combination of
olfactory and visual stimuli brings males and virgin females together on or around host
ammals (Wall and Langley, 1993). It is also established that search for food, male's
search for mating partners, female's search for larviposition sites and search for resting
places (Laird, 1977) mainly motivate tsetse movement. In these regards, Bursell (1961)
recognized four physiological phases of activity in relation to stages of digestion and
fat reserves. He noted that along with the olfactory stimuli, temperature, relative
humidity and luminosity are the main external factors.

It is believed that when tsetse fly about, there is a linear dispersal in the case of
riparian populations and a surface dispersal in the case of savanna ones. In this linear
dispersal, authors agree on the existence of preferred flight lines along open spaces, for
example, paths and game tracks called "ecological corridors" by Gruvel (Laird, 1977).
Brady and Crump (1978) showed that the ‘v’-shaped activity pattern of G. morsitans
is similar in field and in laboratory and that the zeitgeber is light intensity. The activity
pattern was affected by temperature and physiological states such as hunger. They
estimated that about 80% of the pattern of the field rhythm of G. m. morsitans is due

to endogenous circadian clocks. The initial attraction of G. m. morsitans and G.
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pallidipes is primarily mediated through endogenous rather than host stimuli (Torr,
1988).

- Roéers (1977) observed a four day periodicity in recapturing rates of males of
G. f. fuscipes suggesting a 4-day feeding cycle. Jack (1939) however stated that
hunger is not the primary factor; and that flies are attracted to the points of greatest
light intensity in the biotope. To locate a trap, a fly must be in its active phase (Laird,
1977). When Torr (1988) presented a moving target for 8 minutes, considerably more
flies emerged from the refuge as compared with the numbers leaving when no light was
visible; the percentage of different species and sexes responding was similar.

Vale (1980) discussed the importance of flight as a factor in the host finding
behavior of G. m. morsitans and G. pallidipes and as a mean of encountering host
stimuli in woodland and open areas and with mobile and stationary targets. He
observed that flight can be initiated in the absence of external stimuli, especially when
flies are in need of food and at times of day when flies appear at baits; this contributes
to a mean daily displacement of several hundred meters in seemingly random direction
(Bursell, 1970).

Oloo (1983) who studied the ecology of G. f. fuscipes at Gunga (Kenya)
observed that light intensity was the key factor controlling the activity, with a peak
observed at 10:45 at 20-26 °C. Mwangelwa (1990) caught no fly further than 100 m
from the lakeshore. Willett (1965) observed G. f. fuscipes in areas away from rivers,
particularly in Lantana camara thickets and in rings of vegetation surrounding villages
in South Nyanza, Western Kenya. Okoth (1985, 1986) reported a similar situation in

Uganda.






13

radio-waves. Moonlight is low in intensity but has almost the same spectrum. Two
characteristics of light can be regarded as qualitative properties: wavelength and the
p_lz;ne ;n v-vhi—ch light v;z;ves are vibrating; _t_he ;;Ia.t;eA of polarization. In most insects
visible light extends from about 300 nm to 650 nm.

Since the discovery by Karl von Frisch in 1949 of the use of the polarization
plane of light from the sky in honeybee orientation, the capability has been found in
many other arthropods, both terrestrial and aquatic. Fast eyes of rapidly flying diurnal
insects such as bees and flies may resolve flicker frequencies as high as 265 per second
(Marler and Hamilton II1, 1966).

2.3.2 Traps and targets for tsetse flies

Targets and screens were developed in both Zimbabwe and West Africa for
tsetse sampling and control. These consist principally of a central insecticide-covered
cloth usually about 1 m in area. The face of the cloth is at right angle to the wind
direction, presenting the maximum visual target for flies approaching from upwind. In
addition to the visual component, an invisible flanking net was subsequently
incorporated (Wall and Langley, 1991). Gouteux and Noireau (1986) tried an
insecticide-impregnated model with intersecting blue and black screens with a plastic
roof to protect from rain. It was as efficient as a biconical trap for G. f. quanzensis and
G. p. palpalis.

Preferred target colours in the laboratory are black, blue and red; very few
landings were observed on white and yellow (Green, 1991). During standing catches,
electric screens - devices with electrified wires which electrocuted landing flies - are

not markedly superior to the catch by measuring hand nets, but with moving catches
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the electric traps on average catch higher numbers of both males and females of G.
palpalis and G. tachinoides (Muirhead-Thomson, 1991).

Turner (1987) found no significant difference between trapped and
electrocuted G. pallidipes in terms of pregnancy condition and age structure. Traps
were relatively more effective in catching males than females by a factor of 1.4.

Green (1986) studied trap responses of G. palpalis and G. tachinoides. He
found that to perform well on a biconical trap, a colour must attract flies without
inducing landing e.g phthalogen biue, but low landing is observed when used on
screens. Any cloth used in combination with phthalogen blue for screens should be
strongly reflective in 300-490 nm. But the relative attractiveness of black, blue and
white depend on the species, the type of trap and the placement of colour on the trap
(Challier, 1982 and Dransfield ef a/., 1982). In the same logic, Jordan and Green
(1984) concluded that the most important colour determinant of trap score is the
proportion of attractive blue (400-500 nm) to unattractive green-yellow (500-600 nm)
in the reflectance of the material used. With materials strongly reflecting UV, a high
proportion of flies, especially females, land (Jordan and Green, 1983). Reflectivity of
red (above 600 nm) is also a positive factor in trap attractiveness.

Practical interpretation of field data is usually made difficult by inconsistency
and failure to relate colour to objective physical standards (Jordan and Green,1983).
Optimizing the visual attractiveness of targets is particularly important if odour is not
employed to affect the initial attraction of tsetse to their vicinity.

Turner (1987) observed in Lambwe valley (Kenya) that the behavioural

responses of G. pallidipes to colours in the field are complex. In general, trap



effectiveness depends mainly on reflectivity from four different wavebands: blue-green
and ultraviolet correlate positively with trap performance and green - yellow - orange
negatively . - - )
2.3.3 Effect of shade and shape on the attraction of tsetse flies.

Green (1989) stated that, because of differences in the biology of riverine and
savanna tsetse species, workers in west Africa have concentrated on developing the
visual attractiveness of traps, while those in East and Southern Africa have been
particularly concerned with odour bait technology. These two approaches are now
coming together.

The preference of unmated females and males in the laboratory for landing on
vertical surfaces and borders of visual contrast is believed to be related to the innate
alighting and resting behaviour. Pregnant females, however, show strong preferences
in the laboratory for landing on horizontal surfaces, simple and unbroken areas and
subterranean cavities (Allan e? al., 1987). Pregnant females show no preference for
substracts of particular colour in the laboratory. The colour most attractive to host-
seeking tsetse is blue followed by black and white. Of interest, are findings that the
brightness of white cloth used for traps correlated with the number of insects collected
(Allan et al., 1987).

Tsetse are more attracted to uniform black targets than targets with numerous
or complex edges such as strings. Increasing the size of moving or stationary targets
increases the alightment response. High sensitivity to contrasts permits tsetse to detect

distant objects (Allan ez al., 1987). The preference insects exhibit for particular shapes
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is related to the complexity of outlines: the more complex the contour, the more
attractive a figure proves to be.

No consistent differences in ages and nutritional states were found between
tsetse caught by coloured targets, but those landing directly on the cloth portion of
target had lower fat reserves than those intercepted on an adjacent netting panel. The
positioning of a strip of black against a white (painted) background optimized target
efficiency on G. pallidipes (Green, 1988). Impregnated targets are black to maximize
the landing response.

The best traps are those that provide a shaded area in such a way that tsetse
attracted from far may mount into the lighted parts of the trap (Laird, 1977). The trap
must be sighted in such a way that all day it makes a marked contrast with its
environment. During the dry season, high catches are expected because natural shade is
reduced; flies look for shade in traps. Laird (1977) noted that large traps are better
perceived from distance, except for G. palpalis and G. tachinoides.

It is hypothesized that, based on the tendency of Glossina to move towards
dark surfaces and shaded cavities, the body of a trap is mistaken for a belly of an
animal. Thus, many of the most effective types of trap were roughly the size and shape
of a goat or small antelope and it was assumed that this resemblance to a potential host
was the basis of the attraction of the fly to the trap. Once in the cavity of the trap,
tsetse flies find themselves in a dark environment; then they are attracted toward the
lighted summit of the trap (Laird, 1977). Inside the trap, the strongest light stimulus
comes from above, through the mesh cone and as a result, once inside the trap flies

tend to move into the collecting device at the apex (Wall and Langley, 1991).
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2.4. Host-finding by tsetse

Many facets of tsetse behaviour have been substantiated, either by direct close
observation or at a distance with the aid of a telescope. By following a number of tame
animals it is possible to record tsetse alighting or engorging on different body regions,
and even to follow the movements of individual flies which alight several times on the
same animal (Muirhead-Thomson, 1982).

2.4.1 Responses at long-range and anemotactic behaviour

In the opinion of Willemse and Takken (1994), four stages are recognized in
the host-locating behaviour of flying insects: ranging, activation, orientation, and
landing. The stimulus which evokes approach in daylight usually seems to be the visual
one of host movement. At night, a positive anemotaxis triggered and maintained by
olfactory stimuli, seems to be more important than visual stimuli in guiding certain
insects to their vertebrate hosts (Galun, 1977).

Willemse and Takken (1994) estimated that 80% of the flies leaving an odour
plume in a cross-wind direction turn sharply but without regard to wind direction,
whereas 60% of flies entering an odour plume turn upwind. But, in typical tsetse
habitats (e.g) in Rekomittje, Zimbabwe, wind speeds are low and the wind commonly
changes direction at the rate of 5-20 deg./s; So Bursell (1984) assumed that under such
wind conditions host location by upwind anemotaxis might be difficult.

Vale (1980) observed that 80 to 100% of flying tsetse responded to the host
stimuli they encountered while flying into and out of woodland clearing. Jordan and
Green (1984) stated that host-oriented responses of Glossina spp are directed partly by

the movement of the animal and partly by its smell.
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But, odour-guided host location is more important among savanna tsetse
species than among the riverine ones (Filledier et al., 1988). Odour might be of little
use in riverine habitat because it passes out of the forest if the wind is blowing
perpendicularly to the forest edge. Tsetse following such an odour trail might waste
energy, because it would not lead them efficiently to the host animal. A better way for
this tsetse to find the host would be to fly over the waterline until an animal crossing or
drinking at the site is reached (visual cues). In fact, Green and Cosens (1983) had
shown that tsetse flies sit strategically, They favour horizontal branches 1-4 inches
diam. The fly hangs from underside of a branch with the head pointing downwards
along it, such a position affording the insect a maximum field of view..

Long-range attractiveness of an animal seems to be determined largely by
weight rather than species. This suggests that long-range olfactory responses appear to
be triggered by kairomones that are similar for most host species (Willemse and
Takken, 1994).

Vale (1980) observed that the final stage of locating stationary hosts depends
largely on upwind flight in response to host odour which, in the case of ox odour,
forms a plume that extends effectively for about 90 m. However, he recognized that
little is known of the circumstances under which upwind flight is initiated or the means
of navigation in the plume. Flight can also be initiated in the absence of external
stimuli, especially when flies are in need of food. Ranging in search of a host is an

important strategy (Vale, 1977).
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2.4.2 Responses at close-range

Muirhead-Thomson referred to studies in the 80s conducted on cattle which

were either tame enough to allow the observer to approach and net flies as they landed,
or at least sufficiently tame to allow an observer to stand for long periods at a distance
of 10-15 ft, the identification of landing species being assisted where necessary with
the aid of binoculars. In the choice of animal host for these experiments, no difference
was noted between the attraction of animals of different colours by Tabanids.

Galun (1977) divides the blood-sucking process into four successive steps:
attraction to the host and settling (orientation); probing and tasting (initiation of
feeding); and withdrawal of mouthparts (termination of feeding). First, there must be
active movement towards the warm-blooded host guided by visual and thermal stimuli
emanating from the host.

Though generally variable in detail, the chemical stimuli conform to a common
general pattern and are dominated by carbon dioxide, water vapour, fatty acids and
their derivatives (especially lactic acid), ammonia and amines. The biting behaviour is
conditioned mainly by visual and olfactory stimuli. Galun (1988) reported that the
ability of G. tachinoides to detect ATP is the highest recorded so far among insects.

Goes van Naters et al. (1993) provided electrophysiological evidence that for
G. f. fuscipes human sweat is an adequate stimulus. The receptor cells which respond
to human sweat are located in two sensillae proximal to the base of the empodium at
the distal end of the fifth tarsomere. The receptors are sensitive to 4 of the 14 major
components of sweat tested: uric acid, leucine, valine and lactic acid. It is shown that

flies display more feeding on surface treated with sweat, uric acid, leucine or valine
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than on untreated surfaces. Although there is some evidence of the existence of close-
range olfactory cues such as lactic acid (Vale, 1979) and sebum (Warnes, 1989; 1990)
no studies have yet been undertaken to examine whether such cues influence the
feeding choices of tsetse.

On the other hand, there are indications that at close range the host species
produce distinctive kairomones from their skin that may cause differences in the
alighting responses. Willemse and Takken (1994) quoted Warnes (1989, 1990) who
had shown that low volatility skin products, such as lactic acid and ox sebum, affect
feeding success and behaviour after alighting but have no effect on the alighting
behaviour.

Other aspects of odour that affect the alighting behaviour are concentration
gradients. When visual targets are presented, odour gradients tend to increase the
proportion of flies that alight on or land near the targets as observed by Bursell (1990).
Willemse and Takken (1994) indicated that near an odour source, tsetse divert to
visual objects. The percentage diverting depends on visual aspects (size, shape, colour)
but not on composition of the odour or loss of contact with it. Some important stimuli
from man are visual; the movement of man may account from a distance, whereas the
upright form of man may be a close-range repellent (Vale,1979).

Marler and Hamilton III confirmed that the stronger the stimulus the longer the
bout of feeding of flies, feeding bouts lasting on average from 51 to 133 seconds,
depending on the length the animal had been deprived of food. The effect of blood
compositions on host discrimination, i. é. the presence of proper phagostimulants in the

diet is very important as shown by Galun (1977).
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2.4.3 Tsetse attractants

Since tsetse are kgov_vn to be selqc_tive about thei_r hg§ts, hqsitfﬁnding may
involve specific blends of attractants and stimulants or deterrents. Considerable
progress has been made in identifying such kairomonal compounds that mediate the
host-seeking behaviour. These compounds form part of the excretory products of host
animals and include breath volatiles like carbon dioxide, acetone, butanone and 1-
octen-3-ol (Vale and Hall, 1985 ) and urine phenols comprising the parent phenol, 3-
and 4-cresol, 3- and 4-ethylphenols, and 3- and 4-n-propylphenols of which 4-cresol
and 3-n-propylphenol have been found to be crucial compounds (Okech and Hassanali,
1990). These compounds are either emitted by the hosts themselves or as part of
airborne volatiles of their excretory products (Saini and Hassanali, 1992).

Thermal stimuli are important in attracting ticks, bugs, lice, mosquitoes and
tsetse flies to their hosts. The importance of a warm upward current of air for host-
finding was demonstrated for ticks, blackilies, fleas and mosquitoes. Neither CO, nor
visual or thermal stimuli could account for any host specificity. A single blood-sucking
species may be polyphagous and feed on several species of reptiles, birds, or mammals
(Galun, 1977).

The scent of elephant dung and urine attracts G. morsitans Westwood and that
of excreta of buffalo, cattle and hippopotamus, G. pallidipes Austen. Hippopotamus
odour was also attractive to G. palpalis fuscipes Nestead (Den Otter et al., 1988,
Chorley, 1948) . Mohamed-Ahmed et al (1992) found a similar preference in

G.f.fuscipes of Western kenya. The studies of Den otter (1988) did not show any



difference in the response of 5 tsetse species to acetone, 4-heptanone, 3-nonanone and
octenol. It sugg?sts ,th%t these compounds do not determine host preference.

Attractive components of odour are exhaled by the host. So, they are released
discontinuously (Vale, 1984). Willemse and Takken (1994) noted that for tsetse, visual
cues, including contrast, shape, and colour, are important in host location at short
range. However, tsetse are also able to locate hosts from much greater distances that
are not visible to them. Tsetse could employ two different policies in their overall
strategy of host-location: ranging in search of hosts and waiting for passing animals
(Vale, 1980).

2.4.4 Host preference by tsetse flies

Tsetse land and feed selectively on their hosts. Galun (1977) postulated that in
the face of competition from other parasitic species, the polyphagous parasite will have
a higher survival rate on those hosts on which it is a more successful competitor.
Animals avoided by tsetse flies include duiker, waterbuck, Grant's gazelle, impala,
hartebeest, zebra, baboon and dikdik. Lamprey et al. (1962) studied a system where
the impala accounted for about 70% of mammals in the area, yet they contributed only
for 1% of the meals of G. swynnertoni while the relatively scarce warthog contributed
77%.

Turner (1987) found no relationship between the relative abundance of
different vertebrate species and the frequency with which they were fed on by G.
pallidipes. Impala, obi, water buck were common in Lambwe valley (Kenya), but not
fed on or hardly fed on (reed buck, hartebeest). 70% bloodmeals were from bovids

with 57.1% from bushbuck and Buffalo, 25.6% from suids (bushpig), duiker (7.6%)
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Plate 1: Diagram of the various vegetation communities and location map of the main

; trapping sites during this study on Rusinga Island, Lake Victoria.
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At the site where most of the electric screen experiments were run, Sesbania
sesban was tall and dominant with Aeshynomene underneath. Wood trunks of
Aeschynomene dominated the littoral. Andropogon spp. colonized the background. At
a site where the red colour combinations were tried, near a resting site of
hippopotamus (Hippopotamus amphibius Linnaeus 1758) with a huge hippo dung on a
corridor 100 m from the shoreline, there is a bush of Sesbania sesban with Lantana
camara as undergrowth and Vernonia sp. on the margins.

The trapping experiments conducted at the farthest point from the lakeshore
(ca. 200 m) took place in a dense shrub dominated by Vernonia sp. and Lantana
camara with some scattered Ficus sp. on which 6 monkeys (Cercopithecus
albogularis Sykes 1831) were sometime observed. The lake side just across the road
(corridor) was dominated by Sesbania sesban with Vervetia sp. and a banana field.

This seems to be the main hippo refuge at breeding times (footprints, dung,
daytime occurrence with a kid). Some porcupines (Hystix africae australis Peters
1852) were observed in this biotope. Most trapping experiments were conducted just
at the shoreline. At a site quoted no 8 at open lakeshore, there was scattered Sesbania
sesban and Andropogon sp. at the margins on the lakeside; Vernonia sp. and Lantana
camara with Sesbania were associated in the background.

Site no 7 comprised of a denser shrub with the ambatch in water and Sesbania
just next on land. Site no 6 was a water-logged swamp with the ambatch dominant and
with Sesbania off swamp. Water hyacinths were abundant and lianas covered the
ambatch. Sites no 3, 4 and 5 were bushes of ambatch and lianas and Aspir sp. Site no 2

was colonized by an association of Aeschynomene-Sesbania-Lantana and reeds and
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Papilonesi sp. Site no 1 was dominated by big trees of Sesbania at the lakeshore and a
_thic_:keﬁ o_f Lantana:reeds— I"’ervetiq. On:x}y here: Scirpqs was observed in water 5 m from
the lakeshore. Bathing places were scattered all along the shoreline. Cattle and goats
were brought for drinking; People searched for worms (fishing-baits) in swamps.
3.1.2 choices of colours in the field

Electric screens with 130x115 cm frames painted matt black were used. They
carried 8-mm-spaced high tension wires across. They were used to mount 50 cm of
coloured cotton fabric flanked with 25 cm of black netting either sides.

A single colour or a colour combination was set on each screen between the two

- parallel series of wires (Fig. 2). The electrocuting-grids were powered by a 12 V car

battery driving an inverter-transformer oscillator generating spikes of > 25 kV lasting
ca. 250 us, discharge frequency 67 Hz; 0.018 coulombs (Griffiths et al 1994). Batteries
were tested for voltage in the morning after charging over night.

The screens were set at selected sites with dense tsetse populations. Multiple-
choice designs were used (Griffiths et al 1994; Bracken & Thorsteinson 1965). Two
screens were set for two-choice experiments, and three screens were used for three-
choice experiments. Positions of colours were changed at each replicate in the twos or
the triplets following the order A-B, B-A or A-B-C, B-C-A, C-A-B. Four to six
replicates were done for each experiment. A distance of 30 cm separated any pair of
screens. The blue/black combination (score = 1.0) was used as a control at each trial.
When one screen underwent an interruption, the whole set was discounted. This was

to control the effect of position at each site.
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The sampling time was between 1000 h and 1400 h which is the range of the
peak activity of G.f.fuscipes. Each session was running for three hours to avoid
exhaustion of the car batteries. The buzzing sound of the sparking on the wires
allowed us to judge whether a screen was still running. Very short visits at the site
were made hourly to ensure that the system did not stop. Experiments were carried on
only by sunny days when flies are active, and also to reduce the variation of
reflectance.

Flies caught on the sticky iron-sheet just below the cloth represented the
"landing" component of the catch. The catch below the flanked black netting
“constituted the "spinning" or "milling" component of the sample. The sum of both
components is the total approach to a given colour or colour combination. The flies
electrocuted on electric screens were sexed and counted.

3.1.2. Measurement of the reflectance of the experimental cloth fabrics

The portable spectroradiometer Li-Cor Li-1800 was used to measure the
reflectance of the experimental cloth fabrics. The scan limits extended from 300-850
nm. The scan interval 2 nm was chosen, with 3 scans simultaneously. The presence of
the incorporated calibration files was verified. The illuminator lamp was allowed to
warm up at least 30 seconds before taking any data. The sphere ports A and B was
attached to a standard camera tripod to maintain the ports horizontal to avoid
illuminator output variations due to the orientation with respect to gravity.

The output gave the reflectance (% as compared to Barium sulfate) which
resulted from the ratio Rs =1Is / Ir:

where Rs = reflectance of the sample
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Is = sphere output when the sample is measured

Ir = sphere output when the reference material, barium

sulfate, is illuminated
3.1.3. Measurement of the irradiance of the cloth fabrics

The portable spectroradiometer Li-Cor Li-1800 was used to measure the
irradiance of the experimental cloth fabrics. The blue (450-490 nm) and the near infra-
red (750-850 nm) ranges of the spectrum were selected for the measurement of the
quantum reflectance of the experimental cloth fabrics and of skin samples from the
neck, the back and the leg of a Nile monitor. The selection of the above wavebands
was based on previous results showing that a given colour's intensity of landing and
spinning is strongly related respectively to its reflectance in the blue and in the infra-red
ranges.
Each sample was scanned 4 times from 390 nm to 850 nm, yielding a separate file for
each experimental colour. The spectral integration (IT) was performed within each file
over the blue and the infra-red wavebands. The output irradiance value of the
waveband was divided by the wavelength range, respectively 40 for the blue and 90 for
infra-red ranges. Mean values were, thus, obtained in watts/m*/nm. The Quantum
integrate function (QI) was also used to apply a quantum transformation and estimate
the quantum flux density over the given wavelength ranges.
Correlation between reflectance values and flies caught in the field. Means of the
reflectance within each spectral class were obtained by computing the average of all
the values at 10 nm interval from the first 2-nm-scans; e.g. the reflectance (%) at 450

nm, 460 nm, 470 nm... in the blue spectral class. Means of the reflectance within each
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3.1.5. Identification of the experimental colours

The nomenclature of experimental colours (Plate 2; Table 1) was done according to
the Horticultural Colour Chart of the British Colour Council and The Royal
Horticultural Society (Wilson, 1938) and the Rock-colour Chart of the Geological
Society of America (Goddard et al. 1963) for dark colours.

3.1.6. Approximation of the sensitivity curve of G.f fuscipes

Owing to the difficulty to run the appropriate phototactic and
electroantennographic experiments, especially involving the invisible range (ultra-violet
and infra-red), the sensitivity curve was estimated using the intensity of the relation
between each class of wavelength and the intensity of the landing or of the attraction
(r-square such that negative Pearson's r in case of repellency or positive 1 in case of
attraction are not shown). Two separate hypothetical curves were thus yielded
respectively for the landing-behaviour and the attraction.
3.1.7. Distribution of G. f. fuscipes and rainfall as a factor of its dispersal

Eight biconical traps were set in the field. Catches were recorded every 24
hours. When an episode of rainfall occurred, catches of the successive days after the
rain were compared to catches of the days before that rain (T-test). Taylor's power law
was used to assess globally the distribution pattern of G.f.fuscipes (relationship mean-

variance) .
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3.2.2 Body zone choices of Gf fuscipes on the monitor lizard

One monitor lizard was placed at a time inside a wooden cage (92x3 5x35 cm)
with a metal base and fine wire mesh on the sides (Plate 4). The sensors of a digital
thermoanemometer and a light-quantum-meter (radiometer) were set, hanging upside
down in the cage to measure respectively temperature and intensity of solar radiation
in the cage. A stop-watch was held to monitor the duration of the different behaviours.
Tsetse flies were caught in biconical and pyramidal traps and used immediately for
experiments in the field.

Ten flies were introduced inside the cage using a sucking-tube. The body zones
of the monitor were named according to Plate 3. Flies responding (landing, probing,
feeding) were recorded. The main parameters measured were: time, light energy (solar
radiation) and ambient temperature inside the cage, body zone, lizard size, behavioural
sequences. Each session comprised of 15 minutes under bush shade and 15 minutes
under direct sunlight . Subsessions were alternated in the sequence sun1-shadel-
shade2-sun2,... Flies were released through the sliding-door at the top of the

experimental box at the end of each session.
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discrimination function (Digby and Kempton 1987) after log 10 transformation
(candisc, SAS 1987). |
3.2.4.2 Pattern of the diel activity of the varan

The pattern of the diel activity of the varan was studied at a site where 10-12
varans were observed every day on tree trunks in water inside the littoral zone. This
site is represented on Plate 6. Ten visits were done early from 0600 h to monitor the
hour of the first haul-out. Continuous sessions were organized to record the
intraspecific interactions of the varans. Tsetse flies landing on the varans and the
heights and angles for basking were also recorded like at several other sites. Basking
heights and angles were estimated visually. These sessions helped to prepare the
record-sheet for the hourly sessions on the basking behaviour.

Observations with 10x50 field binoculars were done hourly from 0800 h to
1800 h. Behavioural acts were written on a record-sheet. The behavioural repertoire
included haul-out, basking, haul-in, hunting, swimming acts.

The relation weight-length of the varan was estimated. The total length was
measured from the tip of the snout to the distal end of the tail of dead varans. Varans
were weighed. The decimal logarithm of weights (kg) and of length (cm) was

calculated. The relationship weight-length was obtained by de-linearizing the relation:

log10 (weight) = log a + b log (length)
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variances were heterogenous). To find out the relationship between catch index and
abundance of flies, the catch index at eacll s_ite _(mear_l or valueﬁ at each replicatg) was
regressed against the catch from the unbaited (standard) trap at that given site and
replicate. Means of catches (control and treatment) were classified as well by effect,
i.e attractancy when there had been an increase of the catch in the treated trap;
repellency when the control trap catches more than the treated trap.
3.3.5. Mechanism of the density-dependence of the catch index

Data from field binocular sessions where the behavioural repertoire of G. 1.
Juscipes around conventional traps (Vavoua, pyramidal and biconical trap) were used
to find the relation between the intensity -of "entering" into the trap and the number of
flies “seen on the trap” at each subsession. For this purpose, data from each session of
two hours were grouped into subsessions of 10 minutes. The ratio (number entering /
total observed) was calculated for each 10-minutes subsession and regressed against
the total number observed during the same subsession.

Dead male flies (decoys) were attached at each face of three biconical traps
using a needle and a black thread. The number of decoys was respectively 5-10-20
uniformly distributed just on top of each of the two openings on the lower cone. These
three biconical traps were compared in pairs with the standard. Intertrap distance 50-
100 m.The catch index was regressed against the number of decoys set or remaining
on the trap at each daily visit.

A standard biconical trap (blue/black Challier-Laveissiére 1977) was set in the
field at the lakeshore. A momnitor lizard (2,100 g) in a PVC tube was ventilated with a
fan which was run with a car battery 12 V (Plate 8). The tube was hidden with grass,

at an elevation of 40 cm at a distance of 1.5 m from the pole of the trap (horizontal
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Table 2: Responses of G. f. fuscipes to single-coloured cloth fabrics (set on electric
_screens) in Rusinga Island, Lake Victoria, Western Kenya. De-transformed means (%

of the total catch of each experiment) are given.

exp no. treatment Number of landing spinning total
(replicates) flies caught (%) (%) (%)
1(6) black 465 950 1222 2L.7b
blue 11.1b 204a 31.5ab
blue/black 21.5a 229a 444a
2(5) green 296 26b 1476 17.3b
orange 7.0b 1696 23.9
blue/black 202a 356a 55.8a
3(4) Peoney purple 132 132b 17.4ab 30.6ab
violet 79¢c 143b 22.2b
blue/black 242a 22.7a 469a
4(3) blue/white 161 3.5 172a 20.7b
yellow 19 164a 183b
blue/black 23.1a 378a 60.9a
5(4) red 64 423a 198a 62.1a
blue 173b 219a 392a

Ryan's Q test used for comparison after arcsine transformation. Different letters represent a significant
difference between rows, within each experiment no.. where 3 targets are compared. Only experiment

no. 5 involved 2 targets.
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Figure 3: Best options proposed to replace the conventional black target for Glossina f.

fuscipes. Performance of alternatives in terms of landing and milling around as
compared to a black screen. b/wh = blue/white; b/bla = blue/black;

b/pur = blue/purple; bla/pur = black/purple; br/pur= brown/purple.
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Table 3: Responses of G. f. fuscipes to targets with combined colours of cloth fabrics

(set on electric screens) in Rusinga Island, Lake Victoria, Western Kenya. De-

transformed means (%) are given.

expno treatment number of landing spinning total

(reps) flies caught

6(6) blue/red 194 29.7a 20.0a 49.7a
blue/black 29.1a 17.0a 46.1a

7(4) blue/black/red 163 31.2a 19.1a 503a

blue/black 27.7a 20.6a 483a
8(4) red/black 82 18.4a 20.6a 39.0a
blue/black 36.7a 18.7a 55.4a
9(5) red/brown 106 259a 183a 442a
blue/black 339a 18.7a 52.6a

Ryan's Q test used for comparison after arcsine transformation.
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4.1.4 Light preferences of G. f. fuscipes

The curve of solar illumination (radiometric measurements in gE/mzl §) at
Rusinga is bell-shaped as expected. The sunrise usually occurs at ca. 06:30 (Kenya
Meteorological Service in KBC) in this Western part of the country. In the interval
0630-0800 h, light energy is low. (50-200 uE/m?s) (Fig. 1). At 0900 h it can reach ca.
900 pE/m?%s, and at 1100 h it can reach as much as 1500 uE/m%s. Usually from 1100-
1400 h, light radiation is above 1,500 uE/m?s, frequently reaching 2,100 uE/m%/s
which characterize a very bright day in international standards (Li-Cor manual, 1991).
The decrease in light energy starts at ca. 1500 h, to reach ca. 800 uE/m?/s at 1700 h,
‘and ca. 300 at 1800 h and almost 1 pE/m*/s at 1900 h.

An estimate of the frequency of overcast days (solar radiation maximum less
than 500 pE/m?/s) and bright days (light radiation between 500-2000 uE/m’/s) shows
that at most ca. 20% days of a month are overcast (Fig. 1). This is particularly true in
February, June, July, August, September. The frequency of dull days could reach 30 %
in April during the heavy rains. Usually, 7-8 hours of sunshine are observed in this
area. Only the rainy months of April and November can go as low as 6 hours on
average (heliograph data, cv 43-47%).
4.1.4.1 Solar illumination and the attractiveness of conventional traps

The approach response to biconical, pyramidal and Vavoua traps was recorded
using field binoculars at hours of peak activity of G. £. fuscipes (1100-1400 h). A clear
maximum was observed on the biconical trap in the region 1,600-1,700 uE/m?s (Fig.
8). A gradual decrease occurred above 1,700 pE/mz/s in the region 1,700-2,000

uE/m?s. This suggests that the light preferences for the fly is in the region 1,600-1,700
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of G. f. fuscipes appears to be dependent on light radiation and on relative humidity
and not on temperature. -
4.1.4.4 Behavioural repertoire around conventional traps (biconical, pyramidal,
Vavoua) and why the biconical trap performs better
The behavioural repertoire around the biconical trap was much richer than that
on the pyramidal trap and the Vavoua (Table 10). On the biconical trap, as many as 14
elements of behaviour were observed; while on the pyramidal trap and the Vavoua, G.
[ fuscipes just:
- alights and enters
- alights, performs short flights and takes off
- alights and takes off (Vavoua only)
- Performs short flights and enters (pyramidal only)
- alights, walks and enters (Vavoua only)
- enters directly
- alights, performs short flights, takes off (pyramidal only).

Very few acts took place on the upper cone (white netting) in the pyramidal

trap and the Vavoua.
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Table 12: Time spent by G. £ _fuscipes on various body zones of the monitor lizard

Body zone n duration + SE

(min.)
head 8 43 £ 252
neck 27 44 £ 0.92
backl 10 1.9 + 0.60
back2 5 22 + 195
back3 6 42 + 2.19
taill 4 04 £ 0.22
tail2 2 1.5 £ 148
femur 4 0.6 + 046
tibia 10 2.6 = 1.07

Table13: Morphological characteristics of scales on the monitor lizard, V.n.niloticus

body zone shape of scale area of scale distance bet. scales thickness
(mm?) (mm) of skin (mm)
head polygonal 4.1+0.73 0.4£0.12b 0.4+0.03
neck elongate 5.9+1.96 2.8+0.52a 0.5+0.10
back1 pyramid 4.6+1.02 2.3+£2.00a 1.8+1.39
back2 polymorph  4.6£0.73 0.5+0.11b 0.4+0.05
back3 polymorph  3.2+0.55 0.3+0.00b 0.5+£0.07
taill. rectangular  2.5+1.61 0.5+£0.10b 0.4£0.10
tail2 rectangular  1.3+0.22 0.2+0.04b 0.5+0.03
femur round 4.9+0.75 3.0+0.20a 0.5+0.05
tibia tectiform  5.1+0.53 3.0x1.05a 0.5+0.06

letters different = signif. differencewithin a column;
no letter= no signif diff. within the column; (n=10)
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response. No significant difference was observed between the feeding rate on a very
sxvqall Iizard and a very la;_ge-lizard (Fig. 15). The feeding success was very low on a
very large lizard, the skin is hardened and difficult to pierce. On the other hand, there is
a strong grooming response from the juveniles as opposed to the almost total tolerance
of an adult Nile monitor, which sometimes even tolerated bites on the peri-ocular
region. However, significantly less flies (P < 0.05) fed on very big lizard (ca 8.5 kg;

0.5 flies/session) as compared to lizards of 1.0 (2.3 flies/session) and 1.5 (1.7 flies/
session).

4.2.3 Availability of the Nile monitor as a host

4.2.3.1 Burrow and haul-out

Monitor lizards were observed coming out of hollows at the limit of the water-
air interface of old dry trunks. The burrow had a submerged and an immersed part.
This is where the big individual had spent the night. It was seen at haul-out-time at
0745hr on 28/6/1995. That day the sunrise occurred at 073 5hr with a radiation
intensity of 124.2 uE/m’/s. It took 5 min. to climb up and settle 3 m up on the same
tree trunk at the inflexion point of a branch bending West-East 30° and 45°. The skin
colour was whitish-grey as it came from the burrow and drops of water were falling
from the skin. The morning was overcast.

Monitor lizards flicker the tongue before coming out of the burrow. Upon haul-
out, they inspect the surroundings, move back immediately into the burrow, or swim to
a floating trunk or swim toward the lakeshore or immediately climb up on the same
tree trunk on which the bprrow is located. A big lizard was seen eating a crab at 0800

h just after haul-out.The handling lasted 7 min.
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Figure 16: Repertoire of behaviours in a colony of ca. 10 Nile monitors at a site located
within the littoral zone (plate 6) in July-August 1995 (n = 3-6). 1 = high up,
flat, on trees; 2 = high up, head oblique, inspecting the environs; 3 = moving
upward; 4 = moving downward; 5 = down under shade; 6 = swimming; 7 =

down on land; 8 = on a floating log; 9 = coming out from the burrow.
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Table 22: Number of monitor lizards observed by sunny or by overcast days on a
colony of ca. 10 specimens at Mbita (western Kenya) (p=3-6)

local time overcast day ~ sunny day

0800-0900 47 = 2.13 3.5 £ 0.50
0900-1000 6.5 £ 0.50 54 £ 1.16
1000-1100 9.3 £ 2.60 50+ 1.08
1100-1200 8.0 +£ 0.00 6.4 £ 0.60
1200-1300 7.7 & 2.02 54 + 0.81
1300-1400 100+ 1.00 3.7 £ 0.60
1400-1500 8.5+ 250 58+ 054
1500-1600 6.5 £ 0.50 45 + 095
1600-1700 6.6 £ 145 55+ 150
1700-1800 5.6 1092 40 + 044
1800-1900 42 = 047 6.0 £?
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Figure 22: Proportions (%) of tsetse flies which landed on the Nile monitors in the
field, in relation with (i) time of day and (ii) basking-height (n = 32 flies

observed on 25 monitors).
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Table 27: Counts from behavioural acts in the experimental wooden
flight chamber.

Treatment  no. flies rep numbers found in compartments -

released  release searchclose-range odour chamber
live lizard 26 1 10 2 2 12
live lizard 38 2 i3 6 11 8
livelizard 43 3 14 2 4 ’ 23
live lizard 24 4 9 1 4 10
stuffed lizard 53 1 27 5 12 9
stuffed lizard 21 2 11 4 3 3
stuffed lizard 21 3 10 6 + 1
stuffed lizard 24 4 12 6 2 4
empty cage 20 1 10 6 3 1
empty cage 29 2 13 7 4 5
empty cage 21 3 10 6 4 1

empty cage 35 4 15 7 9 4
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Table 37: Catches of G. f fuscipes in a blue/red (peony purple) biconical trap
compared to a standard. blue/black biconical trap on Rusinga Island, western Kenya,
Results from sites where responses were similar are pooled. Males and females and
total successively shown for each case (means of catches/day + SE).

control
14.5+ 542
25.0+ 9.22
39.5+13.14
6.5+ 1.60
6.6+ 121
13.1+ 2.61

blue/red
8.5+4.05
13.0+5.19
21.5+8.56
7.9+1.68
10.8 141
18.8+2.76

n
4
4
4
21

21
21

prob.catch index

0.44
0.40
0.44
0.41
0.003
0.02

case
0.58 decrease
0.52
0.54
1.21
1.63
1.43

increase

Table 38: Validity of the model in the ANOVA for comparison of catches of G. f.
fuscipes from a blue/black standard biconical trap and a new blue/red (peony purple)
biconical trap (n = 25; Rusinga/Island, Western kenya; log10 transformation)

source df SS MS F P>F
model (males) 11 625 056 981 0.0001**
model females) 11 249 022 3.18 0.0038**
model (total 11 456 041 5.15 0.0001**
Error (males ) 38 220 0.05

Error (females) 38 270 007

Error (total ) 38 3.06 0.08

Corrected total . Rsq. cv RootMSE Mean(logl0
males 49 073 31.1 0.24 0.77
females 49 047 282 0.26 0.94
total 49 059 255 0.28 1.11
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Table 49: Mean catch index of G.f fuscipes (lizard odour/no odour) in the presence or
absence of lizard odour at different light regimes and time of day.

range of light 500-2000 >2000

(nE/m?/s)

Males 1.37 (166.5) 0.25 (141.4)
Females 0.65 (63.3)0.75(145.2)
Total 0.82 (96.3)0.47 (35.8)

range of time (hr) 0900-1100 1100-1300 1300-1500

Males 125 (84.8)0.45 (82.4)3.00 (141.4)

Females . . 0.16(141.0)0.73 (49.9)0.83 (124.8) :

Total 0.45 (89.9)0.53 (50.4)1.16 (86.8)
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It was assumed that the flies tend to disperse when they encounter conspecifics on a
trap, and thus, enter less frequently.

Results from binocular observations (sessions of two hours; subsessions of 10
min.) showed that the rate at which G. 1. fuscipes enters the cone of the standard
pyramidal trap is inversely proportional to the number seen on the trap per subsession
(Fig. 30):

Proportion entering = - 0.12 X + 1.10; r =- 0.87; P < 0.0001.
Above 2 flies/10 min, only 50-60% of the flies which approached the trap entered; but
when only 1-2 flies approached the trap, they had a chance of up to 90 % to enter the
trap.

The same occurred on the biconical trap (Fig. 30). When 1-2 flies alighted on
the standard biconical trap, 45-90% entered the lower cone; when 3 or more flies
alighted, only 20-55% of them entered the trap. The relationship between the
proportion entering per 10 min. (subsession) and the number of flies landing per 10
min. was highly significant:

Y=-0.12X+1.03; r=-0.76; P < 0.0001.

In another series of experiments, 5-10-15-20 decoys were stuck on standard
biconical traps (Fig. 31). No significant relationship was found between the catch index
of males and the number of decoys on the trap (r = 0.22;T =-1.05; df = 22; P = 0.30).
But female flies entered more in the trap at lower numbers of decoys as opposed to

higher numbers of decoys (10-20) (Fig. 31):
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G.tachinoides, another riverine tsetse, showed that phthalogen blue is the most
attractive colour and vellow the least, with black, red, violet and white intemze_c_iia:c_e 7
(Green, 1990). Interestingly, the proceedings of the OAU tsetse conference held in
Maputo (ISCTRC, 1997) show that the cloth fabric does not matter significantly in the
attraction and landing of riverine tsetse, unlike savanna species.

Blue is widely considered as the most effective colour of material to use in
the construction of tsetse traps and screens (Laveissiere and Couret, 1981). However,
that colour is not universally chosen. Dransfield et al (1982) insisted on the
attractiveness of white, while yellow and green had been shown to be constantly
unattractive (Allan et al., 1987). - - =
5.1.2. Responses to targets with combined colours

In this study, it was observed that none of the single colours, including biue
and red could advantageously replace a blue/black target. For attraction, a blue/red
target is the best combination (2.6 times more attractive than a conventional black
target), followed by red/black (index = 1.98) and blue/black (index = 1.88). For the
landing response, blue/red/black (index = 2.08) and blue/black (index = 1.88) are the
best options to replace a conventional single black target. In fact, on a target, the
objective is to cause the fly to land on the cloth portion or to collide with the flanking
nets to pick up the insecticide.

In fact, the high sensitivity of tsetse flies to contrasts as a means to detect
distant objects (Allan er al., 1987) is known. In this respect, Muirhead-Thomson
(1991) reported that colour combinations are useful for simple screens but not for

flanked ones; in the absence of side-panels, blue-and-white targets were twice as good
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The diel activity patltem of G.f fuscipes had been studied elsewhere. It
comprises of a first peak around 0900-1000 h (Mwangelwa, 1990 and Oloo, 1983), or
around 1100-1200 h (Mohamed-Ahmed and Odulaja, 1997; Laird, 1977 and Kettle,
1991) and a second peak around 1400 h, East African time. Both sexes are primarily
caught in traps between 0900-1300 h (Mohamed-Ahmed ef a/., 1992).

It was observed in this study that, betwéen 0900-1000 h, most Nile
monitors are already basking (emergence time) on tree trunks along the lakeshore. The
number of monitor lizards basking at a given site remains almost constant until 1300 h.
In the interval 1300-1400 h, Nile monitors go back to their burrows in tree trunks
inside water. At 1500 h the numbers build up again but the afternoon peak is lower in
amplitude than the morning peak. Most of the varans leave the trees at 1700-1800 h
for their evening haul-in. During overcat days, the varans remain on the trees, without
a mid day haul-in, performing a unimodal activity pattern.

Yeboah (1993) found that the time of emergence of V.niloticus when half
of the varanids had come out of their burrows extended from 0720 to 1020 GMT. The
mid day haul-in was also found in the bengal monitor, varanus bengalensis
(Auffenberg, 1994) but the haul-out time by overcast time here is not as much delayed
as compared to the bengal monitor. It may imply a lesser role of ambient light in the
haul-out of V.niloticus .

Previous studies (Auffenberg, 1994), showed that water loss is greater in
V.niloticus than in tropical skinks and geckos, which explains the preference of

V.niloticus for living near water and for having a midday haul-in only in sunny days.
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And no significant differences éccur in the thickness of the skin from all the body

_ zones. However, the largest distances between scales are found on the femoral and on
the tibiotarsal regions of the limbs (3.0 mm) and on the neck (2.8mm); elsewhere, the
scales are close and almost juxtaposed.

Presumably the spacing of scales is a relevant factor for the feeding
response. Blood-sucking relies on the ease to insertv the mouthparts through the skin
and flies are likely unable to pierce the scale of the varan. Muirhead-Thompson (1991)
also recognized that different species of tabanids tend to select specific areas of the
body when attacking and feeding on livestock. Species with shorter mouthparts show a
preference to feed on areas with short hair.

The significant increase of the landing and feeding response on the head,
neck, and limbs in direct sunlight as compared to sessions under shade, suggested that
reflectance plays an important role to elicit the landing-response. The observer can
easily notice the ebony black look of the head, the neck and the limbs of the nile

monitor during a basking-session.
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very dependent on illumination, rather than vegetation type. It could be possible to
minimize tsetse bites for cattle by accordingly chosing drinking or grazing-hours and
places; water-fetching or swimming hours and places could also be meticulously

chosen for men.

. When the Nile monitor was present in the odour chamber of the experimental cage,
flies performed an active upwind flight towards the next compartment where farther
search for the host would occur. Odour baits from the Nile monitor lizard could be
useful in tsetse trapping. This big lizard is also an alternative host of this fly, thus
reducing bites to livestock and humans. Therefore, there is one more reason to protect

this reptile.

. There is a significant positive relationship between the number of bent dry logs of the
ambatch tree, Adeschynomene elaphroxylon and the number of Nile monitors at sites;
there is also a positive relationship between the number of Nile monitors at sites and fly
catches. Tree trunks could be factors in mid-term models of tsetse colonization;

monitor lizard counts could be useful in short-term models of the same.

. Catches of Glossina f. fuscipes can be boosted 3-fold with acetone and cow urine at 5-

6 weeks of storage.
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Appendix 3: Data when catches were classified by vegetation density, corridors, host
presence. Variables: vegetation attributes (dense?corridor? open), men, monitor

lizards, males, females.
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dco 1 0 6 9
dco 1 1 3 9
dco 0 4 1 9
dco 0 0 2 9
dco 1 0 2 3
dco 0 0 4 3
dco 3 0 1 9
dco 1 0 4 3
dco 0 5 0 1
dco 0 0 0 0
dco 1 0 0 2
dco 1 1 0 0
dco 0 0 1 3

Appendix 4: Data when choices of body zones by G.fuscipes were observed on the
Nile monitor. Variables: lizard size, latency (min.), number responding, temperature

range, time of day range, number engorged, duration of lizard captivity, sun exposure.

35 2 4 4 2 4 4 sun
3.5 7 6 2 2 sh
35 1 4 3 3 sh
3.5 7 1 3 4 6 4 sh
3.5 5 2 5 4 3 4 sun
3.5 13 2 5 5 0 4 sun
35 21 3 5 1 4 sh
3.5 1 6 § 6 4 4 sun
1.0 2 4 4 2 4 3 sun
1.0 5§ 2 § 3 1 3 sun
10 05 1 5§ 3 1 3 sun
1.0 6 1 4 4 1 3 sun
10 04 1 2 5 1 3 sh
10 02 6 4 5 5 3 sun
1.0 5 3 2 6 3 3 sh
1.5 5 4 5 3 3 3 sun
1.5 5 3 3 4 3 3 sh
1.5 9 3 5 4 2 3 sun
1.5 09 3 2 5 1 3 sh
1.5 4 8 5 5 6 3 sun
1.5 2 5 5 5 3 sun
1.5 11 1 3 6 3 sun
8.5 2 5 4 3 0 7 sun
8.5 4 5 2 4 0 7 sh
8.5 11 1 3 4 0 7 sh
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Data when basking monitor lizards were hourly counted to evaluate their

availability as a host for the fly. Variables: time interval, total, lying up on a tree, up

Appendix 5

with head raised, climbing up, moving downward, in shade, swimming, on land, on

floating trunk, coming from the burrow, entering into the burrow, low on a tree,

weather.
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Appendix 7: Data when cow urine of 3-4 weeks was used as a bait on a biconical trap

with a peony purple (red) target inside. variables: trap site males females.
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2  blacred 5 1 15 3 2 16 2
2 ctrl 7 9 17 3 2 26 2
2  blacred 8 7 13 3 2 20 2
2 ot 10 2 9 3 2 11 2
2  blacred 9 0 5 3 2 5 2
2 ctrd 8 4 10 4 2 14 2
2  blacred 7 1 7 4 2 8 2
2 ctrl 9 1 6 4 2 7 1
2 blacred 10 9 9 4 2 18 1
2 ctrd 6 9 16 5 3 25 2
2  blacred s 5 12 5 3 17 2
2 ctr 7 2 9 5 3 11 2
2  blacred 8§ 1 6 5 3 7 2
2 ctr 10 4 8 S 3 12 2
2  blacred 9 7 13 5 3 20 2
2 ctrd 5 7 17 6 3 24 2
2  blacred 6 2 8 6 3 10 2
2 ctrl 8 8 6 6 3 14 2
2 blaced 7 2 11 6 3 13 2
2 ctrd 6 6 12 6 3 18 2
2  blacred 5 0 2 6 3 2 2
2 ctr 7 5 14 6 3 19 2
2  blacred 8 5 8 6 3 13 2
2 ctrd 5 8 10 6 3 18 2
2  blacred 6 11 24 6 3 35 2
2 ot 8 6 13 6 3 19 2
2  Dblacred 7 3 5 6 3 8 2
2 ctrl 9 12 27 6 3 39 2
2 blacred 10 9 14 6 3 23 2

Appendix 9: Catches in standard pyramidal blue/black and in a pyramidal blue/red -

(Turkey red; n = 7) set on a discontinuous lakeshore vegetation with a large open

corridor .
sex or total mean + SE Kolmogorov
score prob

male 7.0£2.14

2.7+£0.77 039K
female 11.3+5.82

8.4+3 .35 0.66
total 18.3+7.45

11.1£3.89 0.39









Appendix 13: Catches in standard biconical trap and in biconical with blue and red

~ inside (Doge purple; n = 3) set on a discontinuous linear lakeshore vegetation with

slightly bushy background

sex or total mean + SE T-test prob.
male 8.0 £ 1.52
5.0 + 404 0.52
female 50 = 1.00
2.3 + 033 0.06
total 13.0 £ 230
73 £ 392 0.28

Appendix 14: Catches in standard biconical trap and in biconical with blue and red

inside (Doge purple; n = 3) set on a discontinuous linear lakeshore vegetation with

very bushy background
sex or total mean £ SE T-test prob.
male 6.3 + 0.33

7.0 £ 3.05 0.51
female 93 + 3.38

30 £ 1.73 0.17
total 156 £ 3.17

10.0 £ 1.52 0.18
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Appendix 15: Catches in standard pyramidal blue/black (n = 6) and a pyramidal

blue/red (Doge purple; n = 7) set on a discontinuous linear lakeshore vegetation with

an open background.

sex or total mean + SE T-test prob.
male 10.1 + 3.19

5.0 £ 1.22 024K
female 8.5 + 1.64

4.8 + 1.77 0.16
total 18.6 £ 434

98 + 213 0.12

Appendix 16: Catches in standard biconical trap and in biconical with blue and red

inside (Peony purple; n = 4) set on a discontinuous linear lakeshore vegetation with a

slightly bushy background
sex or total mean + SE T-test prob.
male 17.7 + 438

192 £ 476 0.82
female 122 £ 4.02

14.7 + 6.44 0.75
total 30.0 £ 749

34.0 £10.49 0.76
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Appendix 17: Catches in standard biconical trap and in biconical with blue and red on
the outer side (Peony purple; n=5) set at a site with high grass and a slight corridor

20 m from the lakeshore.

sex or total  jmean + SE T-test prob.
male 17.8 £ 391

10.0 =+ 3.34 0.16
female 70 + 1.64 :

42 + 1.56 0.25
total 248 +11.88

142 + 109 0.18

Appendix 18: Catches in standard biconical trap and in biconical with blue and red on
the outer side (Peony purple; n = 5) set on a discontinuous linear lakeshore vegetation ]

with banana fieid in background

sex or total  jmean = SE T-test prob.
male 4.0 + 0.94

2.6 + 1.53 0.46
female 3.2 + 0.73

2.8 £ 1.15 0.77
total 72 + 0.86

54 + 1.80 0.39

Appendix 19: Responses of G. £ fuscipes to zebu urine (4 weeks) and acetone on
blue/black biconical traps in Kisui area on sites with a high density of flies. Sites with
similar effects are pooled.Effect 1= attraction; effect 2 = repellency; males; females;

Effect control baited trap n prob. index
increase 6.8+ 0.87 103 + 1.68 9 0.18 1.50
165+ 197230 £ 337 9 030 138
decrease 106+ 241 92 =237 9 090 086
198+ 350 180 + 461 9 048 0.90












