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ABSTRACT
Ecological studies on S.garnhami in Tseikuru area of
Kitui district, Kenya, were carried out from January
1989 to December 1990. This phlebotomine sandfly species
had been shown to be economically important as a
possible vector of Leishmania donovani and L. major.
Experimental determination of the breeding sites of
S.garnhami showed that this species was recovered from
14 out of 17 ecological habitats investigated.
S.garnhami was also found to breed in domestic,
peridomestic and sylvatic environments. Investigations
on the day resting sites of S.garnhami showed that it
has a wide distribution of day resting sites but prefers
termite hills. Distribution studies within the
different ecological sites showed that the flies were
strongly aggregated within the sites. This study also
revealed that S.garnhami and other phlebotomine
sandflies encountered have a wide distribul ion of
breeding and resting sites in Tseikuru area but prefer
termite hills,animal burrows, rock crevices,
treeholes,and treebases. Vertical zonation studies also
showed that S.garnhami and other phlebotomine sandflies
populations decreased with increased heights with most
of the flies collected between 0-2m height. S.garnhami
was not collected beyond 6-8m height. Studies on the
seasonal population dynamics showed that S.garnhami has

two annual peaks, one in May and the other in December.
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The population peaks were observed within Lhe
temperature range of 28.5-31.5°C, relative humidity of
range of 460-80% and rainfall of 0-40mm. The 3 climatic
factors were considered complementary to one another in
their effects. Under the optimal temperature conditions
available in the area, the relative humidity was deemed
an important factor in sustained population of
S.garnhami.

Within the breeding habitats of S.garnhami, the
immature stages thrived well within a temperature range
of 19-24°C and moisture content of 80-100%. At a
temperature range of 22-24°C both S.garnhami and other
phlebotomine sandfly populations were significant to
moisture. Moisture was considered to be an important
factor in sustaining the population of S.garnhami
immature stages within the sandfly breeding habitats.
Studies on the edaphic factors in the microenvironments
of S.garnhami showed that calcium, magnesium, and soil
texture were positively correlated to S garnhami
populations in both wet and dry seasons whereas sodium,
potassium, carbon, phosphorus and capillarity were
negatively correlated to S.garnhami populations in both
seasons. Soil pH had non-significant negative
correlation with wet season collections of S.garnhami
and overall species collection of both seasons but
showed non-significant positive correlation with the dry

season populations of S.garnhami. The exchangeable
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salts showed non-significant positive correlation wilh
wet season populations of both S.garnhami and overall
sandfly species but non-significant negative correlation
to dry season populations of both S.garnhami and the
overall sandfly species. Manganese had non-significant
negative correlation with wet season populations of
S.garnhami and the overall sandfly species but showed
non-significant positive correlation to both populations
in dry season.

Investigations on the hourly feeding pattern of
S.garnhami vevealed that this species was caught biting
man throughout the hours of the night while sitting on
or around the termite hills. The highest biting rate of
24-25 flies per man per hour was observed between 1800-
2000hr . Occasional bites of one fly/hour were observi:d
within and outside human homes. Few S.garnhami were
caught from the animal baited cages placed near termite
hills at different hours of the night. Identifications
of the bloodmeals from wild-caught females of S.garnhami
showed that it feeds on a wide range of hosts from
reptiles to mammals including man but prefers lizards.
Although the flies were collected from 11 ecological
habitats, most of the hosts were associated with termite
hills and animal burrows. Eighty-two (11.47%) out of
715 wild-caught females of S.garnhami dissected were
infected with teishmania promastigotes and 8 of them

grew up in NNN-diphasic culture medium.
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Investigations on the epidemiological role of
S.garnhami showed that it satisfies the conditions of
anthropophily, concordance of its distribution with he
distribution of the disease in man and high percentage
of natural infections. Further work is however requiri:i
in the areas of parasite identifications and
characterisation, laboratory studies of the parasite

life cycle in the fly and experimental infections and

infectivity



CHAPTER ONE

INTRODUCTION

Sandflies are small dipterous insects with the
body, legs and wings covered with long hairs and scales.
The legs are slender and prop-like. The wings are pear-
shaped, covered with long hairs along the margin and
venation is characteristically parallel (Plate 1.1)

Sandflies are very important as the only known
insect vectors of leishmaniases-a complex of
debilitating diseases caused by haemoflagellate
protozoans of the genus Leishmania. Leishmanial
diseases of man range in form from self-healing benign
skin lesions called cutaneous leishmaniasis to
permanently disfiguring and fatal muco-cutaneous
leishmaniasis (espundia) which destroys the muco
cutaneous membranes of the nose and throat of the
patient. It also includes the quickly decimating form
called visceral leishmaniasis which destroys the white
blood cells and invades the internal organs like the
spleen, liver and the bone marrow. Amongst the insect-
borne diseases, leishmaniases only rank second to
malaria in Kenya and probably the most debilitating in
the endemic areas. The vectors, better known as
sandflies, were unknown to Kenyans until 1912, when
Manteufel (cited by Minter 1944a) collected some at the

Port of Mombasa. The impact of the fly was unknown in



Plate 1.1 Bloodfed Sergentomyia ingrami female showing

the characteristic features of phlebotomine
sandflies



the health quarters as no case of leishmaniasis had at
that time been reported, and therefore ecological
studies were not pursued vigorously. The study of
sandflies remained an academic exercise as there was no
cause to link them with a disease outbreak. Sinton
(1930, 1932) reported some species which were mainly
Sergentomyia genus. Theodore (1931) described s.
bedfardi var congalensis (formerly known as P.
naircbiensis). From then on, the knowledge of sandflics
of Kenya progressively increased as a result of
collections made by a number of workers. The first case
of leishmaniasis in Kenya was reported in 1941 (Fendal
1952). This was followed by sporadic cases reported in
1946 and an eventual epidemic outbreak in Kitui District
notably Tseikuru in October 1952 to June 1953 (Heisch
1954). Subsequent to these, was the location of other
endemic Kala-azar foci in Kenya (Minter 19464). These
observations led to intensive research into the ecology
of vectors and the epidemiology of leishmaniasis (Heisch
1954, Heisch et al 1954, Wijers 1963, Wijers and Minter
1962, 1966, Mutinga 1971, 1972, 1975a & b, 1981, 1986a
& b, 1988. Mutinga et al 1983, 1989a, b & c, 19%0).
From all these investigations, 41 species of
sandflies have been presently reported in Kenya ( Zahar
1981, Kaddu 1984, Basimike 1988). Initial
investigations in Kitui (Heisch 1954 and Minter 1964 )

implicated Synphlebotomus, complex (P martini, P celiae,



F. vansomerenae) as vectors of visceral leishmaniasis.
P. martini was shown to be present in all visceral
leishmaniasis endemic foci and has been considered the
major vector. Later studies however showed that P
celiae is present in Ethiopia and in Sudan (Ayele and
Mutinga 1989) in the disease endemic areas. For
cutaneous leishmaniasis, P. pedifer is shown to be a
vector of L. aethiopica in the high altitude of Mt Elgon
(Mutinga 1975), whereas P. dubascgi is shown to transmit
L. major (Mutinga et al 1985). P orientalis known to
transmit leishmanial parasites of man in Ethiopia
highlands and Sudan (Lewis et al 1974 ) has also been
encountered in Kenya in some of the leishmaniasis foci
but its role in disease transmission is still being
investigated

The role of the Sergentamyia as vectors of
leishmaniases has been investigated and two species, S.
garnhami (Mutinga and Odhiambo 1982) and S.ingrami
(Mutinga et al 1986), were identified as potential
vectors. Sergentomyia ingrami and S.garnhami have been
reported to be secondary vectors of £ . major and L.
danavani respectively (Mutinga and Odhiambo 1982, 198¢4).
Mutinga (1986), also reported that one of the
leishmanial isolates from Tseikuru in Kitui district of
Kenya produced L major type of sores in the nose and
tail junctions when inoculated into experimental mice

(Balb/c). He argued that although the strain has not



been typed biochemically and confirmed to be L.major the
fact that it produced cutaneocus lesions gave a strong
indication that it was L.major He suggested that if
biochemical investigations confirms this, S. garnhami
could be a potential vector of zoonotic L. major in
Kitui District of Kenya. Heisch (1954, 1955), Mutinga
(1986) and Mutinga and Odhiambo (1982) have all reported
the strong anthropophily exhibited by S.garnhami in
Kitui and Machakos district respectively. Heisch (1954,
1955) had found 1.0% natural infection and 5.0%
experimental infection in S.garnhami and concluded that
S.garnhami was probably the vector of Kitui Kala-azar.
Before these findings, species belonging to the
Sergentomyia genus were generally not considered vectors
of teishmania of man. Because af the prevalence and
anthropophily of S garnhami in cutanecus and visceral
leishmaniases foci it was deemed important to
investigate this species in greater detail in the oldest

focus of the disease where S garnhami is most prevalent.

1.1 ObJjectives.

The main aim of the investigations was to study the
ecology, bionomics and vector potential of S. garnhami
in Kitui district. Specifically the following
objectives were envisaged.

1. To study the distribution and seasonal population



dynamics of S. garnhami by investigating tho
breeding and resting sites and to establish the
parameters which influence them including
temperature, humidity, rainfall, soil factors, and

altitude.

2. To study the natural infection rates of s. garnhami

with leishmania parasites.

3. To determine the host preference of S. garnhami

through bloodmeal identification.

1.2 Significance of the study.

The importance of this work was to clarify the
ecological features of S. garnhami, and the possible
role of S. garnhami in the epidemiology of leishmaniasis
in kala-azar endemic focus of Kitui district. These
studies would be able to show whether this species plays
a role as a vector of L. majar and therefore one of the
species sustaining the endemicity of the infection in

Kitui kala-azar focus.

1.3 Activities

A breakdown of the objectives showed that t he



following activities should be undertaken:

1. Studies to locate the resting sites.

2 Studies to locate the breeding sites

3 Spatial distribution of S. garnhami.

4. Vertical distribution of S garnhami.

S. Seasonal population changes of §. garnhami with
reference to the climatic factors influencing
them.

6. Microclimatic factors influencing S. garnhami

population in their breeding habitats

7. Edaphic factors influencing s. garnhami
Population in their breeding habitats

8. Feeding habits of S. garnhami.

9. Host preference studies and.

10. The determination of the natural infection

rates of S. garnhami



CHAPTER TWO

LITERATURE REVIEW
2.1 Distribution
2.1.1 Global Distribution

The phlebotomine sandflies are found throughout the
world mainly within the tropics and subtropics. The
greatest numbers are found within the tropics (Perfile’v
1964). The northern limits of distribution in Europe
and Asia lies between 45° and SOoN latitude, whereas the
southern limits in the 0ld World is 40°S latitude. The
Phlebotominae comprises five genera ( Phlebotaomus,
Sergentomyia, Lutzomyia, Warileya and Brumptamyia) which
are widely recognized (WHO 1984). Phlebotomus and
Sergentomyia are found in the 0ld World whereas
Lutzomyia, Warileya and Brumptomyia are found in the New
World (Lewis 1974). Most species of the Ethiopian
region belong to the genus Sergentomyia. Only very few
species belong to Phlebotomus (Lewis 1974 & Perfile'y
1966 ).

Zahar (1981) reported that 41 species of sandflies
are found in Kenya, 9 of which belong to Phlebatamus
whereas 32 belong to Sergentomyia. Heisch et al (1965)
and Minter (1964 a & b) have respectively reported on

the distribution of sandflies in Kenya. S. garnhami was



previously thought to be restricted in distribution to
Kitui district of Kenya where it is widespread. It has
now been reported in Machakos district (Mutinga and
Odhiambo 1982), in Loboi, Baringo District by Mutinga
(1985), in Gonja in Tanzania (Pringle 1980, Abonnenc
1972), and in Kutaber area in Ethiopia (Aschford et al

1973).

2.1.2 Vertical Distribution

Vertical distribution studies are usually
undertaken to investigate the distribution of man-biting
species at different heights above the ground. Disney
(1968) working in British Honduras showed that there was
marked vertical zonation of phlebotomine sandflies
altvor fed to small forest mammals. In a similar studies
in British Honduras, Williams (1970) captured 19 species
of sandflies most of which, notably tutzomyia permia,
were predominantly arboreal. He also noted that L.
panamensis and L. hispincsa live amongst the foliage but
descend to the forest floor to seek bloodmeals.

Vertical distribution studies have been carried out
on the mosquitoes of Ethiopian region to investigate the
masauiton . involved in sylvan yellow fever (Corbet 1941,
Haddow et al 1947, Mattingly 1949 and Snow 1275).
Jufoin it ion on the veftical distribution of sandflies of

the Ethiopian region is still very scanty. In a study



10

of the flight behaviour of sandflies of the Paloich area
of Sudan, Quate (1964) noted that sandflies hardly fly
over 2m above the ground level. Basimike (1988) studying
the sandfly density of forested areas in Marigat Kenya,
observed the existence of high density of sandflies in
large trees with S. bedfardi predominating in abundance.
He grouped the flies into lower level group and high .
level group. The lower level group flew below S5m above
the ground level and comprised such flies as S. ingrami,
S. affinis, S. adleri, S. africanus and S. clydei. The
high level group includes S. bedfaordi and S. antennatus,

and usually flew beyond ém above the ground.
2.1.3 Spatial Distribution

Southwood (1978) has noted in his book Ecological
Methods" that the distribution of organisms in space is
of considerable ecological significance. He showed that
not only was it valuable in designing sampling
programmes and selecting methods of data analysis but
also in describing the population size and condition as
well as designing control programmes in case of pests.

Information on the spatial distribution of
sandflies is found in scattered literature. WHO (1984)
showed that sylvatic species are found during the day
time resting in treeholes and tree trunks, animal

burrows, termite hills, leaf litters, rocks and soil
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Cracks. The peridomestic species rest on the walls of
homes and at the hot times of the day they retreat into
cracks and crevices

In Kenya, sandflies have been found resting in
termite hills, animal burrows, rock crevices, treeholes,
plant bases, and tree trunks, walls of homes and caves
(Heisch 1954; Heisch et al, 1954; Minter 1964b; Mutinga

19863 Kapur and Mutinga 1985; Basimike 1988)

2.2 Dispersal

Freshly emerged sandflies disperse from their
breeding sites to find sugar or bloodmeal or mate.
Engorged females move to a resting place and later to an
oviposition site (WHO 1984). Kirk and Lewis (1951)
noted that engorged female sandflies rarely move more
than a few feet from where she had fed, but seek the
nearest place of refuge which offers suitable conditions
of darkness, still air and humidity.

Sandflies move in a characteristic short hop
flights and therefore fly over limited distances from
their breeding sites. The general dispersal trend of
adult sandflies has been studied by means capture/mark
/release/recapture methods in Ethiopia, France, Panama,
Sudan and USSR WHO (1984). It has been found that the
flight range of sandflies differs according to species

and habitat. In neotropical forests, sandflies rarely
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move much more than 200m. In USSR, F. papatasi was
observed to move as far as 1,500m but these distances
was not achieved by the engorged and gravid females. 1In
France, P ariasi has frequently been shown to fly over
1,000m even when engorged or gravid and occasionally as
far as 2,300m. Meteorological observations showed that
these sandflies were not assisted by wind in their
dispersal flights (Killick-Kendrick 1972). This shows
that they disperse by active flights and movements

irrespective of the wind direction.

2.3 Description of Sergentamyia garnhami

S. garnhami Heisch, Guggisberg and Teesdale was
first described by Heisch et al (195¢6). It is a fairly
large dark-brown fly with marked seasonal cycles. The
female could easily be identified by the appearance of
the pigmented plate on the ventral part of the head
capsule. The plate is usually cross-like in shape,
brown in colour and with about 10 posterior teeth and
one row of anterior teeth. The terminalia of the male
bears a pair of long coxites which are about double the
length of the styles attached to them at their distal
ends. Each style bears 4 spines, two of which are

subterminal whereas the other two are terminal.
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2.4 Biting habits

S. garnhami was first collected by Heisch (1954) in
Tseikuru while biting human volunteers sitting round a
termite hill between 7.00 and 9.30 (Kenya local time),
in the evening. He noted that for the sandflies to bite
in large numbers, the conditions had to be Just right
and the most suitable being warm humid and still evening
weather. Further studies showed that quite a good
majority were caught biting near termitaries, a fair
number in millet fields and occasional specimens in
houses (Heisch et al 1945). He conducted a study of
biting cycle of S. garnhami for 2 hourly periods on
seven 24-hour catches in January 1955 and 16 catches in
May. The results revealed S. garnhami to be strongly
anthropophilic, having 2 marked peaks of activity, one
in the morning and the other in the evening with very
little happening in between. Wijers and Minter (1962),
howew, could not find S. garnhami so and concluded
that it rarely bites man. Mutinga and Odhiambo (1982),
Mutinga (1986) showed S. garnhami to be strongly

anthropophilic both indoor and outdoors.
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2.5 Host preference

Many and probably all species of Sergentomyia feed
mainly on lizards or other cold-blooded animals (Lewis
1973, Mutinga et al 1984). However, an experimental
host preference studies using various animal models in
laboratory showed that S. garnhami preferred mammalian
hosts (Mutinga et al 1986). In nature, Heisch (1954,
1955, 1956), Mutinga 1981 and Odhiambo (1982), and
Mutinga (1986) have respectively found S. garnhami to be
strongly anthropophilic though it could bite a number of
hosts including lizards and mammals inhabiting termite
hills. Heisch (1954) also tested 37 bloodsmears from S.
garnhami captured in the wild by precipitin test and
found that only 8 were positive for human blood.
Microscopic examination of blood from the gut of wild
caught flies nearly always contain nucleated red cells

suspected to be from geckos numerous in the termite

hills.

2.6 Infection rates of S. garnhami

Because of the undetermined vectorial status of S.
garnhami only little has been done on the study of their
infection rates in nature. Heisch (1954) dissected 200
S. garnhami caught in the wild and found that only 2 (or

1%) contained promastigotes in the anterior station of



15

the gut. Heisch (1955) fed 75 wild caught flies on a
Kala-azar patient and only 4 (or 5%) became infected.
Kaddu and Mutinga (1984) dissected 112 S. garnhami !'rum
Tseikuru and found that 12 had leishmanial parasites in
their guts but S of the 12 had their leishmanial
parasites in the malpighian tubules. 1In an artificial
feeding experiment, Kaddu et al (1984) found that five
Sergentaomyia species, including S. garnhami were able to
feed on rat, rabbit and hamster blood through a 1-day
old cockerel skin membrane but none of the S. garnhami
had demonstrable parasitaemia after S5 days post-feeding.
Mutinga and Odhiambo (1982), working in Machakos
district dissected all flies that came to bite man and
found that amongst others, S. garnhami had an infection
rate of 16.4% whereas S. bedfordi, and S. antennatus,
hitherto regarded as vectors of reptilian leishmaniasis
had infection rates of 7.46% and 1.0% respectively.
Mutinga (1986a) also reported that one of the
leishmanial isolates from Tseikuru in Kitui District of
Kenya produced L. major type of sores in the necse and

tail Jjunctions of experimental mice (Balb/c).

2.7 Breeding sites

Sandflies generally breed in damp soil that is rich

in humus such places as dark and damp cellars, caves,

dug-outs, piles of rubbles stones, bricks and tiles,
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crevices in damp stone walls, drains and banks of
streams, cracks and fissures in the soil and in animal
burrows (Kirk and Lewis 1951, Hanson 1961, Quate 1964,
pPerfile’v 1966 and WHO 1984).

In U.S.S.R., Perfile’v (19646) showed that animal
burrows were characteristic biotope of sandflies in
nature, they remained in them during the day, the most
common type of burrows being those of ground squirrels,
gerbils and jerboas. Others include burrows of mouse-
like rodents, porcupines, badgers, jackals, hedgehogs
and tortoises, burrow-nests of bee-eaters, rollers
pigeons, other vertebrates and birds. Sandflies of
U.S5.S.R. also inhabit abandoned buildings and man-made
natural environments and caves that shelter bats,
lizards and snakes which constitute source of food for
the sandflies.

In Kenya, termitaria, animal burrows, rock
crevices, treeholes and plant bases have been reported
as the major breeding sites of sandflies. However,
animal burrows and termitaria are the preferred sites

(Heisch 1954).
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2.8 Resting sites

Sandflies do not fly far from their breeding places
and consequently most of them are collected at or very
close to their breeding sites. In his book, Lewis
(1973), classified the resting sites of sandflies into
natural and artificial shelters. The day time natural
resting sites include treeholes, spaces between root
buttresses of trees, foliage of forest undergrowth,
animal burrows, termite hills, rock crevices in the
caves and elsewhere, cavities amongst boulders and soil
cracks. The artificial shelters include human
habitations and animal pens.

In Marigat, Baringo District of Kenya, Mutinga et
al (1986b) found that animal burrows proved to be the
major resting sites for adult S. antennatus, S. bedfordi
and S. Iingrami. Other species included P. martini, P.
duboscqi, P. rodhaini, S. africanus, S. clydei, S.
schwetzi, S. adleri, S. affinis and S. wynnae. They
suggested that this probably indicated that these flies
were likely to be breeding inside these animal burrows.
In West Pokot District of Kenya, Mutinga (1986) reported
10 species of Sergentomyia and only 1 species of
Phlebotomus rested in termite hills. In Machakos
District of Kenya, Mutinga (1986a) also found that the
primary source of P. martini and S. garnhami were

termite hills and that the closer the termite hills were



18

to human habitations, the greater were the numbers of P.
martini and S. garnhami vesting indoors. At Tseikuru,
Kitui District of Kenya, seven species of Sergentamy ia
including S. garnhami and one species of Phlebataomus -
FP. martini - were captured from termite hills and houses
with S. garnhami topping the list in abundance (Mutinga
1986). Earlier Minter (1944b) and Heisch (1954) have
captured various species of sandflies in treeholes,
animal burrows and clefts in the rocks in Tseikuru.
Heisch (1954) observed that termite hills were a
prominent feature in the Kala-azar areas of Kitui and
that during certain periods of the year they were full

of sandflies.

2.9 Seasonal abundance of sandflies

In a review of the phlebotominae of the Ethiopian
region, Kirk and Lewis (1951 ) have shown that in most
places where sandflies are prevalent, they exhibit a
more or less marked seasonal variation in numbers. They
reported that in some regions there was a well-defined
sandfly season of a few months of the year. For
instance, Heisch, Guggisberg and Teesdale (1956 ) showed
that some species of sandflies in Kitui District of
Kenya such as Phlebotaomus martini, P. vansamerenae, S.
affinis, S. clydei, S. graingeri, S. antennatus, S.

bedfordi, S. schwetzi and S. squamipleuris were found
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throughout the year but S. garnhami, S. kirki, and S.
multidens were restricted to the rainy months. Wijers
and Minters (1962), discussed the seasonal incidence of
some species in the northern part of Kitui, dividing
them into perennial and rainy season groups. Minter
(19464b) has shown that with the exception of P. celiae
and P. vansamerenae, all the perennial sandflies of
Kitui District were also common at Marigat in Baringo
District and that the rainy season group were generally
absent from Marigat. He ascribed this to the unimodal
rainfall pattern in Marigat area which makes survival
difficult for rainy season species during the long

interval between the prolonged rains and dry season.

2.10 Climatic factors and sandfly population

Seasonal variation in numbers of different species
of sandflies in different places is closely correlated
with meteorological conditions and thus varies in
different areas according to the climate. The
dominating factors are temperature, humidity, rainfall,
insolation and wind (Kirk & Lewis 1951). The optimum
physical conditions for sandflies are still air,
darkness, a constant temperature of approximately 28°C
and a high relative humidity (approximately saturation).
Theodore (19346) has shown that at 30°C and a relative

humidity of 40 per cent, the mean life of a fed female
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F. papatasi was 3-5 days while the thermal death point
in a 1-hour exposure was 41°C. Condensation of water
vapour from the atmosphere is regarded harmful as they
readily become entangled and drowned in the water so
formed. Kirk and Lewis (1947 ) pointed out that the
survival of sandflies in some arid areas is due in large
measure to their exploitation of a vast subterranean
environment, consisting of animal burrows and cracks in
the soil in which equable conditions of temperature
(27°C) and relative humidity (approximately 100%) exist
in spite of wide fluctuations above ground. From this
subterranean environment they emerge in search of food
only after darkness when temperature falls and relative
humidity in consequence rises, thus providing suitable
climatic conditions for them. Heavy rains seem to have
adverse effects on the sandfly populations. Kirk &
Lewis (1951) have shown that in most places sandflies
disappear during the heavy rains, as has been noticed in
Sudan, Kirk & Lewis (1940), Ethiopia (Martin 1938) and
Zaire (Wanson 1942), but appear in large numbers just
before and shortly after rains.

In Kenya, Heisch (1954) found that some species
including S. garnhami appear in large numbers about &
weeks after rains. Minter (19464b) revealed that the
annual pattern or rainfall distributions is of greater
importance than the total precipitation in influencing

the gross distribution and local abundance of a number



of phlebotomine sandflies. He also suggested that
rainfall probably operates by changing the humidity of

resting and breeding sites.

A series of laboratory studies in U.S.S.R.
(Perfile’v 1944) on the development of the pre-imaginal
stages of sandflies and their relation to temperature
and humidity revealed that the optimal temperature for
the development of the pre-imaginal stages of sandflies
is 28-30°C. 1If the temperature is more or less uniform,
the development of eggs of various species of sandfly
lasts about 10 days. Sandfly eggs can stand neither
desiccation nor immersion in water and never hatch under
these conditions. These studies also showed that the
different larval stages show a different resistance to
adverse environmental factors. The 1st-stage larvae
being most sensitive and the 4th stage larvae the most

resistant.

2.11 Sandfly collection

General methods for the detection, collection and
handling of sandflies have been described elsewhere
(Kirk and Lewis 1951, Perfile’v 1966, Lewis 1973,
Chaniotis, 1978). All these methods could be divided
into 3 major groups, according to their application.
These are (a) techniques for the location of breeding

sites (b) technigues for collection of day resting
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adults and (c) techniques for collection of flying

insects

2.11.1 Techniques for location of breeding sites

The technigues used in location of breeding sites
could be sub-divided again into (i) those used for
collection of immature stages and (ii) those used for

collection of adult stages from the breeding sites

2.11.2 Methods used for collection of immature stages

The methods employed in the collection of immature
stages include (i) direct examination of soil samples
under a stereomicroscope (ii) Macfadyen'’s method and

(iii) flotation technique.

N

.11.2.1 Direct examination of soil samples under

stereomicroscope

Samples of soil from the suspected breeding grounds
are taken with a small trowel, sealed in plastic bags
and carried to the laboratory in heat insulators (e.g.
cold boxes) for processing. Small aliquots of the
sample are carefully examined under the stereomicroscope
until the whole sample is examined. This method was

employed by earlier workers in USSR (Perfile’v 1966).
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It is time consuming, tedious and only few sandfly
larvae could be obtained compared with tons of soijl

examined.

2.11.2.2 Macfadyen’s method

This method is based on the repellent action of
desiccation produced by incandescent lamp. It is a
modification of Berlese funnel used by soil biologist
and acarologists to extract mites and other soil
organisms from the soil samples as wel] as from bird and
nest materials. Seyedi and Nadim (1972) employed
Macfadyen’s method to collect sandfly larvae from soil
samples in Iran, and reported excellent results.

The instrument consist basically of an incandescent
lamp placed over a wooden box with enamel pans
containing water or alcohol at the bottom. The top 1id
are perforated and funnels with screens to retain soil
samples are placed in them. As the soil samples in the
funnel heat up, larvae move down until they fall into
the enamel pans at the bottom of the box. Although this
has been considered very excellent it cannot be used to

collect eggs and pupae - the immobile stages.
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2.11.2.3 Flotation technique

This was first introduced by McCombie-Young et al
(1926), although their method has undergone many
modifications. The method involves the use of

saturated solutions of salt or sugar to float the
immature stages. It is the most commonly used met hod
and has been effectively used by Hanson (1961), and
Quate (1964). The soil samples are washed through
several sieves, one below the other, and each with a
smaller mesh. Saturated sugar solution is poured over
the residue collected from the last sieve. When t he
residue contains larvae or pupae of insects, they float
to the surface after some time and they could be

detected with a magnifying lens.

2.11.3 Techniques for collecting of adult flies from

breeding sites

Two basic techniques, emergence traps and soil
incubation have been employed for the collection of

adult flies from the suspected breeding sites.



2.11.3.1 Emergence traps

AN emergence trap consists essentially of wire
frames with the inner walls lined with sticky mat:-rial
to trap emerging adult sandflies. Many of these traps
are placed over the surface of the investigated areas.
The traps are sc arranged that there are no spaces
between the base of the traps and the soil. If the
traps are difficult to arrange, their bases may be
covered with sand to prevent emerging sandflies from
escaping. Traps are usually left on the same spot for
one month or longer but are examined daily. It has been
noted that soil from a part of the ground that has given
negative results earlier may yield hundreds of flies one
or several days after. The idea behind this method is
that if there are immature stages (eggs, larvae and
pupae) they will undergo their normal life cycle and the
emerging adult sandflies will be caught in the traps.

There are now many modifications of this trap. One
form is that the wire frames are made of fine mesh wire
netting and the sticky traps are not necessary.
Alternatively the traps are made of wooden boxes with
sticky papers on the inside walls. Further
modifications of the wooden type is that used by Dipeolu
(1977 ) which consists essentially of a cone of light
wood 32cm diameter at the base, 32cm high and with a

2.8cm diameter opening at the top lid. The opening at
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the top is surmounted with universal bottle coated with
Castor-oil inside. At intervals suitable to the
investigator, the universal bottle is removed and
examined for the presence of adult flies. It has the
advantage of confirming the breeding sites with relative
€ase to those of collecting immature stages. However,
it could be applied only during the appropriate sandi ly

sSeasans.

2.11.3.2 Soil incubation technique

This method was first described by Dedet et al
(1980) and later modified and employed by Mutinga and
Kamau (1986), and Mutinga et al 1986, 1989). Soil
samples from suspected sandfly breeding areas are
collected into rectangular containers of about 640 cm2,
vigorously agitated to search for adult flies. The
samples are wetted thoroughly but not water logged,
covered with fine mesh cotton or nylon netting held
tightly on the sides with elastic rubber bands to
prevent any escape of emerging sandflies during
incubation. In order to maintain high relative
humidity and provide minimal 1light conditions, the whole
arrangement is enclosed (wrapped up) in dark polythene
sheets, maintained on raised wood planks inside

laboratory and also wetted regularly during checks.
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The temperature of the soil samples is taken at
sites and again 3 times a day at 0630, 1200 and 1500
hours. Room or laboratory temperatures are also
recorded the same time. The soil samples are checked
twice daily at 0400 and 1800 hours. A fine net mesh is
hung over the person checking for emerging adult flies
to prevent accidental escape of flies. All flies
collected are to be washed in 0.1% of detergent saline,
slide mounted using gum chloral as mountant and later
identified. This method is an efficient one and could
be employed even when the sandfly populations are low in
the field. However, it is labour intensive and does not

pProvide the opportunity of seeing the immature stages.

2.11.4 Techniques for collecting day resting adult

sandflies

The methods employed in the collection of day-
resting adult sandflies are aspirator method and smoke

and sticky trap method.

2.11.4.1 Aspirator method

The day resting adult flies can often be obtained
with suction catchers (or aspirators) or tubes from
dar kened parts of houses, stables, latrines, treeholes

and cellars. They may often be driven out from their
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resting sites in animal burrows, caves, termite hills,
rock crevices or clefts in the soil by tobacco or

cigarette smoke, twigs or a handful of dust .

2.11.4.2 Smoke and sticky trap method

Oiled polythene sheets placed in cleft sticks are
stuck near the entrance of animal burrows, or placed at
the ventilation shafts of termite hills, treeholes,
Crevices on plants, plant bases etc. and smoke blown to
drive out resting sandflies which got trapped in the oil
pPapers. Mutinga (1984) used bee-keeper smoker trap to
pump smoke into animal burrows in order to drive out

resting sandflies. This yielded nice results.

2.11.5 Techniques for collecting flying adult sandflies

Four methods, light traps, sticky traps, animal baits
and human baits, are usually employed in the collection

of flying adult sandflies.

2.11.5.1 Light Traps

Many forms of light traps have been employed in the
collection of sandflies. The preferred version is t he
C.o light traps. It is light weight, and operates on

dry cell batteries. The major problem with this is that
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the sample so collected is not representative as l1ight
trap is selective in their catches. Most of the insect
catches are mutilated by fan blades or may escape
because of their tendency to fly upwards when the motor
ceases to function or because of human interference,
battery failure or motor malfunction. It is also costly

on long time studies.

2.11.5 2. 0il (sticky) traps

This usually consists of a piece of transparent
polythene paper, plastic, tin or enamel smeared with
adhesive oil and placed in a horizontal, vertical or
inclined position in places where sandfly activity is
suspected such as near animal burrows, soil crevices,
rock piles, ventilation shafts of termite hills,
treeholes and so on. The advantage of oil trap is that
it does not attract and therefore not selective, but
sandflies which move in short hops tend to alight on a
nearby object on their path and are trapped.

The size of oil traps have varied from individual
workers, the general rule is that the larger the surface
the more effective but practical considerations impose
limitations.

Also the type of o0il has varied. Engine oils,
castor oil, a mixture of castor oil and calophony, and

different vegetable oils have been used. Castor oil has
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proved an effective adhesive and has been employed
frequently. It is sufficiently viscous and weather
resistant. It lacks repellent properties though Qu.ile
(1964) reported that Phlebotomus crientalis Parrot was
repelled by it in Sudan.
A thin film of o0il is adequate to produce good results
for small flies like sandflies, however, more o0il than
Just a film provides better adhesion and also preserves
the flies in a fresh state for several hours. Traps arc
left in the field for about 12 hours (over night).
Trapped flies are removed individually with fine probes
e.g fine brush, acacia thorns or sticks sharpened to
pencil points, washed briefly (1-2 minutes) in saline
solution containing 1.0% commercial dish washing
detergent. Flies collected in this way remain fresh for
several hours of their capture and can be dissected for
studies of leishmaniasis or pooled for virus isolation
in arbovirus studies.

0il traps have been proved very effective in open
and dry habitats. In humid tropical areas they are to

be supplemented with animal bait.
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2.11.5.3 Animal baited traps

This is an important method for sampling
haematophagous insects. One or more animals are
constrained in a wire mesh cage and set appropriately in
the field. Hungry female flies are attracted as are
some males either accidentally or for the purpose of
mating. Flies that have approached or alighted on the
host(s) and those which have already fed on the hosts
are collected by one of the several ways described.

These include (1) by aspiration of alighting flies
with suction tube, (2) by placing a moat of oil, e.g.
oiled paper, plastic or tin, around the caged animal to
capture flies that hop towards or away from the animal
bait, (3) by placing a mechanical suction trap over the
caged animal, (4) by stretching a rectangular or
cuboidal tent, like white muslin or fine nylon mesh with
the lower end higher than the bottom of the animal cage.
Sandflies alighting to bite the animal are trapped and
collected with suction tube, and (5) by direct exposure
of large domestic animals, preferably horses or cows, to
host- seeking female flies. One or more collectors
equipped with suction tubes and flashlights aspirate
alighting flies individually from the skin of the animal

as they begin probing.
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2.11.5.4 Human Bait Methods

This method is used mainly for the collection of
anthropophilic species in which case man acts as both
bait and collector.

One or more people provided with test tubes or
suction tubes and flashlights can collect or aspirate
flies from each other as the flies alight on exposed
areas of their bodies in search of bloodmeal.

The major shortcoming of this method is the danger
of contracting disease, the inflammation and irritation
produced by the bite and the limitation of the catch to
few species with a propensity to bite man. However, it
has the advantage that flies are captured alive and are
virtually females. Thus the catch off humans and
animals is particularly valuable for isolating infective
agents and in assessing parity and vector potential of

the various species.

2.12 Processing of sandflies

This involves washing, preservation in 70.0%

ethanol and mounting for identification.
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2.12.1 Washing and preservation

Trapped flies from o0il traps are washed briefly (1-
2 minutes) in saline solution containing 1.0% commercial
dishwashing detergent, rinsed in normal Physioclogical
saline and preserved in 70.0% alcohol in specimen
bottles. Using adhesive papers and pencil, specimen
bottles containing the flies are appropriately labelled
indicating locality and site of collection, date and
time. Sometimes the adhesive papers wear out quickly,
ordinary papers are cut into label sizes, appropriately
labelled with pencil and inserted into the bottles with
the samples.

Specimens collected from other sources not using
sticky oil or other adhesives can be preserved directly
In 70% alcochol and properly labelled. However, washing
in detergent saline before preservation has the

advantage of wetting the flies and removing the hairs.

Living specimens are wetted and killed in the
detergent saline contained in a petri dish. They are
washed using fine brush to move the insects gently in
the detergent saline, then rinsed in normal saline from
where they are either transferred into 70.0% alcohol for
preservation or picked individually and slide mounted

under stereomicroscope.
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2.12.2 Mounting

Fresh specimen are picked individually from
Physiological saline and mounted in a drop of Puri'’s
chloral-gum mountant. Each insect is placed in a drop
of the mountant and using a pair of dissecting pins
fitted in applicator sticks, the head is severed from
the body under a stereomicroscope, the head is inverted
such that the dorsal surface lies on the slide and the
ventral surface upwards. The wings, the body, the legs
and the terminalia, in case of the males, are
straightened. The whole specimen is covered with a
coverslip and left under room temperature to dry.
Drying is gradual and may take upto a month to
completely dry, but within two days the edges harden and
the slides could be packed into slide boxes where they
will completely dry. It is advisable not to mount more
than one specimen under one coverslip as there may be
need to remount a specimen during identification or
heads of confusing specimens could not easily be matc .
with their bodies leading to wrong identification or
still new or rare specimens requiring preservation or
further studies could be placed with other species

making identification and isolation difficult.
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2.12.3 Identification

Sandflies are tiny, delicate insects and usually
morphologically identical to an unaided eye. They can
only be identified under a compound microscope. Even
with the aid of a microscope, some species (especially
females of related species) are still difficult to
identify. Earlier identifications depended largely on
Phlebotometry, i.e. measurement of various parts of
phlebotomine sandflies. Today phlebotometry is the last
resort for identical and even new species. More recent
identifications combine the use of certain
distinguishable characters. Some of these characters

include:

(a) The distribution of erect hairs on the abdominal
tergites (for grouping into genera)

(b) The nature of the pigmented plate and the number of
the cibarial teeth.

(c) The nature of spermatheca, in case of females, and

(d) The nature of the male terminalia - the coxite and
their processes, the style and the attached spines,
the penile sheath and sometimes the parameres and
the hairs attached to them.
The combination of characters a, b, and c are very

useful for female identifications whereas the

combination of a, b and d is good for the males.
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Other useful identification guides include those of Kirk
& Lewis (1951), Abonnenc (1972), Heisch et al (1956),
Minter (1964), Quate (1944), Mutinga (1988 unpublished
guide). Charts for the identification of males and

females of various species are shown in appendices 2-4.
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CHAPTER THREE

DETERMINATION OF THE BREEDING SITES OF S. GARNHAMI

3.1 Introduction

Sandflies generally breed in damp soils that are
rich in humus (WHO 1984). Kirk and Lewis (1951 ) shoued
that they breed in such places as dark and damp cellars,
caves, dug-outs, piles of rubbles of bricks, tiles and
stones, crevices in damp stone walls, drains and banks
of streams, cracks and fissures in the soil. Inspite of
this information, it is extremely difficult to collect
the eggs and other immature stages of sandflies in
nature. This is because of their microscopic size,
delicate nature and colour blending with the
environment. WVarious authors have used direct
microscopic examination of soil samples and sugar ur
salt floatation methods to isolate the immature stages
of phlebotomine sandflies from soil samples collected
from their suspected breeding sites. While these
methods are sometimes cumbersome and time consuming,
they also might not be satisfactory because of the
individual ecological niches preferred by differ.:nt
species of sandflies. Moreso, most of the immature
stages were recovered in distorted forms which rade

identifications difficult. This work was aimed at
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investigating the breeding sites of 5. garnhami at

Tseikuru using soil incubation technique.

3.2 Study area

This study was carried out at Tseikuru Area in
Kitui District of Kenya (fig 3.1). Kitui District is
located in the Eastern Province with Kitui as the
District Headquarters. Tseikuru is in the far North
East of Kitui town with a distance of about 175km from
the headquarters. Tseikuru is about 2S5km away from
Usueni which is the northmost boundary town of Kitui
District. It lies approximately within latitude 0= 20" s
and 38° 10" E. It is a low-lying countryside about 500m
above sea level. The soil is generally of red sandy
type but patches of stony farmlands and rocky outcrops
(tors) may be encountered. Also patches of bare soil
due to combined effects of erosion, weathering and
overgrazing could be seen in some areas.

The climate of the area could be described as hot
and dry throughout the year. Hence Kitui district is
Synonymous with hot area to most Kenyans. Average daily
temperature range is about 25-38cC throughout the year
with February, September and October being the hottest
months. The windy period between June and August have
some cold spells especially in the evening and morning

hours.
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There are two rainy and two dry seasons. The ry
seasons occur from January to March and June to October
whereas the rainy seasons are March-May and late
October-December. The rains of March-May are light and
unreliable for agricultural purposes. The October-
December rains are heavier and more reliable for
agricultural purposes. The average total annual

rainfall obtained during the two years of study was 845

Drainage system is by numerous large water courses,
River Nziitu, Muuna and Kyandani (fig 3.1a). These
water courses are generally dry throughout the year
though in some moments during the rains, raging torronls
of erosion water from distant places, notably
overflowing River Tana at Usueni, may be observed alony
these watercourses usually for a few hours. However,
some of the watercourses may be regarded as subterranean
rivers as they serve as permanent sources of drinking
and domestic water to the inhabitants throughout the
year. UWater is collected just by scooping out sand to
the depth of 0.5-3m depending on the season.

Tseikuru is a semi-arid rural area (Plate 3.1).

The vegetation is generally sparse and consists mainly
of thorny bush type with acacia trees being very
dominant. Giant Baobab trees usually intersperse the

thorny vegetation (Plate 3.2).
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Plate 3.2 Aspects of vegetation and

livestock of Tseikuru
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Along the watercourses, dense discrete thickets of
thorny bushes may be observed. Adjoining areas may be
open woodland made up of shrubs with ground vegetation
of grasses and herbs. 0Open woodlands further away from
the watercourses have little or no undergrowth
vegetation perhaps due to intense erosion, weathering
and overgrazing by livestock.

During the dry seasons (January-March and June-
November ) most of the trees shade thejr leaves while the
undergrowths including grasses and herbs wither and die.
Intense heat and regular trampling by animals and humans
Cause them to break into tiny pieces that may be easily
blown away by wind, and some of the dry herbs and
grasses eaten up by the numerous livestock. This
further exposes the soil to further erosion by
weathering, water erosion and overgrazing. 1In the
course of my stay I have personally witnessed strong
windy -period from June to August . This wind fills the
air with dust particles and organic debris.

The inhabitants of Tseikuru and perhaps the whole
North-Eastern province are known as Wakamba. They live
In homesteads of 5-10 huts. Their buildings are mainly
round huts of mud walls and thatched roof. Souit imes
this could be a round hut of thatched roof and a
framework of stick, (wooden fence). Around shopping

centres (townships), rectangular buildings of mud bricks
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Or cement with corrugated iron roofs are now replacing
the huts.

During the October-December agricultural period,
millets, cow-pea beans and green grams are planted with
millet being the staple crop. Bulls and donkeys are
used as beasts of burden to plough the land. Manual
cultivation with local hoes is also practised. The
people also keep livestock mainly goats, cattle and
sheep. These are usually herd by young boys and girls

of 5-16 years and also young wives.,

3.3 Materials and methods

3.3.1 Soil sampling procedure

Soil samples used for this study were collected

from seventeen different ecological habitats namely:-

i Rodent and small animal burrows (Rbu)
2. Large animal burrows (Ab)

3. Treeholes (Ht)

4, Treeshades( Ts)

5. Tree bases (Pb)

6. Grass vegetation (Gr)

7. Animal enclosures (ae)

8. Termite hills fungus garden (Fg)

9. Termite hills ventilation shafts (Vs)
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10. Soil from inside houses (Hse-in)

11. Soil from outside house (Hse-out)

12. Rock crevices soil from Kyandani area (Rck)
13. Rock crevices soil from Muuna (Rcm)

14, Rock crevices soil from Ngiluni (Recg)

15. Soil from thicket floor (Thic)

16. Soil from riverbed (watercourse) (W)

17. Soil from chicken coop. (C)

3.3.1.1 Rodent and small animal burrows (Rbu)

Soil from rodent and small animal burrows was
collected by carefully digging the burrow with digging
tools such as hoe, fork and spade to the resting site of
the animal (Plate 3.3). Soil from the walls and floor
of the burrow was carefully scrapped and collected using
either a spade or desert spoon or both. The soil was
put in a plastic basin or a rectangular metal pan,
covered with a fine-mesh of nylon net held tightly over
the surface by an elastic rubber band on the sides and
edges of the container. Then it was transported to the

temporary laboratory.



47

Implements for soil collection

Plate 3.3

and processing
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3.3.1.2 Large animal burrows (ab)

Large animal burrows suspected to harbour such
animals as Ant-deer (Aardavaak sp) were dug on a
horizontal length of about ¢ ft, the soil from the walls
and floor of the tunnel was collected with spade into
Ppails, covered with fine mesh nylon net and transported

to the laboratory.
3.3.1.3 Treeholes (Ht)

Soil in the treeholes were either scooped out with
the aid of desert spoon or were swept out with a broom
Oor painters brush into a container, covered with the

nylon net and transported to the laboratory (Plate 3.4).

3.3.1.4 Tree bases (Pb)

Top soil from the bases of big trees were carefully
collected using spade, desert or table spoon. The soil
were put in a container, covered with nylon mesh and

transported to the laboratory (Plate 3.5).
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3.3.1.5 Grass Vegetation (Gr)

Grasses and herbs from a grass vegetation were
cleared and the top soil not exceeding 10cm depth wiis
collected into the container, covered with the nylon net

and transported to the laboratory.

3.3.1.6 Animal Enclosures (Ae)

Animal enclosures are areas fenced with thorny
twigs where animals (cattle, goats sheep and donkeys)
are kept mainly in the night. Soil from the areas with
thorough mixture of soil and animal dung as well as such
areas with attractive dampness for sandflies to lay eggs

was collected, prepared and Sent to the laboratory.

3.3.1.7 Termite Hills (Fg & Vs)

During each experiment a selected sandfly-
Productive termite hill was dug to fungus garden level,
following one or two prominent ventilation shaft(s).
Digging was carefully carried out from one side and the
ventilation shaft was gently cut open from that side
(Plate 3.¢). Loose soil accumulating in the shafts weroe
swept into the container using brush. Top one
centimetre of the surface soil of the walls of the

ventilation shafts was sCrapped with spade into the
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container. Soil from the ventilation shafts were
prepared and transported to the laboratory. Soil
samples from the fungus garden of the same termite hill

were prepared as separate samples.

3.3.1.8 Soil from inside and outside houses

Loose soil on the inside walls of houses were swept
down with broom or brush. These were swept together
with soil within one foot from the base of the walls and
collected into a basin using desert spoon (Plate 3.7).
Similarly loose soil on the outside walls were swept
down and collected together with those within one foot
from the base of the walls. Two to three huts were
swept at each occasion to get enocugh soil for the

experiment.

3.3.1.9 Rock crevices soil

Soil collections in crevices and spaces between
rocks were scooped using spoons or swept together using
brush or broom (Plate 3.8). The soil were put together
in a plastic or metal basin and transported to our
temporary laboratory in Tseikuru Health Centre for

incubation.
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Plate 3.7 Collection of soil from outside

walls of human dwellings
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Plate 3.8 Collection of soil from rock

crevices
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3.3.1.10 Thicket floor Soil

Litters from the forest floor were cleared, top
soil not deeper than 10cm was collected using spade, and
Oor desert spoon into the containers, covered with nylon
mesh and transported to the laboratory. Collection area

was about 10m into the forest.

3.3.1.11 Chicken houses/coop (1)

The chicken coops were made of specially woven
baskets, huts and earthen pots half burried into the
soil to enhance stability (Plate 3.9). Soil and chicken
droppings found in the pots were collected into a
container using desert spoons or by turning the contents
of the earthen pot right into a container, the sample
was covered with nylon net and transported to the

laboratory.

3.3.1.12 River bed Soil (W)

River bed soil was collected from selected corners
of the large watercourse. About 10cm deep top soil was
collected, covered with nylon net and transported to the
laboratory.

An average of 15kg of soil sample per site were

collected from various suspected breeding habitats ot 3.
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Plate 3.9 Chicken coops
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garnhami and other phlebotomine sandflies and incubated
in the laboratory for a minimum period of 90 days for
the emergence of sandflies. Before incubation, each
soil sample was vigorously shaken to remove debris and

any adult flies collected in the field with the soil.

3.3.2. Laboratory processing of the soil samples

In the laboratory all the soil samples were weighed
and an average of 15kg of each soil sample was used in
the experiment except for the treehocle samples which
were between 10-12kg. The soil samples were shaken
vigorously to remove debris and adult flies collected
with the soil. All the soil samples were put in a
rectangular metal basin about 640 cm2. The samples were
wetted thoroughly using insecticide spray bottles
(pump). MWater was released from the pumps in tiny Jjets
and this gradually wetted the soil (Plate 3.10). Minimal
light conditions and high relative humidity, were
maintaned by covering all the soil samples with nylon
netting and totally wrapped up in dark polythene sheets.
The soil samples were kept at room temperature in the
laboratory (Plate 3.11 ) for a minimum of 90 days.

The soil samples were checked twice daily between
0600-0700 hours and 1700-1800 hours. A fine net was
hung over the checker to prevent escape of sandflies

when each soil sample was opened (3.12). The soil
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samples were wetted regularly during checks to replace
water lost by evaporation and also to keep the condition
of the experiment fairly constant.

The sandflies that emerged from the samples were
washed in 1.0% detergent saline, rinsed in normal saline
and mounted onto a microscopic slide with the aid of
stereomicroscope using gum chloral mountant. The
sandflies were identified under the compound microscope
using x10 or x40 objectives. The identification
parameters employed included the distribution of the
erect hairs on the abdominal tergites, the stucture of
cibarium and number of cibarial teeth and spermatheca
for the females or the terminalia for the males. Plates
3.13 and 3.14 show the identification parameters

S.garnhami .

3.3.3 Experimental design.

The study was carried out in bits of four
experiments designed to locate the natural breeding
sites of this species and also to study the events in
the seasonality of S garnhami.

Experiment 1 was carried out from the third week of
February 1989 to the second week of June the same year.
It was intended to study the events in the life cyclv of
S garnhami immediately after the peak period of this

species which is between November and January.



60

Plate 3.10 Preparation of soils for incubation

in the laboratory for emergence of

sandflies



Plate 3.11
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Prepared soil samples wrapped

in dark polythene sheets and
incubated inside the laboratory

at room temperature. The dark sheets
were to provide darkness and

maintain moisture.
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Plate 3.12 Checking soil samples for
sandfly emergence with fine netting

hung over the checker
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Plate 3.13 1Identification parameters of a female
S.garnhami. 1. The head (h) showing the pharynx (p), and
cibarial teeth (¢). 2. The abdominal tergites (t)

showing the spermatheca (s).



Plate 3.14 Identification parameters of a male
S.garnhami. 1. The head (h) showing the
pharynx (p), and the cibarial teeth (e).
2. The terminalia (te) comprising the coxite

(co), the styles (st) and the spines (sp).
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Experiment 2 was carried out between June and
September 1989. It was meant to understand what
happened from June when S. garnhami population is
declining from the April-June peak period.

Experiment 3 was carried out from September 1989,
the hottest period of the year and kept uptil December.
It is a period when S. garnhami is presumably under
diapause due to prolonged adverse hot weather conditons.
It was meant to investigate if the provision of moistire
would break diapause in the fly.

Experiment 4 was carried out from March to June
1990. It was intended to confirm the results of the
first experiment (February-June 1989). All the

experiments lasted for a minimum of 90 days.

3.4 Results

3.4.1 Experiment 1 (Feb-June)

Table 3.1 shows the data collected from the first
experiment. A total of 665 sandflies were recovered
from this investigation. 208 (or 31.28%) sandflies were
recovered from soil sample of the termite hill fungus
garden, 72 (or 10.83%) from treeshades and from rock
crevices sample from Ngiluni area respectively, while 61
sandflies (or 9.17%) emerged from soil sample from

animal enclosures and 43 (or 6.47%) from the inside
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houses soil. Others included ventilation shafts of
termite hills 27 (or 4.06%), rock crevices at Kyandani
area 25 (or 3.78%), rock crevices at Muuna area and
rodents and small animal burrows 24 (or 3.61%)
respectively, large animal burrows 23 (or 3.46%), tree
bases 22 (or 3.31%), outside houses 21 ( or 3.16%), tree
holes 19 (or 2.86%) grass vegetation 17 ( or 2.56%) and
thicket floor 7 (or 1.05%). No flies emerged from soils
of the river bed and chicken houses. Analysis of
variance showed that the sites were significantly
different from one another (df = 14, F-value = 1.93, P =
0.028). Duncan’s multiple range test also showed that
fungus garden of the termite hills was significantly
different from other sites (table 3.2).

A plot of S.garnhami numbers in relation to other
phlebotomine sandflies that emerged from the differnt
soil samples is shown in fig 3.2. S.garnhami was
recovered in 9 soil samples. These were large animal
burrows, animal enclosures,fungus garden and ventilation
shafts of termite hills, treeholes, rock crevices from
Ngilunu and Muuna areas, thickets and tree shades.
Between one and three S. garnhami were recovered from
each of the samples.

Thirteen sandfly species emerged from the soil
samples studied (table 3.3). Total S. bhedfordi
recovered were 426 (or 64.06%) it was the most abundant

species recovered. This was followed by S§. antennatus
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97 (or 14.57%), S. schwetzi 55 (or B.27%) and P. martini
14 (or 2.11%). Because of the difficulty in
morphological identification of the females of the
Synphlebctomus species (P.celiae, P.martini and
FP.vansomerenae) the females were grouped under
Synphlebotaomus. This constituted 11 (or 1.65%) of the
total species collected. Other species recovered
included S clydei and S.garnhami 13 each (or 1.95%)
S.affinis 8 (or 1.20%) S.ingrami 10 (or 1.50%), S.kirki
and S.squamipleuris were 6 (or 0.90%) each,
FP.vansaomerenae 3 (or 0.45%), S.adleri 2 (or 0.3ur) and
S.christophersi 1 (or 0.15%). No male of F.celiae was
recovered from any of the soil samples (fig 3.3).
Analysis of variance showed that the species were not
significantly different from one another (df = 12, F-
value =1.20, P= 0.2647) but the sandfly sexes
significantly differed from each other (df = 1, F-value
= 145.72, P = 0.0001%%xx). Duncan’s Multiple range test
showed that significantly more females (mean = 0.32945,
N = 479) than males (mean =0.28038, N = 479) emerged
from the experiments. The period of sandfly emergence
(day or night) was not significant (df = 1 , F-value =
2.02 P = 0.1557).

Figure 3.4 is a plot of the daily pattern of
emergence of flies from experiment 1. Emergence of the
first sandfly was observed on the 8th day from the start

of incubation. This was followed by intermitent periods
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Table 3.1 The number and percentage of sandfliecs

recovered from the soil samples of various

sites in experiment 1.

sandflies
recoieraed

Fungus garden 208
Treeshades 72

Rock crevices(Ngiluni) 72

Animal enclosure 61
Inside houses 43
Ventilation shaft 27

Rock crevices (Kyandani) 25

Rock crevices (Muuna) 24
Rodent burrows 24
Large animal burrows 23
Treebases 22
Outside houses 21
Treeholes 19
Grass vegetation 17
Thicket 7
River bed o
Chicken coop o
Total 665

10.83
?.17

6.47

.61
.61

.46

.16

3

3

3
3.31
3
2.86
2

.56
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Table 3.2 Comparison of sites by Duncans’ Multiple Range

Test (Experiment 1)

Duncan grouping Mean Site
A 0.3238 Fungus garden
B A 0.3043 Tree base
B A Q. 30 Animal enclosure
B A 0.3038 Tree shade
B A 0.3006 Rock crevices Ngiluni
B A 0.3004 Rock crevices Muuna
B A 0.3000 Rodent burrows
B A 0.2995 Rock crevice Kyandani
B A 0.2988 Inside houses
B & 0.2974 Tree holes
B A 0.2959 Animal burrows
B A 0.2945 Outside houses
B A 0.2934 Grass vegetation
B A 0.2920 Ventilation shaft
B 0.2898 Thicket floor
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Table 3.3 Sandfly species recovered fr.«w i s0il
samples of various sites in experiment 1
Species No of Percent

sandflies

recovered
P.martini 14 2.11
P.vansomerenae 3 0.45
Synphlebotomus females 11 1.65
S.adleri 2 0.30
S.affinis 8 1.20
S.antennatus 97 2.11
S.bedfaordi 426 64 .06
S.christaphersi 1 .15
S.clydei 13 1.95
S.garnhami 13 1.95
S.ingrami 10 1.50
S.kirki 6 0.90
S.schwetzi 55 8.27
S.squamipleuris 6 0.90
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of emergence and non-emegence of sandflies until day 40
to day 80 when most of the flies emerged. After, there
was continued fluctuatons and declining emergence of the
sandflies until the end of the study. Sandflies
continued to emerge from the soil samples uptil 115th
day when the study was stopped. The first S. garnhami
emerged on the 61st day whereas the last was on the 83rd
day. A plot of loa(n+1) of sandfly daily cumulative
Emergence against days (fig 3.5) revealed an initial
delay after incubation followed by a rapid increase in
sandfly emergence which gradually started to level from
day 60 A calculation of 50% (333 out of ¢65) emergence

showed this to be on the 72nd day (log 333+1=2.52375).

3.4.2. Experiment 2 (June-Sept )

Table 3.4 shows the number and percentage of
sandflies that emerged from this experiment. A hundred
and twenty phlebotomine sandflies were recovered. No
sandflies emerged from the soil samples from the large
animal burrows, chicken coops and river beds. 24 (or
20.0%) were recovered from the tree shades so0il, 19 (or
15.83%) from tree bases and 14 (or 13.33%) from rock
crevices from Muuna area. Other soil samples from which
sandflies were recovered included thicket floor soil 14
(or 11.67%), inside houses 8 (or 6.67%), fungus garden 7

(or 59.83%), and rodent and small animal burrows & (or
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5.00%). Termite hill ventilation shaft, grass
vegetation and rock crevices from Kyandani area each
vielded S flies (or 4.17%). Soil from treeholes yielded
4 (or 3.33%), outside houses soil and those of rock
crevices from Ngilunu yielded 3 (or 2.5%) each. One
sandfly (or 0.83%) emerged from the soil collected from
animal enclosures. Analysis of variance showed that the
sites were not significantly different from one another
(df = 13, F-value = 0.11, P = 1.000).

Fig 3.6 is a plot S.garnhami numbers in relation to
other phlebotomine sandflies recoverd from each soil
sample. No S. garnhami emerged from any of the samples.

Six species were collected from the samples (table
3.5). Again all the females of the Synphlebotaomus
species were grouped under Synphlebotomus. The species
were S.bedfordi 103 (or 85.83%), S.antennatus 10 (or
8.3%), P.martini 3 (or 2.5%), Synphlebatomus females 2
(or 1.67%), S.affinis and S.schwetzi 1 (or 0.83%)
respectively. Figure 3.7 shows all thé sandflies that
emerged from different soil samples in this experiment.
Analysis of variance showed that the species were not
significantly different from one another (df = 5, F-
value =0.06, P= 0.9976) but the sandfly sexes
significantly differed from each other (df = 1, F-value
= 25.81, P = 0.0001%%x). Duncan’s Multiple range test
showed that significantly more females (mean = 0.31679,

N = 105) than males (mean =0.27402, N = 105) emerged
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Table 3.4 The number and Percentage of sandflies
recovered from the soil szmples of various

sites in experiment 2

Site No of Percent

sandflies

recovered
Fungus garden 7 5.9
Treeshades 24 20.0
Rock crevices (Ngiluni ) 3 2.5
Animal enclosure 1 0.83
Inside houses 8 6.6
Ventilation shaft 5 4.17
Rock crevices (Kyandani) S 4.17
Rock crevices (Muuna) 16 13.33
Rodent burrows 6 5.00
Large animal burrows o 0
Treebases 19 15.83
Outside houses 3 2.5
Treeholes 4 3.33
Grass vegetation 5 4.17
Thicket 14 11.6
River bed 0 o
Chicken coop o o
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Table 3.5 Sandfly species recovered from the soil

samples of various sites in experiment 2.

Species No of Percent

sandflies

recovered
P.martini 3 2.5
Synphlebotomus females 2 1.6
S.affinis 1 0.83
S.antennatus 10 8.3
S.bedfordi 103 85.83

S.schwetzi 1 0.83
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from the experiments. The period of sandfly emergence
(day or night) was not significant (df = 1 , F-value =
0.39, P = 0.5506).

A plot of sandfly daily emergence pattern (fig 3.8)
showed that sandflies started emerging from the 2nd day
of the experiment and continued progressively uptil day
50. Most of the sandflies emerged during this period.
After there was a fluctuating decline in sandfly
emergence until the end of the study in September . A
plot of log(n+1) of sandfly daily cumulative emergence
(Fig 3.9) also showed a trend of rapid emergence of many
sandflies from the start of the experiment. This
continued until about day 40 when it started to level
off . A calculation of 50% (or 40 out of 120) sandfly
emergence showed this to have occured on day 35 (log

60+1=1.7853).

3.4.3 Experiment 3 (Sept Dec)

Table 3.6 shows the number and percentage of
sandflies recovered from various soil samples. A total
of 137 sandflies emerged from all the soil samples
investigated. 27 (or 19.71%) emerged from thicket floor
soil, 22 (or 16.06%) from rock crevices soil from Muuna
area, 13 ( or 9.49%) from inside houses soil, and 11 (or
8.03%) from soil samples of grass vegetation and tree

holes respectively. 10 ( or 7.30%) emerged from big



S’

84

animal burrow soil, 8 ( or 5.84%) from termite hill
fungus garden and rock crevices soil sample from
Kyandani area respectively. Other samples from which
sandflies emerged included rock crevices soil from
Ngilunu area 7 (or 5.12%), outside houses soil and
rodent and small animal burrows 5 (or 3.465%)
respectively, ventilation shafts and tree bases 4 (or
2.92%) each. Tree shades yielded 2 (or 1.46%).
Analysis of variance showed that the sites were not
significantly different from one another (df = 13, F-
value = 0.09, P = 1.000).

Fig 3.10 is a plot of S.garnhami in relation to
other phlebotomine sandflies recoverd from various soil
samples S.garnhami was recovered from 10 sites. These
were the big animal burrows, grass vegetation, inside
houses, outside houses, rodent and small animal burrows
and the rock crevices samples from Kyandani, Muuna and
Ngilunu areas. The other sites were thicket floor and
tree shade soil samples

Nine sandfly species were recovered from this
experiment (table 3.7). These were S.bedfordi 75 (or
54.74%), S.antennatus 22 (or 16.06%), S. garnhami 15 (or
10.95%), S.schwetzi 9 (or 6.57%), S.kirki S (or 3.65%),
S.clydei 4 (or 2.92%), S.affinis 3 (or 2.19%). Other
species included P.martini and S ingrami 2 (or 1.46%)
respectively (fig 3.11). No females of the

Synphlebotomus species were recovered. Analysis of
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variance showed that the species were not significantly
different from one another (df = 5, F-value =0.06, P=
0.9976) but the sandfly sexes significantly differed
from each other (df = 1, F-value = 13.89, P =
0.0002%x% ). Duncan’s Multiple range test showed that
significantly more females (mean = 0.30770, N = 126)
than males (mean =0.27893, N = 124) emerged from the
experiments. The period of sandfly emergence (day or
night ) was not significant (df = 1 , F-value = 0.00, P =
0.9966).

Figure 3.12 is a daily sandfly emergence pattern
plot. It showed that an initial delay of about 10 days
from the beginning of the study before the first fly
emerged. There was no emergence for another 20 days
after which emergence of many flies started in earnest.
However, most of the flies emerged between day SO0 and
100 when the study was stopped. The first S.garnhami
emerged on the the 73rd day and more continued to emerge
uptil the 85th day. A log (n+1) plot of sandflies daily
cumulative emergence also showed the initial delays
until the 27th day when many flies started emerging.
This continued until the 40th day when high bu! - :. 1 nk
number of flies continued to emerge uptil the end of the
study (fig 3.13). A calculation of 50% emergence (&9
out of 137 sandflies) showed that this occured on the

65th day (log 69+1= 1.8451).
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Table 3.6 The number and Percentage of sandflies

recovered from the soil samples of various
sites in experiment 3

Site No of Percent

sandflies

recovered
Fungus garden 8 5.84
Treeshades 2 1.46
Rock crevices(Ngiluni) 7 5.12
Animal enclosure 0 0
Inside houses 13 9.49
Ventilation shaft 4 2.92
Rock crevices (Kyandani) 8 5.84
Rock crevices (Muuna) 22 16.06
Rodent burrows S 3.65
Large animal burrows 10 7.30
Treebases 4 2.92
Outside houses 5 3.65
Treeholes 11 8.03
Grass vegetation 11 8.03
Thicket 27 19.71
River bed 0 o
Chicken coop 8] g
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Table 3.7 Sandfly species recovered from the different
soil samples in experiment 3
Species No of Percent

sandflies

recovered
P.martini 2 1.46
S.affinis 3 2.19
S.antennatus 22 16.06
S.bedfordi 75 54.74
S.clydei 4 2.92
S.garnhami 15 10.95
S.ingrami 2 1.46
S.kirki S 3 .65

S.schwetzi 9 6.57
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Fig 3.11 Phlebotomine sandfly species recovered from soil samples of various sites
(experiment 3, Sept-Dec 1989)
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3.4.4 Experiment 4 (March-June)

Table 3.8 shows the number and percentage of
Phlebotomine sandflies that emerged from this study. 4
total of 273 sandflies emerged from the various soil
sample investigated. 47 (or 17.22%) emerged from rod. nt
and small animal burrows 33 (or 12.09%) from outside
houses and termite hill fungus garden soil samples
respectively. Other sites were termite hill
ventillation shaft 29 (or 10.62%) inside houses and tree
shades 27 (or 9.89%) each, large aninmal burrows 23 (or
8.42%), tree holes 21 (or 7.49 %) treebases 20 (or
7.33%) and rock crevices 13 (or 4.76%). No flies
emerged from soil samples from animal enclosures, gr.;s
vegetation and thicket floor riverbed, and chicken cCoops
Analysis of variance showed that the sites were not
significantly different from one another (df = 13, F-
value = 0.33, P = 0.9998).

Figure 3.14 is a plot of S. garnhami in relation to
other sandflies recovered from this experiment. Only
One S.garnhami was recovered from this study. Analysis
of variance showed there was no significant difference
between sites (df=14, F=value=0.16 P=0.9948).

Eight sandfly species were recovered (table 3.9).
They were S.bhedfordi 227 (or 83.46%), S.antennatus 28
(or 10.26%), S.clydei 7 (or 2.56%), S.schwetzi 6 (or

2.20%) and S.kirki 2 (or 0.73%). S.affinis, S.garnhami
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and S.squamipleuris were 1 each (or 0.37%). Figure 3.15
shows all sandfly species that emerged from this
experiment. Analysis of variance showed there was no
significant difference differences between species
numbers (df=7, F-value =0.04 P= 0.999). Neither females
nor the males of the Synphlebcotomus species were
recovered. Analysis of variance showed that the
species were not significantly different from one
another (df = 7, F-value =0.05, P= 0.9998) but the
sandfly sexes significantly differed from each other (df
=1, F-value = 45.29, P = 0.0001%%x). Duncan’s Multiple
range test showed that significantly more females (mean
= 0.31446, N = 236) than males (mean =0.27634, N = 234)
emerged from the experiments. The period of sandfly
emergence (day or night) was not significant (df = 1, F-
value = 0.68, P = 0.4097).

A plot of sandflies daily emergence pattern (Fig 3.
16) showed that emergence was recorded from the second
day of incubation. There were low number of flies
emerging until the 20th day. Many flies emerged from
the 20th day until when a peak of 12 flies was recorded
on the 97th day Flies continued to emerge until the end
of study in June 1990. The first and the only
S.garnhami from this study emerged on the 98th day. A
log (n+!1) plot (fig 3.17) of the daily cumulative
emergence showed increased fly emergence starting from

the beginning of the study. This was however punctuated
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Table 3.8 The number and percentage -1 ..aulllies
recovered from the soil samples of various

sites in experiment 4

Site No of Percent

sandflies

recovered
Fungus garden 33 12.09
Treeshades 27 .89
Animal enclosure o 0
Inside houses 27 9.89
Ventilation shaft 29 10.62
Rock crevices 13 4.7
Rodent burrows 47 17 .22
Large animal burrows 23 8.42
Treebases 20 /.33
Outside houses a3 12.09
Treeholes 21 7 .69
Grass vegetation 0 0
Thicket @) 0
River bed o 0
Chicken coop 0 0
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Table 3.9 Sandfly species recovered from the soil

samples of various sites in experiment .4

sandflies

recovered
S.affinis 1 0.37
S.antennatus 28 10.26
S.bedfordi 227 83.464
S.clydei 7 2.56
S.garnhami 1 0.37
S.kirki 2 0./3
S.schwetzi 6 2.20

S.squamipleuris 1 0.37
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by short delays until the 40th day when emergence per

day was fairly constant

3.4.5 Pooled data

Pooled data from the 4 experiments (table 3.10)
showed that 1195 sandflies were recovered from the
experiments. 256 sandflies (or 23.99%) emerged from the
termite hill fungus garden, 125 (or 11.25%) from tree
shades and 91 (or 8.53%) from inside houses soil
samples. Others were rodent and small animal burrrows
82 (or 7.69%), rock crevices 73 (or 6.84%), termite hill
ventilation shafts and tree bases 65 sandflies each (or
6.09%). Animal enclosures and outside houses yielded 62
(or 5.81%) each, large animal burrows 56 (or 5.25%),
treeholes 55 (or 5.15%), thicket floor samples 42 (or
3.94%) and grass vegetation 33 (or 3.09%). In the 4
experiments, no flies were recovered from soil samples
from chicken coops and riverbeds. Analysis of variance
showed that the experiments were significantly different
from one another (df=3, F-value = 4.29, P = 0.0050%*).
The sites were not significantly different from one
another (df= 16, F-value=1.28, P = 0.2031) at 5%
significant level but Duncan’s multiple range test
indicated that fungus garden of the termite hills was

significantly different from other sites (table 3.11).
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A plot of S.garnhami numbers in relation to other
species recovered from the various soil samples (fig
3.18 ) shows that S. garnhami was recovered from 14 out
of the 17 sites investigated. The sites included large
animal burrows, animal enclosures, ventilation shafts
and fungus gardens of termite hills, grass vegetation,
inside and outside houses samples, treeholes, rodents
and small animal burrows, all the rock crevices, thicket
floor samples and tree shades. These results showed
that S.garnhami and other sandflies in Tseikuru have a
wide distribution of breeding sites with termite hills
fungus garden having most of the emergents.

Fourteen species were altogether recovered from the
various experiments (table 3.12). They were S.bedfordi
831 (or 69.54%), S.antennatus 157 (or 13.14%),
S.schwetzi 71 (or 5.94%), S.garnhami 29 (or 2.43%),
S.clydei 24 or 2.01%), P. martini 19 (or 1.59%),
Synphlebotomus females, S affinis and S.kirki were 13
each (or 1.09%), S.ingrami 12 (or 1.00%),
S.squamipleuris 7 (or 0.59%), P.vanscmerenae 3 (or
0.25%), S.adleri 2 (or 0.17%) and S.christophersi 1 (or
0.08%) Figure 3 19 shows all the sandfly species
collected from this experiment. Analysis of variance
showed that the species were not significantly different
from one another (df = 12, F-value =0.94, P= 0.5158) but
the sandfly sexes significantly differed from each other

(df = 1, F-value = 229.89, P = 0.0001%%%¥). Duncan’s
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Table 3.10 The number and percentage of sandflies
recovered from the soil samples of various

sites of the 4 experiments.

Site No of Percent

sandflies

recovered
Fungus garden 256 23.99
Treeshades 125 11.25
Animal enclosure 62 5.81
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