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A B S T R A C T 

Factors affecting the distribution and 

abundance of Phlebotornine sandf lies were studied during the 

period 1985 to 1987, in the Marigat leishrnaniasis endemic 

area, located in Baringo district, Kenya. It was found that 

the relative abundance of Phlebotomus species collected from 

burrows was 4-fold those from termite hills, whereas the 

Sergentomyia species recovered from termite hills was twice 

the number caught in animal burrows. Both termite hills and 

animal burrows were the main sandf ly breeding and resting 

sites in the Marigat area. The Sergentomyia species were 

predominant in this area, representing 97 per cent of the 

total sandfly population, while the Phlebotomus constituted 

only 3 per cent of the population. Considerable seasonal 

variations were observed in both sites. However , sandfly 

relative abundance increased in the rainy season and 

decreased in the dry period. The Phlebotomine sandflies 

were grouped into perennial and seasonal species. 

Sergentomyia antennatus was the most collected sandf ly 

species followed by~· bedfordi. Phlebotomus martini showed 

a high capture rate among the Phlebotomus species. 

Fluctuations in ~he sandfly population fr om 

all breeding and resting sites are discussed, in relation to 

environmental conditions. The abiotic factors, particularly 

t he rainfall, appeared to have important effects er. the 
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distribution and abundance of sandflies. Two major peaks o f 

sandfly abundance were observed in April and August , 

cor responding to high rainfall. Significant positive 

correlation coefficients obtained between rainfall and 

sandfly vectors of leishmaniases, showed that high incidence 

of the disease occurred mainly during the rainy season. 

Collections of phlebotomine sandflies in 

differentes vegetation habitats demonstrated the exi s t ence 

of a high density of flies in large trees. Sergentomyia 

bedfordi seemed to be more closely associated with the 

vegetation habitats. The studies on sandfly vertical 

distribution in two different biotopes showed that only 

Serqentomyia bedfordi and ~- antennatus reached a height of 

ten metres and beyond. Also, it was observed that two types 

of sandfly populations occur in the forested area: the lower 

species (Sergentomyia inqrarni, ~- affinis , ~ . adleri , ~ 

africanus and ~ · clydei ) , mainly flying from the ground 

level up to five metres and the species f l ying beyond six 

metres (Serqentomyia bedfordi and[. antennatus). Relating 

the sandfly density and the height of flight , it was found 

that the number of both male and female sandf lies 

significantly decreased with the height. 

It was possible to relate the increase of 

phlebotomine sandflies in a particul a r habitat to the 

presence of a c ertain number of soil chemical and physica l 
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characteristics. It was found t hat the g r owth of t he 

i mmature s t ages depended on parameters such as organi c 

c arbon , calcium, potass i um, sand and clay. However, o ther 

features s u ch as sodium were found to have detrimental 

effects on sandfly abundance. 

The identification of bloodmeals , determined 

the range of possible hosts on which each sandfly feeds , and 

showed t he degrees of anthropophily of the local sandflies . 

The bloodmeal analyses also provided the actual or potent i al 

sandf l y hosts for the Leishmania parasite. 
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GE~ERAL INTRODUCTI CN 

The term sandf ly refers to a group of insects 

(Di ptera: Psychodidae ) which transmit the disease known as 

leishmaniasis. Sandf ly vectors ~ransmit various for~s cf 

leishmaniasis such as the visceral leishmaniasis commonly 

known as kala - azar, the cutaneous leishmaniasis also called 

d e rmal leishmaniasis or the oriental sore, and the muco 

c u t aneous leishmaniasis . kno~n as espundi3 or the American 

cutaneous leishmaniasis. Mcdern research on leishmanias is 

da~es from the discovery of the leishmanial parasite (Phylum 

of Protozoa, the Order of Kinetoplastida and the Family of 

Trypanosornatidae ) in 1903 (Garnham, 1987 ). However. 

Leishman and Donovan ~ere the first to observe and recognize 

the leishmanial par3sites from a spleen biopsy of a patient 

(Lewis , 19761. Normally endemic in certain wild ani~al 

spec ies forming the reservoir of the disease, the human 

leishrnaniasis (kala-azar , the dermal leishmaniasis or the 

American leishmanias is) is a zoonosis, in which man is the 

occasi~nal or accidental host . but nevertheless a very 

vulnerable one (Disney, 1966; Shaw and Lainson . 1 968). 

According to the World Health Organization, Leishmaniasis is 

one of the six major communicable diseases (Peters and 

Killick- Kendrick, 1987). Leishmaniases are among the 

important public health p r oblems facing populations in the 

tropical and subtropical areas (Mutinga , l986al. 
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The French workers in North Africa {Pressat, 1 905; 

Sergent and Ser gent, 1905) were the first to publish reports 

implicating the phlebotomine sandflies ( Phle~otomus) as the 

likely potential vectors of leishmaniasis. The discovery of 

the insect vector, long suspected of being a sandfly, had to 

wait until workers i n India (Swaminath, et al., 1942) 

succeeded in transmitting Leishmania donovani Laveran and 

Mensil to man by the bite of experimentally infected 

Phlebot~mus argentipes Annandale and Brunetti , and in the 

Middle East, Adler and Theodor (1926, 1928, 1929a, and b) 

and Adler and Ber (1941) transmitted ~· tropica Wright to 

man by the b ite of ~· papatasi Scopoli and ~. sergenti 

Parrot and Martin. Sandflies are potential vectors of 

various other infections to man, such as bartonellosis or 

Carrion's disease, the sandfly fever or pappataci fever , the 

spirochetes . the vesicular stomatitis, and the dengue fever 

{Abonnenc , 1972; Chaniotis , 1978; Herrer and Christensen, 

1975). Apart from their medical importance to man, 

sandflies also are responsible for transmitting the canine 

leishmaniasis to dogs and reptilian leishmaniasis to 

reptiles (Kill i ck-Kendrick 1978). 

Economically, leishmaniases are very important in 

the developing countries which already are involved in 

combating other public health problems . In Brazil, the 

cutaneous and muco-cutaneous leishmaniases c onstitute 
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serious problems among labour workers e ngaged i~ ~he 

development of heavily forested areas. Trunks of trees 

serve as refuge or d aytime res t ing sites for sandfly vectors 

of leishmaniasis. Once disturbed from their resting sites, 

these flies are attracted to forest workers , who receive the 

flies' bites. 

I n Kenya, visceral and cutaneous leishmaniases were 

introduced probably during the Second World War (Mutinga, 

1980 ) . Th e first outbreak occurred in 1940 , among soldier s 

who were camped in the North of Lake Turkana in South West 

Ethiopia. After the war, sporadic cases were r ecorded in 

many places i n the country and that was after the soldiers' 

departure. Piers (19 47) s t ated that leishmaniasis was rare 

in the East ~frica before the war, and the only area in 

wh ich leishmaniasis was known to be endemic (before the war) 

was the Northern Frontier District, s ituated between the 

Uaso Ngisu river and t he Abyssinian (Ethiopia) border. 

Therefore , h e concluded , that cutaneous cases were obviously 

"imported " as infections were contracted in endemic areas 

outside Kenya and, only became manifest i n East Africa . 

Thr oughout t he World, and mainly i n the Tropics and 

Subtropics , an estimated 400 , 000 ne w cases of leishmaniases 

are reported annually (W.H . O., 1984; Young and Lawyer , 

1987 ). Lainson and Shaw (1978) and Lee et al. (1 985 ) stated 

that of the diseases c aused by proto zoal parasites, 
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leishmaniasis is probably second in importance only tc 

ma:aria in many areas . 

Before 1940, the tartar emetic (sodium antimonyl 

tartrate) , the anthiomaline (an organic trivalent 

antimonial) , the urea stibamine and an organic pentavalent 

antimonial were used in leishmaniasis treatment (Cole, 1944; 

W.H.O. , 1984) . Only the urea stibamine in adequate dosage 

gave successful results. In East Africa, Cole (1942) 

highlighted the use of stilbamidine in the t reatment of 

leishmaniasis. Nowadays, the antimony gluconate, a 

pentavalent antimonial drug has been extensively used in 

~eishrnaniasis treatment. However, due to its high cost, 

toxic ity , lower efficacy and adverse side-effects, its use 

has diminished (W. H.O. , 1984) . Also, patients treated with 

the antimony gluconate tend to relapse. For second-line 

~~eatmen~ . the amphotericin B and pentamidine have been 

c~mmonly used respectively in the New and Old Worlds 

(W .H . O., 1984; Were et al., 1986). The use of both drugs is 

limited to patients who are unresponsive to antimonials. 

Were et al . (19 86\, reported that due to significant 

1rawbac~s of drugs used in leish~aniasis treatment, (high 

toxicity, difficu lty of drug administration , high cost and 

limited availability) , it is not yet possible to ffiake firm 
. 

re~ommendations concerning the treatment of leishmaniases . 

Lainson and Shaw (1978 ) stated hat, due to high toxicity of 

the antimonial drugs, their high r a~e of relapses a~ter 
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treatment, acccmpanied by their unsuccess f ul re sults and the 

absence of any vaccine against the d isease. the control o f 

leishrnaniasis should depend on eliminating either the 

reservoirs or the insect vector, or both . Results from 

studies indicate that c ontrol measures of leishmaniasis 

cou l d only succeed if essential environmental parameters 

regulating the sandfly vectors, the sandfly behaviour and 

the sandfly ecology are well understood. 

Available literature indicates that a few 

applications of insecticides have been c arried out on 

controlling sandflies. Killick-Kendrick (1978 } and Ward 

(1977} stated that, the prolonged exposure of sandflies to 

insecticide might lead to the appearance of resistance. 

Sandflies had also shown resistance to chlorinated 

inseccicides in some parts of USSR (Killick-Kendrick , 1978). 

Lainson and Shaw (1978) repor ted that , in the Peruvi an 

Andes , Lutzomyia verrucarum {Townsend} vecto r of Leishmania 

peruviana Velez, responsible fo r "uta" (so-c alled 

tegumentary leishmaniasis ) , a form of American 

leishmaniasis and o f human bartonellosis , was efficiently 

controlled by in'tensive spraying of DDT. Also, he stated 

that, i n Brazil the American visceral leishmaniasis caused 

by 1· chaqasi Cunha and Chagas was efficiently controlled 

using insecticides. Currently in Latin America, the problem 

of controlling cutaneous and muco-cutaneous leishrnaniases 

has not been overcome. The use of insecticide o n a large 



-6-

scale in tropical rainforest is highly uneconomical. From a 

biological viewpoint, insecticides are dangerous because 

they cause destruction of small-mammal populations and also 

harm man. In 1968, limited applications of insecticide (2% 

aqueous DDT suspension } was utilized in Kitui area (Kenya), 

both in houses, in thorn bush enclosures and in termite 

hills of all types to control sandflies but with temporary 

success (Mutinga, 1985; Zahar, 1981). 

The clearance of forest, in the continuing 

development of land for agriculture and other purposes, 

undoubtedly reduces leishmaniasis endemic areas {Lainson and 

Shaw, 1978), but alternatively, destroying ~he forest and 

establishing an open dry terrain may create new areas which 

are favourable for Lutzomyia lonqipalpis (Lutz and Nieva) , 

vector of visceral leishmaniasis. Rutledge and Ellenwood 

(1975a), suggested that the effects of thinning and 

selective removal of plant species could greatly reduce or 

eliminate the sandfly breeding, and hence, its population 

density. Mutinga (1985 ) concluded that the use of 

insecticides in controlling sandflies, is feasible where 

there is a high population density of sandflies. In order 

to be effective, careful preliminary planning and studies on 

the bionomics and behaviour of the fly are essential. 

~herefore , control measures against sandflies should be 

based on knowledge of various essential parameters occurring 

in the envir0nment. These parameters are: the sandfly 
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popuiation density in breedi ng and resting sites, the 

environmental factors and their effects on sandf l y 

abundance, the microclimate (soil temperature and soil 

relative humidity), the sandfly density in the vegetation 

cover and their flight behaviour, and the sandfly host 

preferences, among others . Perfil'ev (1966), stated that" 

The control of arthropods (parasites of man and vectors of 

disease } cannot be achieved without a precise knowledge of 

their biology , i.e. , their life cycle, duration of the 

stages of development , h abitats, shelters , habits , food, 

reaction to environmental facto r s, sensitiveness to 

insecticides or other control measures, and so on ... " . 

Killick- Kendrick (1978), noted that long-term studies on t he 

population dynamics of a vector species are of inestimable 

value in planning a control strategy. 

It is evident that in Kenya as well as in many 

other countries , most of the previous investigations on 

p h lebotomine sandflies, were concerned with compiling lists 

of sandfly species occurring in a region; they dealt with 

the disease transmission; the identification of the 

parasites isolated from leishmaniasis patients as well as 

from the animal reservoirs; the delimitation of zones of 

local transmission of leishrnaniasis and the establishment of 

leishmaniasis endemic zones . Also the earlier investigators 

implicated the movement of people in the spread or the 

dissemination of the disease. The s tudy of sandfly species 
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in Kenya received 3 sudden impetus fo llowing the outbreak of 

a serious epidemic of kala-azar in Kitui District towards 

the end of 1952 (Heish, 1954; Mckinnon and Fendall , 1955), 

and the discovery of kala-azar in Baringo District in 1955 

(Mckinnon and Fendall, 1956; Mckinnon, 1962; Mutinga and 

Ngoka, 1983). In recent years, detailed investigations on 

sandflies and their transmitted diseases have been initiated 

at the International Centre of Insect Physiology and 

Ecology/Nairobi {Mutinga and Odhiambo, 1986a,b; Mu~inga and 

Kamau , 1986; Mutinga et al., 1986a , b; Mutinga , 1986a,b; 

Mutinga et al., 1987). Most c f these studies are related to 

the epidemiology of leishmaniasis and the ecology of 

phlebotomine sandflies in various parts of Kenya. Studies 

on the relationship be~ween termite hills and the presence 

of leishrnaniasis in West Pokot, revealed that all homes 

afflicted with kala-azar had the sandfly breeding and 

resting sites within a 10-metres radius (Mutinga et 

al.,1984). They ther,efore, incriminated the termite hill as 

main breeding place of Phlebotomus martini Parrot, 

responsible for the transmission of 1· donovani, causative 

organism of kala-azar, and cons idered dogs as reservoirs of 

the pathogens (Mutinga et al., 1984). Mutinga and Odhiambo 

(1986a), investigating the vectorial capacity of wild 

Phlebotomus species, determined the route of infection and 

~he infection rates of ~- pedifer jn caves on Mount Elgen. 

Using various types of animal baits at burrow sites, Mutinga 

et al. (1986bi reported that the differences in host 
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preferences by Phlebotornus and Serqentomyia species were 

significant . In the Marigat area , Mutinga ~nd Ka mau (1986}, 

Mutinga et al . , (1986a ) , discovered the resting p laces of 

Phlebotomus duboscgi Neveu-Lemaire and Sergentornyia ingrami 

Newstead (both vectors of Leishmania major Yakimov and 

Schokhov} and f. martini (vector of 1.donovani) by 

incubating and observing the daily adult sandfly emergence 

from soil samples collected from natural resting sites of 

sandflies. 

Detailed factor s controlling t he distribution of 

sandflies are virtually unknown (Ashfo rd, 1974; Minter, 

1964a,b ,c). However, apart from the epidemiological aspects 

of leishmaniasis and the ecology of phlebotomine sandflies , 

no studies have been undert aken on the microclimate of 

an imal burrows and termite hills, main sandfly breeding and 

resting sites , on the soil characteristics (chemi c al and 

physical ) prevai ling inside both sandfly breeding and 

rest i ng sites, on the vertical distribution of sandflies in 

a semi-arid area among many other aspects. 

For this reason, the present study was undertaken 

wi th the f o llowing objectives i n view: 

1. To determine the species composition, the 

relative seasonal abundance and the 

fluctuations of sandflies in the Marigat area. 
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2 . To study the relationship between general 

c limatic factors and the sandf ly population 

d ynamics. 

3. To study the microclimate in animal burrows and 

termite hills in relation to sand fly population 

dynamics. 

4. To determine the chemical and the physical 

characteristics of the soil in sandfly breeding 

and resting s i tes. 

5. To study the relationship between sandfly 

species distribution and the vegetation cover . 

6. To study the vertical distribution of the local 

phlebotomine sandfly species. 



CHAPTER ONE 

LITERATURE REVIEW 

1.1 Infections caused by sandf lies 

1.1.1 Leishmaniases 

For nearly forty years, the transmission of 

· Leishmania remained one of the fascinating unsolved problems 

of the tropical medicine. The fact that the parasites 

assumed the flagellate form in the bed bug and in the dog 

flea suggested that t hes e insects might be natural 

transmitters of the infection; but extensive epidemiological 

and experimental studies did not confirm this view. Sinton 

11925 ), s tudied the distribution of Indian sandflies and 

found that the distribution of k~la-azar in India 

corresponded with that of Phlebotomus argentipes Annandale 

and Brunetti. Later on, it was shown that the distr ibution 

and incidence of leishmaniasis in various endemic areas was 

closely related to the distribution of specific sandf lies as 

that of malaria to anopheline mosquitoes {Kirk and Lewis, 

1955). 

Sandflies of the Phlebotomus Rondani and Berte, 

the Sergent~myia Franca and Parrot ( ~. garnhami and ~· 
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ingrami ) a d of Lutzomvia Franca groups a r e respons ible for 

transmitting the protozoan parasites (Leishmania) to man 

a nd/or to animals (rodents and d ogs) in the Old and New 

Worlds. There are six species of Leishmania infecting man 

in the Old and New Worlds (Molyneux and Ashford, 1983 ), 

Leishmania aethiopica Bray, Ashford and Bray, 1· donovani 

Laveran and Mensil, 1· major Yakimov and Schokhov, 1· 

tropica Wright , 1· braziliensis Vianna and 1· mexicana 

Biagi. In natural hosts , there is usually a well balanced 

host-parasite relationship and parasites are scattered in 

small numbers, in macrophages of the skin, viscera , in 

blood , causing few or no pathological effec ts. However, i n 

man and other unusual hosts, there may be violent host-cell 

reaction to the parasite, causing lesions on the skin, or 

severe pathological changes in the internal organs . 

Human leishmaniasis occurs i n three main clinical 

forms (Abonnenc, 1972; Kirk and Lewis, 1955 ; Lainson and 

Shaw, 1978 ; Mutinga , 1985), viscer al l e ishmaniasis , 

cutaneous leishmaniasis and muco-cutaneous leishmaniasi s . 

Leishmania donovani responsible for visceral leishmaniasis 

is transmitted by sandflies belonging to the Phlebotomus 

group. According to Lewis and Ward (1987 ) , these sandflies 

are: Phlebotomus papatasi (Scopol i ) for the Middle East; f. 

chinensis Newstead , f. caucasicus Marzinowsky and f . 

alexandri Sinton for China; f. per ni cosus Newstead and f . 

ariasi Tonnoi r for France; f. lonqicuspis Nitzules cu and f. 
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maier Annandale for Algeria; f. orientalis Parrot for Sudan 

and Ethiopia; ~- tobbi Adler and Theodor and ~- simici 

Nitzulescu f o r the Mediterranean region and Central Asia. 

In the USSR, f. brevis Theodor and Mesghali and f. 

lonqiductus Parrot transmit the leishmaniasis parasites . In 

India , f. argentipes Annandale and Brunetti is the main 

vector of ~· donovani . In the New Wo r l d (South America), 

the leishmanial parasite, 1· g. chagasi agent of the 

visceral leishmaniasis is transmitted by Lutzomyia 

lonqipalpis {Lutz and Nieva). 

In East Africa, visceral leishmaniasis is 

transmitted to man by Phlebotomus martini Parrot a species 

of the Synphlebotomus group which also may infect animals as 

secondary hosts (e.g . wild canidae and dogs). f. celiae 

Minter and ~· vanscrnerenae Heisch, Guggisberg and Teesdale 

are closely related to ~· martini and are suspected to be 

vectors (Minter, 1981; Lewis and Ward, 1987). Sergentomyia 

garnhami Reisch, Guggisberg and Teesdale has been reported 

as a possible vector of kala-azar in some parts of Kenya 

{Mutinga and Odhiambo, 1982; Mutinga and Kyai, 1985). 

Cutaneous leishrnaniasis is caused by members of the 

Leishrnania tropica group. This parasite is transmitted by 

sandfly species of the Phlebotomus group. Its wild hosts 

are rodents. This group of parasites comprises 1· tropica 

major wh i ch i nfeccs man and rcdents and k· tropica tropica 
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which affects man and dogs. Leishmania major Yakimov and 

Schokhov occurs in areas with semi-arid to arid climate with 

a hot dry season lasting 6 or more months with high air 

temperature, while Leishmania tropica Wright is the agent of 

the cutaneous dry lesion known as the urban cutaneous 

leishmaniasis (Ashford and Bettini, 1987). In Ethiopia and 

Kenya (Mount Elgen), Leishrnania aethiopica Bray, Ashford and 

Bray , the agent for human high land cutaneous leishmaniasis, 

is transmitted by f. longipes Parrot and Martin and f. 

pedifer Lewis, Mutinga and Ashford, closely associated to 

the hyrax, which is the animal reservoir ( Ashford , 1974; 

Mutinga , 1971 ; W.H.O., 1984). Lewis and Ward (1987}, 

incriminated the following sandflies as vectors and/or 

suspected vectors of Leishmania tropica in the Ol d World : 

Phlebotomus bergeroti Parrot (in the Sahara and Saudi 

Arabia) , f. duboscgi Neveu-Lemaire (in Nigeria and Senegal), 

and f. saheli Meshgali and f. sergenti Parrot and Martin (in 

India and Iran). In Kenya, Mutinga (1975, 1986b) observed 

that ~. major and ~. aethiopica, agents of the cutaneous 

leishmaniasis are t r ansmitted by ~· duboscgi and f. pedifer 

respectively. In the New World, a diversity of leishrnanial 

parasites have been identified as causing cutaneous 

leishmaniasis. These parasites fall into two natural groups 

upon their biological characteristics and are: the 

Leishmania mexicana Biagi, and ~· braziliensis Vianna 

complexes. Walton (1987 ) reported that in the New World, 

the pattern cf development of the cutan~ous leishmanial 
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lesi0n ref~rs to the form of the causative parasite. Thus. 

1· mexicana mexicana Biagi is r esponsible of Chiclero's 

ulcer (ear mutilation), 1· braziliensis panarnensis Lainson 

and Shaw is responsible of Panamanian leishmaniasis, while 

1 · ~- quyanensis Floch is the agent of "Pian-bois" (Forest 

Yaws). 1· peruviana Velez is the agent of Uta in 

mountainous areas of Peru (W . H.O., 1984). These paras ites 

are transmitted by a large number of sandflies belonging to 

the genus Lutzomvia. 

The muco-cu~aneous leishmaniasis is undoubtedly 

caused by parasites native to the New World. Leishmania 

braziliensis the causative agent of this disea se is 

transmitte d by a sandf ly belonging to Lutzomyia group, of 

New World sandflies. Herrer and Chr i stensen (1975), 

reported the Spanish Colonial chronicles (o f 16 and 17th 

centuries ) as describing this disease as espundia and its 

cause was said to be the bite of the sandfly. 

1.1.2 Other infections caused by sandf lies 

At the beginning of the twentieth century, interest 

in sandflies attracted the attention o f both entomologists 

and physicians. Apart from the visceral and cutaneous 

le~shmaniasis, sandflies also are suspected for transm~tting 

the summer fever in Central Europe, the Mediterranean 

countries, South USSR, India and South China (Abonne~c , 
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!972). Later, it was proved that some sand~ly species 

transmi~ Bartonella bacilliformis Barton, the causal agent 

of bartonellosi s or Carrion's disease or Oroya fever in 

Peruvian Andes Vallies (Abonnenc, 1972; Herrer and 

Christensen, 1975; Perfil'ev, 1966), the dengue fever and 

Borrelia. In China Wuchereria bancrofti Cobbold , can also be 

transmitted by sandflies. 

In the New World, phlebotomine sandflies have been 

found a so t o be potential vectors ~f numerous arboviruses . 

These, presumably animal viruses belong to three serological 

groups: Changuincla, the vesicular stomati~is and the 

phlebotornus fever (Chaniotis et al.,1971 a , Chaniotis, 1978). 

I n Uganda, a suspension of 133 sandflies of various species , 

innoculated into monkeys resu lted in animals developing the 

yello fever after 34 days. Smithburn et al. (1949) isolated 

the virus of yellow fever from Phlebotomus in Uganda . 

Sandfly bites are painful. It's saliva contains a toxin 

which may cause severe indisposition and which irritates the 

skin. In Palestine, this skin irritation or reaction is 

known as "Harara" (Abonnenc, 1972). Patients of 

leishmaniasis are s leepless, lose their appetite , feel 

exhausted and have he adaches ; their body tempera ~ures ri se 

periodically. 

Apart from their medical importance , sandflies are 

also of veterinary importance as they are responsible for 
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tr~nsnitting t he canine l e i shnaniasis . However , Chan~ o tis 

(1978) s t ated t hat l ess is known on the r~le played by 

phlebotomine sandf lies as vectors o f trypanosomes of 

reptiles and amphibi ans (Trypanosoma) , haemogregarines of 

lizards and snakes (Hepa t ozon sp ) and acephaline gregarines 

(Lankesteria sp) . 

However , not all sandflies are vectors of the 

diseases; their role in the disease t ransmission is 

determined by their feeding habits, flight behaviour , 

survival rates among many others. Thus , some sandflies do 

not feed on man , but ~eed on animals and birds. Others feed 

on reptiles. Another fa c t is that a l l man-biters or feeders 

are not vectors of various sandfly-borne diseases, and the 

sandf ly succeptibility to transmit the parasite is 

individual and not depending on the group. This 

susceptibility can differ from spec i es to another within t he 

same group. 

1.2 Distribution of phlebotominae sandflies 

Of approximately 600 speci es of phlebotomine 

sandflies described (Chaniotis, 1978; Service, 1986; W.H.O. , 

1984) the great majority are tropical and subtropical 

(Perfil ' ev, 1966 \ . These flies become progressively less 

abundant as climates become t emperate (Abonnenc , 1972; 

Chaniotis , 1978 ; Lainson and Shaw , 1978; ?erfil'ev 1966). 
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Perfil ' ev (1966) , stated that l arge number of sandflies are 

present in Tropics and Muirhead-Thomson (1982 ) added that 

even some countries of Temperate zones and particularly the 

Mediterranean regions and the USSR also harbour a quite good 

number of phlebotomine sandflies. 

Phlebotomine sandflies are grouped into five genera 

and include all the habitual mammal-biters and the vectors 

of human leishmaniasis (Lewis, 1982). In the Old World 

(Central Asia, India , Africa and some European countries) , 

two genera of phlebotomine sandflies are present: the 

Phlebotomus Rondani and Berte group containning a number of 

sandfly species responsible for transmitting the visceral 

and cutaneous leishmaniasis to man and to rodents; and the 

Sergentomyia Franca and Parrot group consisting of a large 

variety of sandfly species , having a minor role i n the 

transmission of leishmaniasis . In the New World (Central 

and South America), three groups of phlebotomine sandflies 

occur, namely: Warileya Hertig, Brumptomyia Franca and 

Parrot and Lutzomyia Franca. Species of Lutzomyia group 

seem to be more important as they are i nvolved in the 

t ransmission of Leishmania braziliensis, the disease which 

is responsible for the transmission of the mutilating form 

of leishmaniasis. 
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1.2. 1 Cld world 

In the Old World, twenty nine species and 

subspecies of sandf lies are known or suspected to be vectors 

of leishmaniasis of man (Killick-Kendrick, 1978). Among 

them, Phlebotomus martini and f. argentipes transmit 

Leishmania donovani, while Phlebotomus sergenti, f. 

papatasi, ~· duboscgi , ~· pedifer and ~. longipes are 

vectors of Leishmania tropica, k· major and k· aethiopica . 

Reisch (1955), Mutinga and Odhiambo (1982 ) and Mutinga and 

Kyai (1985), reported Sergentomyia garnhami as vector of 

human visceral leishmaniasis in Kenya . This species 

transmits Leishmania donovani. In Africa, the phlebotomine 

sandf lies of the Afro-Tropical region have been extensively 

studied and constitute the bulk of the literature on african 

sandflies. 

1.2.1.1 Distribution of sandflies in Kenya 

Since the publica tion of the first papers on 

phlebot ornine sandflies in Kenya by Sinton {in the early 

twentieth century ) , knowledge on sandflies has been 

accumulating steadily. Most of these papers dealt with 

epidemiology and taxonomy, and only a few papers were on the 

biology and ecology of the local sandflies. 

Manteufel (1912) was the first investigator to 
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notice sandflies in Kenya with emphasis on the presence of 

Phlebotomus species in the port o f ~ombasa. A large numbers 

of sandfly specimens collected in Mombasa were identified by 

Sinton in 1930 and 1932 ( in India) as f. symesi( f. 

s chwetzi), f. africanus, f . yusafi , f. suberectus (as f . 

meilloni var. suberectus). Sinton (1932) identified a 

number of sandflies collected at Taveta as f. nairobiensis, 

actually known as ~· bedfordi var . congolensis. From 

sandfly collections made near Nairobi and at Jinja , Theodor 

(1931 ) identified the· presence of f. nai robien s i s . 

The two decades after these first attempt s , re c~rded few 

studies on Kenyan sandflies. Kirk and Lewis( 1951) , 

published a monograph on the taxonomy of the Ethiopian 

Phlebotomines. This valuable work included keys to the 

known Ethiopian sandf l y species as well as a simple 

classification. In 1953 , the Division of Insect-Borne 

Diseases initiated invest igat i ons on sandflies in Kitui 

district. Heisch ( 1954 and 1955 ) and Heisch et al. {1 956), 

revealed the e x is t ence of a complex fauna of Phlebotomine 

sandflies in Kitui and Baringo districts . Heisch (1954) 

found tha t f. kirki Parrot , f. rosannae Reisch, Guggisberg 

and Teesdale and f . qarnhami Heisch, Guggisberg and Teesdale 

were man- biting. ~. clydei Sinton was s ometimes naturally 

infected with leptornonads and crithidiae in the Kitui. In 

1955 and 1956, Mcki nnon and Fendall reported the existence 

of a focus of kala-azar i n the Baringo district of the Rift 

Valley Province. 
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Th e d i s t ribu t ion o f sandfl i es i n Kenya h as been 

documented (Kirk and Lewis , 195 2; Heish and Gugg i s berg , 

1953 ; Heisch, 1954; Minter, 1963). Later , the species 

distribution was compiled by Minter (1964a ), ra i sing the 

number to 36 . Of these, two were c o llected from areas on 

t h e Wester n Ke nya borders . The Phlebotomine sandflies are: 

Phlebotomus s ergenti Parrot and Martin (Southern 

Kenya) 

f.martini Parrot (Lowland areas } 

f . vansomerenae Heisch , Guggisberg and Teesdale 

{Sou th-east Kenya ) 

f . celiae Minte r {South-east Kenya } 

f . orient alis Parrot {South Kenya ) 

f . heischi Kirk and Lewis {Kitui Di s t r ict of Kenya ) 

f . rodhaini Parrot ( wi de l y distributed in Kenya) 

f. guggisbergi Kirk and Lewis { found on the slopes 

of mount Kenya , in caves , tree holes , bark of trees 

and in dense e vergreen woodland.Also, this species 

is present in lowlands). 

f.l ongipes Parro t and Mar tin { Western s hore of 

Lake Naiva sha) 

Sergentomyia cl ydei Sinton and ~.adleri Theodor 

{common and wides pread african sandflies. They are 

found in Kenya lowlands). 

~ . 3ffinis Theodor {not common species in Kenya } . 

~.meilloni Sintoni , (only f ound in Coa s t a l areas of 
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Kenyai 

~.suberectus Sinton, (was collected in Coastal and 

inland areas ) . 

~.graingeri Heisch, Guggisberg and Teesdale 

(widespread distribution in inland areas of Kenya, 

below 4,000 feet). 

~.antennatus Newstead (widely spread in Kenya). 

~.bedfordi Newstead {associated with tree holes, 

widely spread) . 

~.gracilis Kirk and Lewis, (found on Coastal areas 

of Kenya). 

~.simillimus Newstead (found in Western foothills 

of Mount Elgon(Uganda side), its is restricted to 

forested areas of high rainfall). 

~ . yusafi Sinton (uncommo~ species, found in the 

Coastal areas of Kenya) 

~ . blossi Kirk and Lewis, found in Kwale (Southern 

Kenya Coastal). 

~.schwetzi Adler,Theodor and Parrot (common in 

Africa and is widely distributed in lowland areas 

of Kenya). 

~.africanus Newstead (common in Africa , is widely 

distributed in lowland of Kenya). 

~.sguamipleuris Newstead (c ommon African species, 

widespread in lowland areas of Kenya). 

~ . multidens Heisch ,Guggisberg and Teedale (common 

during the rainy seasons in the Kitui djstrict, 
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occasionally ~his species is collected in other 

parts of Kenya) . 

~.garnhami Heisch, Guggisberg and Teesdale (found 

in South-Eastern Kenya and in Rift Valley. It has a 

very strictly seasonal incidence). 

~.ingrami Newstead (widely distributed in lowlands 

of Kenya, but this species is seldom found in large 

numbers). 

~.kirki Parrot {collected in South-eastern of Kenya 

during the rainy season ) .. 

~.serratus Parrot and Malbrand (has been rarely 

recorded in Kenya) . 

~.teesdalei Minter (collected in the Kitui district 

of South- eastern Kenya. Also this species is 

rare). 

~.dureni Parrot (uncommon species in Kenya, found 

in Kitui and Kisumu ) 

~.rosannae Heisch, Guggisberg and Teesdale {only 

collected in Kitui district. This species is a 

rainy-season species) . 

~.harveyi Heisch , Guggisberg and Teesdale (was 

collected in Kitui and has been found to be a rainy 

season species). 

~.kitonyii Minter {had been collected near Kitui 

towns~ip. Collections were made from te rmi te 

hills). 

~.edwini Minter (collections of this species were 
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made in Bu fumbo area (Uganda ), net far from the 

Kenya border. Thi s species has not yet been 

recorded from Kenya). 

~ . decipiens Theodor (was collected near Kakamega, 

t he only place in Kenya where this species has been 

recorded) . 

However, species such as f.elgonensis Ngoka, Madel 

and Mutinga, f.pedifer Lewis, Mutinga and Ashford , 

~.duboscgi, ~.waynnae Watson were added to this 

long list later on (Mutinga et al . ,1986c ) followed 

by ~· christophers i Sinton. 

1.2.2 New World 

The New World has t hree groups of phlebotomine 

sandflies namely, Warileya, Brumptomyia and Lutzomyia. All 

New World sandflies vectors of leishmaniasis b e long to the 

Lutzomvia group. 

Rutledge and Ellenwood {1975b), working on 

panaman i a n sandflies , recovered leishmanial organisms from 

wild c aught sandflies . Killick-Kendrick (1978) reported 

twenty seven species and subspecies of sandflies so far 

known or suspected vectors of leishmaniasis of man in the 
. 

NP.w World. The major ve c tors were then , Lutzomyia trapidoi 

(Fairchild and Hertig), Lu. panarnensis (Shannon)·, Lu . gomezi 

(Nit zu lescu) , Lu. pessoana Countinho and Barretto, Lu. 
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flaviscutellata (Mangabeira), Lu. wel:come~ Fraiha , Shaw and 

Lainson, Lu. umbratilis Ward and Fraiha and ~u. trapidoi 

(Fairchild and Hertig} amongst other species of sandflies 

found to be vectors of Leishmania rnexicana and ~· 

braziliensis respectively and hence responsible of the 

cutaneous leishmaniasis in man. Lu. cruciata (Coquillett) 

and Lu. olmeca Fairchild and Theodor were found to have 

minor incidence on the transmission of the parasite. 

1.3 Habitats of sandfl i es 

Wherever sandflies occur, some research results 

have been reported on their habitats. In India, Howlett 

(1913) observed sandfly species breeding in cracks of walls 

in which lizards reside and in nests o f termite hills . 

~hese sites provide suitable food for larvae o f sandflies as 

well as favourable moisture and temperature for the adults. 

In the USSR, Petrishcheva and Izyurnskaya (1941) and 

Perfil'ev (1966) among others, studied extensively the 

sandfly breeding sites. They noted that burrows are the 

preferred biotope of sandflies in nature. They found that 

sandflies occur in burrows of ground squirrels, gerbils, 

jerboas, mouse-like rodents, porcupines, badgers, jackals, 

hedgehogs and tortoises, bee-eaters, rollers, pigeons ~nd 

other vertebrates and birds. In the USSR, sandfl ies were 

also found in abandoned buildings and caves frequented by 
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bats , lizards and snakes. 

In British Honduras , few sandflies have been 

recorded from animal burrows, but this is mainly because 

burrows are difficult to locate (Disney, 1966). In this 

part of the New World, sandflies have been found 

concentrated in natural cavities (caves, rock crevices), in 

tree holes, on trunks of large t rees and under leaves 

scattered over the forest floor (Hanson, 1961 ) . 

In Kenya, extensive studies on sandfly habitats 

were conducted by Heisch et al. (1956); Minter (1964a,b,c); 

Mutinga and Kamau (1986) and Mutinga et al.(1986a) and 

sandfly species were collected from different habitats which 

ranged from natural to a r tif icial sites . 

Natural sites: these include occupied or abandoned animal 

burrows, t ermite hills, tree holes and hallows , soil 

crevices, river banks and piles of stones. 

Artificial habitats: identified as man-made habitats 

(Minter, 1964b) , they comprise human habitations, animal 

enc l osures or shelters, empty beehives made from hollowed 

logs, pit l atrines, beer shops, tents , grain-stores, chicken 

coops and wells. Some habitats harbour a wide range of 

sandfly species, others have a more restricted or 
. 

specialized sandfly fauna. Termi te hills were classified 

into four ecological types of mounds (Minter, 1964b,c; 

Wijers and Minter, 1962): the castellated, the eroded, the 
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closed and ~he pinnacled types . The castella~ed type 

consists of mounds of hardened earth, of~en 4 ~o 6 feet 

high, having multiple low-level ventilation shafts; these 

sites are favorable for rest ing sandflies. The shafts are 

generally up to five i~ches in diameter and lead into the 

depths of the termitary. The eroded mounds, derived from 

the castellated type by normal processes of weathering when 

building activities of the termite colony have declined or 

ceased. Both, the castellated and the eroded hills harbour 

the similar sandfly population , excepting only the 

Synphlebotomus species are added to sandf ly population found 

in the eroded type. The closed termite hill, was unsuitable 

as a habitat for sandf lies; although a few flies were 

collected on the wall of the mound . This type is a 

structure abandoned by the termites at an early stage in the" 

formation of the mound. The pinnacled termite hill, mainly 

found in Western Kenya and in Marigat area, consisted of 

mound from which a single ventillation shafts rose like a 

pinnacle to heights up to 3.6 metres. In the Marigat area, 

all four types of termite hills are the work of Macrotermes 

bellicosus Smeathman. Minter (1964c) reported that in 

Kenya, breeding places of sandflies are still unknown, 

although the termite hills in which adult flies are found 

resting seem to offer suitable conditions for breeding. 

Animal burrows have been used as breeding sitAs for several 

species of sandflies (Abonnenc, 1972; Chan iotis and 

Anderson, 1968; Lewis and Kirk, 1951). Hanson (1961 ) , 
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working on Panamanian sandflies, lis ted the potential 

breeding places of phlebotomine sandflies. These were found 

in tree buttresses, on ~ne forest floor, i n burrows, tree 

hollows and holes, under overhanging roots, at the base of 

trees, under bark and logs, under rocks, on chicken-coop 

floors and cracks in the soil. 

Petrishcheva and Izyumskaya (1941) in Russia 

recovered sandfly larvae from floors of inhabited houses and 

animal quarters, burrows of rodents, at the base of clay o r 

s tone walls and in sheep-pens. 

In the Old World , extensive investigations were carried 

out to locate the breeding sites of sandfly vector species 

(W . H.O., 1979). These studies have shown that sandfly breeding 

places are so widely distributed that adequate coverage is 

difficult. 



CHAPTER TWO 

GENERAL MATERIALS AND METHODS 

2.1 Study area 

2.1.1 Loc ation, topography and vegetation 

Studies on ecology of sandflies were carried out in 

the Perkerra Irrigation Scheme, a few kilometres east of 

Marigat, a trading and administrative centre {Figure 1). 

The area lies approximately between the Latitude Oo 28' 

North and Longitude 350 58' East (Minte r , 1963) and is 

situated in Baringo district (Kenya). This area is located 

at an a ltitude of about 1067 metres above sea level on the 

floor of the Kenya Rift Valley (Minter , 1963; Zaha~, 1981). 

Marigat area is situated between Lake Baringo to the North, 

and Lake Bogoria to the south . The Tugen hills form a large 

barrier in the West and Laikipia escarpment, large mountains 

which rise to over seven thousand feet in the East. 

A semi-arid area , Marigat experiences high 

temperatures throughout the year, during both dry and rainy 

seasons. Its daily fluctuation of temperatures is high and 

the effects of alternate expansion and contraction are 

important in the breaking up of the soil and rocks. 
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The alternation of long dry season and the intense 

heat even during the rainy season; is the dominant factor 

causing the soil erosion in the area. In his study on the 

geology of Kenya, Cole (1950), stated that " The Rift Valley 

is essentially a region of internal drainage; with rivers 

flowing into shallow lakes along its floor". Wind 

constitutes an important eroding and transporting agent in 

the Marigat area, it takes away and scoops out the soft soil 

and rocks and polishes their surfaces. During the dry 

period as well as before any downpour, there is an 

accumulation of wind-borne dust mixed wi th sand, then at 

this time the land becomes brownish showing conditions of 

great aridity. 

The Perkerra Irrigation Scheme lies in a valley, 

with soils deposited by heavy drainage of the slopes 

surrounding it. Studies undertaken on the texture o f the 

soils s howed that, they are p r incipally light silt to clay 

loam, with considerable alkaline and neutral (soil) 

reac t ions approaching pH 7. These soils are poor in organic 

substances, but rich in calcium and available phospho rus. 

Marigat is a valuable agri c ulture area although the 

fluctuations and unreliable nature of its rainfall, 

constitute a major environmental constraint, which limits 

the growth of various plants in the area. The high lands 

(Laikip1a ~ountains , Tugen hil l s ) are charact~rized by 
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upland evergreen forests and at tneir lower limits , there is 

an evergreen and semi-deciduous bushland and perennial 

grassland. In the lowlands, bushland is the major 

vegetation type, dominated by Acacia thorn trees, which have 

a height comprising between 8 and 13 metres. A number of 

plants grow under these trees. Along the larger drainage 

channels and on the old bed of the Perkerra river, Acacia 

seyal Del. dominates. On the rocky hills, Acacia thorn tree 

predominates and is associated with s ome members of 

graminae. 

The vegetation of this area can be designated as 

tropical dry forest where Acacia thorn tree constitutes more 

than 90% of the total of tree species. An excessive cut 

down of trees f or firewood, house c onstruction and charcoal 

has led to excessive erosion and destruction of soil by both 

the wind and the rains. 

2.1.2 Climate 

Marigat area experiences two main seasons . a six

months rainy season (March to August) a n d the dry period, 

nor~ally September to February . Occasionally, scattered 

showers occur in November . Average rainfall data from 

1981-1986 showed a total of 653 mm per annum with a maximum 

in June (147.08 mm) and a minimum in January (0.56 mm). An 

average of 54.4 0 mm of rainfall was recorded per month 
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'. Appendix la,. Ashford ~nd Bettini (1987 ) stated that in 

Kenya about 600 mm annual rainfall occur almost entirely in 

a rainy season which lasts about 6 months. Perkerra river 

is the only permanent river in the area. Due to water run

of f from surrounding hills, its flow increases during the 

rainy season and goes down during the dry period . The river 

supplies water to both Marigat t ownshi p and the Perkerra 

Irrigation Scheme. Confined in the Rift Valley System, and 

by its position near the Equator line , Marigat area has its 

maximum temperature (ai r ) of 34.71 oC in January , 

corresponding to the driest month of the year. Also , high 

temperatures were recorded during the wet season (29.58 oC). 

A six-year average gave a value of 32.16 oC per month 

(Appendix la). 

The outstanding feature of the mean monthly 

relative humidity (Appendix la) was the relative instability 

of the a ir moisture content during both periods of 

investigations. High relative humidity values were recorded 

during the wet period, while low values were monitored 

during the dry season. The highest relative hum i dity value 

was observed in July ( 69 . 1 8%) while the lowest was 

calculated in January (47.30%) corresponding to the we~test 

and the driest months of the year respectively . 
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2 .2 Sampling methcds 

One of the principal objectives of this 

investigation was to determine the relative seasonal 

abundauce of sandf lies in relation to some environmental 

conditions in a particular area by comparing successive 

samples of sandflies taken in a standard way. To simplify 

the sampling procedure, and the identification of sandflies 

into species, only adult phlebotomines of both sexes were 

included in the examination and the analysis o f seasonal 

var iations. Attempts to collect immature stages did not 

produce sandflies despite the enormous effort. W.H.O. 

(1984) noted that immature stages of sandflies are d ifficult 

to study in the wild. 

Wherever the sandflies occur, a large number of 

collecting methods have been used: fan-suction trap with or 

without light, mouth- aspirator , plastic or glass tubes and 

sticky traps amongst many others have been tried . The first 

device has given little success as many studies have proved 

that sandflies respond in different ways to light traps 

(Lainson and Shaw, 1372; Perfil'ev, 1966). Service {1976), 

while sampling resting mosquitoes found that traps employing 

attractants such as carbon dioxide, light or some other 

visual stimuli, attracted host-seeking mosquitoes. Moreover 

these traps are usually species selective. However, the 

fan-suction ~rap , the mouth-aspi~ator trap and the sti~~Y or 
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adhesi v e papers , using non attrac ~ants give less b iased da ta 

and should sample all species more or less equally (Service , 

1976). Thatcher (1968a ) baitPd the castor oil traps with 

animals to collect phlebotomine sandflies in Panama. 

Chaniotis (1978) used various methods t o catch both flying 

and biting panamanian sandflies . These methods were: light 

traps, oil trap or sticky traps, animal-baited traps , 

burrow-traps , smoke and suction tubes . 

2.2 . 1 Sampling devices 

Three devices were used dur ing the present 

investigations on s andflies in the Marigat area, these were: 

mouth-aspirator trap or sucking tube, the mechanical 

aspirator or fan-suction trap and the sti cky trap. For the 

long-term collections, only the standardized sticky trap, 

was used for sampling the sandf l ies (Dergac heva et.al. , 

1979; Disney, 1966 ; Mutinga, ·1 981). Other techniques, such 

as , mouth-aspirator and fan-sucti on traps served 

occasionally to collect live sandflies from where blood 

meals were taken for further analys i s of host preferences. 

The selection of sampling devices largely depends 

on the habits of t h e flies , the type of biotopes and the 

availability of man-power and ressources (W.H . O. , 1979) . 
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2.2.1.1 Sticky traps 

In order to sample the maximum number of sandf ly 

species, standardized sheets of polythene material covered 

with castor oil were used in natural and artificial habitats 

qf sandflies in the Marigat area. 

- In nature, a 20 by 30 cm sticky trap was placed at the 

entrance of animal burrow, at the opening of tree 

hole/hollow or inserted into the ventilation shafts of 

termite hills. 

- In human settlement s comprising human habitation and 

animal enclosures, a 1 by 1 m sticky polythene sheet , was 

used for sandfly collections. 

Sticky traps were set up in breeding and resting 

places during evening hours , and left overnight. Caught 

sandf lies were removed from traps in the early hours next 

morning. Flies were taken off the sticky trap with a spine, 

obtained from the thorn tree {Acacia) and preserved in 70% 

alcohol after they were washed in a dishwashing detergent 

instead of 95-96% alcohol, as used by earlier workers. The 

high concentration of alcohol dries up the sandfly 

specimens, making difficult their dissections). The 

detergent removed the castor oil solution in which flies 

were caught. Each sandfly was taken indi~ idually. 

According to De::-gacheva et al . , (1979 ), data from 



sticky traps showed less variability than those from other 

capt ure methods, and were consequently more acceptable for 

statistical analyses. Also the sticky trap i~ believed to 

be the most effective and non-selective method of sampling 

sandflies. It is the most valid and unbiased sampling 

method of sandfly species, (Dergacheva et al., 1979) and was 

therefore, used during all the present investigations. 

2.2.1.2 Mouth-aspirator trap 

Sucking tubes, or the mouth-aspirator trap was used 

to collect resting sandflies from various surfaces. 

Sandflies resting on tree backs. and/or buttresses, in tree 

holes/hollows, on rock crevices, on house walls and in holes 

made by birds on termite hills were usually collected by 

using this device. Service (1976 ) referred to hand-catchers 

the collections of flies using the mouth-aspirator traps. 

A 140 x 5 mm plastic or glass tube was used in 

these sandfly collections . The inner end of the tube was 

closed with a piece of mosquito netting . This end also had 

a cork through which passed a long rubber or pliable plastic 

tube, which formed the mouth of the trap. The inner opening 

of the glass or plas tic tube was also closed with a cork 

into which was inserted a 20 cm l e ngth of glass tube o f 

small size (5 mm). This (glass or plastic tube of small 

size) formed the part frcm where flies entered the trap 
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Figure 2a. Mouth-asp1rAtor or suction tubP. for the C'ol.lertlons of s a nd!' I ies. 
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!Figure 2a ). The piece of mosquito uetting covering the 

cork, prevented the entry of the dust particles in the 

sucking tube and their inhalation by the collector. The 

small sized glass tube was closed with cotton wool to 

prevent the escape of flies. T kill the caught sandflies 

inside the aspirator, cotton wool moistened with ether or 

chloroform was inserted into the small sized glass tube. 

2.2.1.3 The mechanical aspirator 

The mechanical aspirator is a battery operated 

device using fan-suction to collect sandflies. It catches 

very large numbers of insects. This trap consisted of two 

main parts: the fan-suction, which is a rotor soldered 

inside a can (15 cm long and 10 cm diameter), open at both 

sides. The fan sucked up all flies passing beneath the tin, 

into the collecting chamber. The collecting chamber 

normally was made of a mosquito netting and placed on the 

top of the can . In order to prevent adult sandflies from 

escaping from the collecting chamber or the container, the 

fan-suction trap was operated t hroughout the night. It was 

disconnected from the main supplier source four dry-cell 

batteries of 1.5 volts each) the f ol lowing morning. 
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2 .3 Sandfly collection sites 

Twenty three sites were randomnly selected for the 

sandfly standardized long-term collection series in the 

area. These were five animal burrows, five termite hills, 

five tree holes/hollows , three animal enclosures , three 

human habitations and an open field. To provide sufficient 

data for meaningful analyses of sandfly population dynamics, 

weekly sandfly collections (four per month) were undertaken 

for a period of twelve months. 

2.3.1 Animal burrow 

Located along the old river bank of the Perkerra 

river , the burrows (Figure 2b) were occupied by rodents , 

birds, bats , squirrels, monitor lizards and porcupines. The 

"No.4'' burrow was however situated in a land depression in 

an open field. 

Sticky traps, 20 X 30 cm (Dergacheva et al ., 1979) 

were placed at the entrances of burrows overnight, once 

every week f or a period of twelve mon t hs. It was t h us 

possible to collect a large number of sandflies of both 

sexes , making the assessment of seasonal variations and 

species composition possible throughout the year. The 

suction-traps were occasionally placed in burrows (Figure 

3a) i n order t collect live san~flies . The mouth-aspirator 
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Figure 2b. Animal burrow used by sandflies as breeding 
and resting site. 
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Figure 3a. Fan-suction trap collecting sandflies 
from animal burrow. 
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was not ~sed for col!ecting sandflies fr~m burrows . 

2.3.2 Ter::nite hills 

Built by the Macroter::nes bellicosus which is the 

predominant termite in the area, all investigated mounds 

were classified according to Minter (1964b ,c) . Thus, eroded 

(Figure 3b), closed, pinnacled and castellated hills were 

searched for sandflies. 

For the sandfly collections , the 20 X 30 

centimetres sticky traps were placed on the ventilation 

shafts of each of tbe five termite hills. Collections were dcr.~ 

weekly at 1800 - 0700 hours (the following morning } . 

1. The castellated termite hill is a type of mound with 

multiple low-level ventilation shafts . Termite hills No.1 

and No.5 belonged to this category. The clear polythene 

sheet covered with castor oil was placed on the ventilation 

shaft and then covered the termite hill opening. 

2. The eroded termite hill. derived from the cas t ellated 

type. ~his hill may or may not have a termite colony. The 

mound then becomes eroded due to the weathering conditions 

and animal activity (e . g. cows). Goats and sheep destroy 

large numbers of mounds. A sticky trap was placed on the 

top of each eroded hill and caught sandflies were removed 

the next day. Termite hill number 2 fell in this group. 
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Figure 3b. Eroded termite hill used by sandflies as 
breeding and resting site. The sticky trap 
collects sandf lies coming in or going out 
the mound. 
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3. The closed termi~e hil:. 

Althoug~ this type of mound did not have any ventilation 

shaft, sticky trap was placed on the wall of the termite 

hill. Small clear polythene sheets measuring 20x30 cm were 

pinned on the mound's wall and caught all flies which came 

in search for a resting place. The investigated termite 

h i ll number 4 was found to fall into this group . 

4. The pinnacled termite hill . 

Th i s type of termite hill consisted of a mound from which a 

single ventilation shaft arose like a pinnac:e. On this 

type, sticky traps were placed on the top of the termite 

hill and covered the hole. All sandflies which were resting 
. 

inside this termite hill and others which came in search for 

a hiding place were caught in this way. Termite hill number 

three belonged to this category. 

2 . 3. 3 Tree holes and hollows 

Sticky traps were used for the s andf ly collections 

in five randomnl y chosen tree holes and hollows . Searches 

o f h o les and ho:lows on trees were carried out in the 

Perkerr3 forest where large trees were found hav ing holes 

and hollows. Thus, Acacia thorn trees (Acacia seval Del.) 

as well as the Fig trees {Ficus capensis Thunb.) 

predominantly growing in the area, ~are searched for hollows 

and holes. Investigated holes and hollows were between 0 

and 5 me~res above the ground. It was observed tha~ tree 
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ho le s a~d hollows, ~hi=h =ons~i~u~e important sandfly 

braeding and resting sites , were made by woodcutters, who 

remove branches or cut roots from living trees. 

Sticky traps measuring 20x30 cm were inserted into 

holes and hollows of trees, weekly, for a period of twelve 

months. Traps were left overnight at every collecting site. 

Occasionally, the mouth-aspirator trap was used to collect 

sandflies resting in these habitats. 

2.3.4 Human habitation 

In order to study the sandfly attraction to humans, 

sandfly sticky traps were placed in homesteads, surrounding 

inhabited houses. Collections of sandflies from three 

randornnly selected houses in three different homesteads were 

made over a 12-month period, with lxl metre sticky traps. 

Two traps were placed in every homestead. 

The type o f houses in the area, made it impossible 

to ~se either the fan-suction trap or the mouth-aspirator 

trap . These houses are thatched and once a sandfly landed 

on its wall it could n e ver be detected. Collections of 

sandflies in this habitat helped to assess the sandfly 

species as att~acted to humans and the ir seasonal variations 

in homesteads. 
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Animal ~nclosu~es 

Sa~dfly species compositicn in animal 

enclosures and its variations over seasons were investigated 

for a period of one year (November 1985-0ctober 86), using 

sticky traps, lxl metre. The sticky traps were suspended on 

branches and placed alongside the surrounding thorny fences 

(Figure 4) . Three animal enclosures separated from each 

other by no t less than eight hundred metres were randomnly 

se lected in the area. Two traps were placed in every animal 

enclosure. 

2 . 3.6 Open field 

In order to avoid the interaction which may result 

b etween sandflies and the human and/or animals {cattle) , the 

investigated open field was located far from human 

habitations and animal enclosures. Sticky traps were 

fastened to two branches at 1.5 m above ground level and 

placed randomnly in the field. 

2.4 Identification of sandflies 

Once removed from traps and processed as said 

earlier (2 .2 . 1.1), sandflies were thereafter, mountad on 

slides for identification to species level. Gumchloral 

_olution was used f a ~ the ~ounting of sandflies . 
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Figure 4. Sticky t rap suspended alongside a thorny 
fence . 
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2. 4 .1 Mounting of sandf lies 

Washed sandf lies were placed separately on slides 

and these steps were followed : 

1. A drop of gumchloral (solution containing 50 ml 

of distilled water, 30 gm of gum arabic , 20 ml of glycerin 

and 50 gm of chloral hydrate) was placed in the middle of 

the slide and the sandfly specimen was left on it, 

2 . For the male and the female , the head was 

removed and turned upside down , the whole f ly was thereafter 

covered with a coverslip. 

2.4.2 Identification 

The identification of sandf lies into different 

species is know~ to have caused a lot of problems to earlier 

investigators involved in sandfly t axonomy (Abonnenc, 1972; 

Abonnenc and Minter, 1965; Kirk and Lewis, 1951). Service 

(1986) noted that the identification of adult phlebotomine 

sandflies to species is difficult and usually necessitates 

the examination of internal structures such as the 

arrangement of the teeth on the cibarial armature, the shape 

of the spermatheca in female, and in males the structure of 

the external genitalia. Mutinga (1972) reported that the 

difficulty in the iden t ification of phlebotomine sandflies 
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arises from the 3mal~ size of the insects and from the fact 

tnat specific characteristics (e.g . spermatheca , pharynx, 

... ) are fcund only in the in~ernal structures. Rog o (1985) 

stated that biochemical techniques are the most diagnostic 

and reliable tools to differentiate between closely related 

species of the same sandfly group. Lewis (1982), recognized 

the division of the phlebotomine sandflies into five genera: 

Phlebotomus and Sergentomyia (Old World) and Warileya , 

Brumptomyia and Lutzomyia {New World) . 

In this study , the classification of Lewis (1982) 

was used mostly. The classification of flies into different 

groups was based on the presence or absence of the erect 

hairs. For the male, the genitalia (pennis sheath), ~he 

size , number and arrangement of spines on the coxite and the 

head (cibariurn and shape/size of the teeth) were the most 

used features for their identification. For the female, the 

spermatheca , cibarium and pharynx were carefully examined 

and served as valuable characters to identify the female 

sandfly into species. Sandflies in this work are treated 

as a sub-family {Kirk and Lewis , 1951; Theodor, 194S } and 

placed in the 2 Old World genera (Abonnenc, 1972; Lewis, 

1982). 
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2.5 Da~a :nalyses 

In entomological field studies, sampling 

occasionally yields erratic values {Chaniotis, 1978}. 

Analysing the population structure, Chaniotis et al. (197lb) 

noted that it is common in insect sampling to have di s parate 

results in successive samples for reasons other than the 

sampling technique. I n order to minimize such 

abnormalities, it was necessary to transform the original 

data into logarithms. The data transformation was done in 

the following way (Parker, 1979; Snedecor and Cochran , 

1980): 

1. For low figures and zeroes, logarithm {n) transformation 

or logarithm (n+l) was employed respectively. Logarithms t o 

base 10 were used . 

2. For data recorded in percentages, these were transformed 

to arc s ine \JP 

The analysis of variance (ANOVA model-1) was used 

for studying the sandf ly prevalence in various investigated 

breeding and resting sites as well as their distribution i n 

main breeding sites (animal burrow and termite hill), and 

resting places {vegetation sites) in relation to the soil 

characteristics (soil chemical and physical prope rt ies) and 

the microclimates as prevailing inside these sites. 

To normalize the data for seaso~al vari ations (e . g. 
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monthly sandfly relative abundance , r~infall, relative 

humidity, temperatures, . . . } , the logari~hmic transformation 

{log {n+l}) was applied <Williams, 1937). Statistical 

analysis sys tem (SAS) was used to perform the correlation 

and analysis of variance for detecting the association or 

the relationship which could exist between sandflies and all 

investigated environmental and microclimatic factors. For 

this reason, continuous parameters such a s monthly sandfly 

collections , the monitored environmental factors and the 

microclimate variables recorded inside burrows and termite 

hills were used for calculating the correlation 

coefficients. 



CHAPTER THREE 

SANDFLY POP~LATION DYNAMICS 

3.1 Introduction 

Collections of sandflies from the randornnly 

selected sites such as termite hills, animal burrows, tree 

hollows . human habitations, animal enclosures and open field 

had shown that sandf ly densities in both breeding and 

resti~g sites are characterized by a high species diversity, 

spacia l heterogeneity and changes over seasons for both 

Phlebotomus and Sergentomyia groups. Killick-Kendrick 

(1978) and W.H.O. (1984) stated that the long-term studies 

on the population dynamics of phlebotornine sandflies, mainly 

the vector species are of inestimable value in understanding 

the epidemiology of the sandfly-transmitted diseases and in 

planning control strategies. The knowledge of the sandfly 

annual generations and the sandf ly population peaks 

determine tha most effecti7e time to moun~ an attack. Als~ , 

ths ragular and repre se~tative population samples taken 

during an annual cycle in a standarc way will reveal 

fluctuations in sandfly densities. One of the principle 

objec~ives of this study was to determine the relative 

seasonal abundance of the Sergentomyia and Phlebotornus 

spec ies pres2nt in the Marigat area utilizing the sticky 
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~raps. 

3 .2 Materials and Methods 

Collections of sandflies were carefully undertaken 

from che randomnly selecced termite hills, animal burrows, 

tree holes/hollows, human habitations, animal enclosures, 

open field and tree trunks (see 2.3). The standardized 

sheets of polythene material coated with castor oil so 

c alled sticky traps were used in collecting sandflies from 

the selected sites. T=aps measuring 20 by 30 cm were placed 

in the first three sites and on tree trunks, while a 1 by 1 

metre sticky polythene sheets were placed in the human 

habitations and in animal enclosures. Collections were done 

once every week in each collecting site for a period of 

~welve months. This regular sampling from discovered 

sandfly breeding and resting places revealed the sandf ly 

population densities during an annual cycle comprising both 

dry and wet periods. Also, this sampling carried throughout 

both seasons revealed the activity pattern of sandflies . 

3.3 Results 

3.3.1 Sandfly species composition 

During the studies on sandfly relative abundance 

(1985/86 ,, a total of 98574 specimens 149955 ~ales and 486 1 9 
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females! were collected in the area. After identif icat ion , 

15 species belonging to ~he Phlebotornus and Sergentomyia 

sandfly genera were recorded in the area. The sandfly 

species presen~ in the Marigat area, were therefore grouped 

into 5 Phlebotomus spp. and 10 Serqentomyia species: 

1 . Phlebotornus martini Parrot, 1936 

2 . Phlebotomus duboscgi Neveu-Lemaire, 1906 

3. Phlebotomus rodhaini Parrot, 1930 

4. Phlebotomus orientalis Parrct, 19 36 

5. Phlebotomus sergenti var . saevus Parrot and Martin, 1939 

6. Sergentomyia bedfordi Newstead, 1914 

7. Sergentornyia ant nnatus Newstead, 1912 

8. Sergentornyia ingrarni Newstead, 1912 

9 . Sergentornyia africanus Newstead, 1912 

10.Sergentornyia affinis Theodor, 1933 

11.Sergentomyia schwetzi Adler, Theodor and Parrot, 1929 

12.Sergentomyia adleri Theodor, 1933 

13.Sergentomyia c lydei Sinton , 1928 

14.Sergentornyia grainqeri Heisch, Guggisberg, Teesdale, 1956 

15 . Serqentomyia sguarnipleuris Newstead,1912. 

Studying the sandfly abundance in various trapping 

sites , it was shown that the common sandfly species were 

collected in· large numbers from the different types of 

sites. ~here was a high occurrence of the 2 ubiquitous 

Sergentomyia spec i es ( ~. antenna t us,and ~· bedfordi ) . 

Table 1 shows the capture rates (number per 100 collections 
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exp r essed into log(n+l ) tr~nsf~rmaticn l of e ach sandfly 

s p e c ies as taken by s t icky traps in termite hills , animal 

burrows , t r ee hollows , human habitations, animal enclosures 

and in open fields. Phlebotomus martini was among the 

commonest sandflies in the area. Twelve species were 

col l ected from animal burrows and tree hollows, while the 

termite hills, human habitations and animal enclosures 

yielded eleven species . Ten species were recorded from the 

Open field ' Table 2). 

An imal burrow and tree hollow habitats yielded 

twe l ve different sandfly species . These were Phlebotomus 

martini, ~· duboscqi, ~. rodhaini, Sergentomyia antennatus, 

!· bedfordi, !· ingrami , ! · africanus, !· affinis, I· 

schwetzi, ! · adleri, I· clydei and !· graingeri. Apart from 

t he difference in sandfly occurrence, the same species 

~omposition was found at both sites. Thus , Phlebotomus 

species occurred in animal burrows at a rate of 7 1 . 45% 

against 1.69% in tree hollows, and Sergentomyia species 

prevailed at 18.03% in animal burrows against 25.89% in tree 

hollows. 

In the termite hill habitat, eleven species were 

recovered . These were Phlebotomus martini , ~.duboscgi, 

~ . rodhaini, 1.antennatus , [.bedfordi , 1.ingrami, 

i.africanus , [.affinis , !.schwetzi, !.adleri and 1 . clydei. 

Comparing both sandfly groups as collected from termi te 
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hil l s to the total sandflies recovered in the area, it was 

shown that 16.26% of Phlebotomus species against 31 . 89% of 

Sergentomvia species were collected from this habitat. 

Termite hills constituted therefore, an important collecting 

site for the Serqentomvia species in particular and for the 

phlebctomine sandflies (both gr oups) in general. The 

recove ry of Phlebotomus species from termite hills comes 

into second position after animal burrows. 

In both human dwellings and animal enclosures, 

eleven sandfly species were recoverd; among them were two 

Phlebotomus species and nine Sergentomyia species. These 

species were: Phlebotomus mar tini and t. duboscgi, 

Sergentomyia antennatus, ~· bedfordi, ~ · ingrami, ~· 

africanus, ~. affinis, [. s chwetzi , ~. adleri, ~· clydei and 

~· graingeri. Both groups of sandflies were collected at 

almost the same ra e in human dwellings as well as in anima l 

enclosures but with a slight increase in the last habitat. 

Therefore , it was seen that of the total sandflies collected 

in the area, 4.32% against 5.93% o f Phlebotomus species were 

collected from human habitations and animal enclosures, 

while 8.45% against 10.30% of Sergentomyia species were 

recovered respectively from both sites. Investigating the 

sandfly attraction to human and animal l u res, annual 

collections of sandflies showed that for the Phlebotornus 

group, Phlebotomus mar~ini remained the main sandfly 

attracted to man in the study area. f. duboscgi was found 
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~o be much mere attracted t~ anima:s than to humans . For 

the Sergentomvia group, ~- bedfordi seemed to be more 

attracted to animals than to humans, while the ~- antennatus 

was more attracted to humans than other members of the 

group. 

In the open field , ten sandfly species were 

collected, amongst them, were 2 Phlebotomus and 8 

Sergentomvia species . For the Phlebotomus group , ~- martini 

and ~- orientalis were present. The first species was 

collected in the Marigat area throughout the year, while the 

second was found to be a wet-season species. Althcugh 

sandflies of the Phlebotomus group were present in the open 

field, they were rare. For the Sergentomyia group, ~

antennatus was the main species followed by [. bedfordi , ~

affinis and [ . ingrami. A capture rate of 3.10, 2.99 , 2.51 

and 2.25 was observed for both species ~espectively. 

Comparing both groups of sandflies i n this habitat, 

it has been shown that 0.33% of Phlebotomus against 5.41% of 

Seraentomvia species of the to~al sandfly population 

recovered in the Marigat area were collected in the open 

field. 
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3.3.2 Relative abundan~e of sanjfl~es 

3.3.2.1 Termite hill and animal burrow 

The relative abundance of sandflies in both animal 

burrows and termite hills, the main sandfly breeding sites , 

presented considerable seasonal variations (Figure 5 and 

Appendices 2 , 5 and 6). 

In the termite hills, a decrease in sandfly 

populations was observed during the dry season (December to 

February and September to October) and a month after the 

heavy rains (May) . It was therefore, shown that heavy 

rains as well as the dryness of the breeding sites are the 

main factors contributing to the decrease of sandfly 

populations in this habitat. The increase of sandflies was 

observed during the rainy season and reached its peak in 

July. 

In animal burrows, the trend of sandfly collections 

fluctuated from one month to another . Since these 

fluctuations occurred throughout the year . it was not 

possible to pinpoint the month with the highest sandfly 

relative abundance in this habitat. Neverthless, the 
. 

decrease in sandfly populations was orserv9d during the 

month of May and July, corresponding to one month after 

heavy rains and a mon~h before the end of the wet season 
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Tacl-:; 1. Cc-rnpa!:"ative dis t ribution of ':ne ?hlebot:omine sandf1..:.es in 
_:;:._){ oiot:opes. Data .'.)ased on ca t:.·:hes made by sticky traps. 

Marigat :.lrea, 1:385/ 86. 

Sandfly Termite Animal Tree Human Animal Open 
species hill burrow hollow habitat enclos. field 

P.martini 2.20 2.80 1.16 1.39 1.47 0.74 

P.duboscqi 0.81 2.04 0.34 0.41 0.71 0.00 

P. rodhaini 0.72 0.52 0.62 0.00 0.00 0.00 

P.orientalis o.oo o.oo 0.00 0.00 o.oo 0.19 

S.bedfordi 3.40 2.80 3.79 2.76 3.00 2.99 

s.antennatus 3.80 3.70 3.49 2.92 2.92 3.10 

S.ingr arni 3.33 2.79 2.40 2. 22 1.97 2.25 

s.africanus 2.53 2.21 2.28 1.22 1.40 1.50 

s.aff inis 1.58 1.22 1.36 1.35 1.35 2.51 

S.schwetzi 2. 63 2.08 2.03 1.57 1.39 1. 73 

s.adleri 1.95 1.87 1.48 1.65 1.55 1.88 

S.9rain9eri 0. 00 0.13 0.25 0. 00 0.00 0.00 

s . clydei 1. 76 1.84 1.21 1. 71 1.51 1.91 

s.squam. 0.00 0.00 0.00 0.08 0.08 0. 00 

4.08 3.87 3.99 3.25 3.32 3.47 

Percentage 33.20 20.70 27.16 4.88 5.80 8.23 

Values are expressed into log.(n+l) transformation 
Percentages are calculated on the untransformed data • 
.§_.squam.= s.squamipleuris. 

Average 

0.35 

0.06 

0.00 

o.oo 

1.26 

1.41 

0.77 

0.31 

0.17 

0.32 

0.18 

0.00 

0. 16 

0.00 



-til-

·~a.tle 2 . .Shews t he PbJ.ebotcmine sar.dfly groups as c0ll2cl:.ed from var ious 

'.1abit.at s . (i"1arigat a r2a, 1985/86) . 

Collect ion site 

Termite hill 

Animal burrow 

Tree hollow 

Human habitation 

Animal enclosure 

Open fiel d 

Total sandf ly 

Percentage 

Sandfly group Tot al 

Phlebotcmus group Sergentomyia group %Collected 

sandf lies 

No. sp. %Sandfly No.sp. %Sandfly 

3 16.26 8 31.89 33.20 

3 71.45 9 18.03 20 . 70 

3 1.69 9 25 . 89 27 .16 

2 4. 32 9 8.45 4.88 

2 5.93 9 10.30 5. 80 

2 0.33 8 5.41 8.23 

2662 95910 98572 

2.70 97.29 

No . sp.= number of sandfly species. 

No .sp. 

11 

12 

12 

11 

11 

10 
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r espectively . 

During the dry season as well as the wet period , an 

increase of sandflies in one habitat corresponded to a 

decrease of sandflies in the other habitat and vice versa. 

The month of July corresponded to the highest population 

density of sandflies in termite hills , and conversely 

coincided with the lowest population of sandflies in 

burrows. Trends of sandfly fluctuati ons from both sites 

presented the same pattern in Apr il, May and June. 

Both important collecting sites, termi t e hi l ls and 

animal burrows yielded respectively during the study period 

33.20% and 20 . 70% of the total sandflies {Tables 1 and 2). 

Collections of sandflies during both seasons (1985/86), 

showed that in termite hills an ave r age of 155.11 against 

90 . 75 sandflies were collected during wet periods and the 

dry season respectively (Appendix 3) . In animal burr ows 

there was no major differences in sandf ly collections during 

either seasons. An average of 75.29 sandflies against 

75.83 sandflias were racorded dur ing bo t h wet and dry 

seasons respectively. 

Statis tical analysis of sandf ly collections from 

both termite hill and animal burrow sites using An3lysis of 

variance (Anova model-1 ) and SAS programme (Table 3) , showed 

tha t : 
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al The d~fference between termite ill and animal burrow 

mean-sites was greater than the Least Significant Difference 

(LSD} at 5 percent level {0.20 greater than 0.12), 

indicating that both sites were significantly different (F-

value= 7.01, P=0.009). 

b) For the monthly collections of sandflies in termite hill 

and animal burrow, no difference was observed (F= 0.99, P= 

0.462). 

c) There was no interaction between termite hills and animal 

burrows; indicating that the number of collected sandflies 

behaved consistently the same way from month to month and 

site to site {F= 0.91, P= 0.530). 

3.3.2.2 Human habitation and animal enclosures 

The relative abundance of phlebotomine sandflies as 

collected from both human dwellings and animal enclosures 

(Figure 6 and Appendices 2, 7 and 8) was used to analyse the 

seasonal variations of sandflies attracted to human and 

animal lures. Collected data showed that: 

a) In human habitation, the sandfly relative abundance 

decreased during the dry season and at the end of the wet 

period. The month of December, August and September 

presented a low sandfly population, with the lowest value in 
. 

December. The increase in sandf ly relative abvndance in 

this habitat was observed during the wet period. Thus, the 

month of November (month with a few scattered rainsl, 
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Februa~7 . April . July. and October experienced an increase 

in sandfly populations with the peak appearing during the 

months with few rains (October and November). 

b) In animal enclosures, the analysis of the sandfly 

population attracted to animals.showed a decrease of 

sandflies during the dry season (January , September and 

October) and the wet season (March to May) . The lowest 

sandfly relative abundance was recorded in January and May. 

An incre~se was seen at the end of the dry period (February} 

and duri ng the wet season (June to August). High sandf ly 

populations were then recorded at the end of the wet weather 

{July and August) and during the dry period with few rains 

(November). 

In both human dwellings and animal enclosures, the 

sandfly relative abundance presented a "swamping" graph 

pattern from July to October. This shows that the i ncrease 

of the sandfly popul ation in one or both habitats (during 

hat particular period ) corresponded to the decrease of the 

sandfly population in the other habitat and vice versa. 

Collections of sandflies, showed a population of 18.91 

against 16.73 sandflies from the human habitations during 

the dry and the wet season respectively. While from animal 

enclosures, a population of 22.03 against 20.34 sandflies 
. 

was recorded during both dry and wet season respectively 

(Appendix 3) . Both human habitations and animal enclosures 

yielded respectively 4.83% and 5.80% of the total sandflies. 
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~~ble 3. Anal ys is :;f var iance f er tne sandfly popu2.ation dens :i.T:.y as ccllected 

from t ermi te hill and animal burrow s i t es. 

Source of variation Degree of Sum of Mean 

Sites {A) 

Month (B) 

Month X Sites{AB) 

Error 

LSD= 0. 12 

freedan square(SS) square(MS ) 

l 

11 

11 

96 

0.815 

1.264 

1.169 

11.167 

0.815 

0.114 

0.106 

0.116 

F 

value 

7.01 

0.99 

0.91 

Prob. 

0.0095* 

0.4627 

0.5304 

Table: 4 Analysis of variance for the sandfly population density as collected 

fran human habitation and animal enclosure. 

Source of variat. Degree of 

freedan 

Sites (A) 

Month (B) 

Month X Si tes (AB) 

Error 

1 

u · 

11 

48 

* Significant at P= 0.05 

Sum of Mean 

square(SS) square(MS ) 

0.14 

2.89 

0.49 

7.21 

0.145 

0.262 

0.045 

0.150 

F 

value 

0.96 

1. 75 

0.30 

Prob. 

0.091 



ln 
w 
~ 
0 ""' 
z " 
~~ 

0 
l.L • 
0 :J 

0 

f5 [, 
m 
:I 
:::> 
7 

' r ~ 

'° ' 

.3..2 

3 

2.8 

2.6 

2.-4 

2.2 

2 

1.8 

1.6 

1.-4 

1.2 

1 

0.8 
Nov. 

0 

--

;~ 

/ 
/ / 

--~ 
/'-~ ----'\ 

\ __ 

1 I I --T --- - - -·--· 

85 Dec.85 tlan. 86 Feb. 86 Mar. 86 Apr. 86 May 86 Jun 86 Jul 86 AuQ. 86 Sep. 86 Oct. 86 

human habltatlon 
YEAR AND MONTH 

+ animal enc loaure 

P111· l ttsur 1~s. 
Fl~ure 6. Seasonal v a r intlnns nf AandflieR in human hahit nt· i.ons irn d a nimal 

(Marigat area, 1985/86). 



-68-

S tatistical analysis of the data collected from 

beth sites (Tables 4 and 5 ), showed that: 

a ) The difference between human habita~ion and animal 

enc l osure mean-sites was less than the Least Significant 

Difference at 5 percent level (0.04<0.05), indicating a no 

significant difference between both sites (F-value= 0.96). 

b } No difference for the monthly sandfly collections was 

observed (F= 1.75, P= 0.091). 

c) No difference in site interraction was observed, (F= 

0.30). 

3. 3.2.3 Tree hollow and open field 

Studies on seasonal variations of sandf lies as 

collected from both sites (Figure 7 and Appendices 2, 9 and 

10) have shown that: 

a) In tree hollows, a decrease of sandfly relative abundance 

was observed during the month of December, February, May and 

September. Sandfly relative abundance increased during the 

dry period as well as during the wet season. The months of 

January, March, July and October marked an increase in 

sandfly abundance. 

b) Observations carried out in the open field showed a 

decrease in sandfly relative abundance in December 

(corresponding to the dry season) and from May to August 

(corresponding ~o the wet period } . An increase of sandfly 
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population i~ the ~pen fi e ld habitat was obse r v ed in 

February , April and September. 

Comparing the sandfly relative abundance in both 

sites, the following observations can be made : 

1. The decrease in both sites was recorded during the months 

of December and May , corresponding to the dry and wet season 

respectively. Thi s decrease could have been due to changes 

of microcli~ates, caused by the dryness and/or the dampness 

in resting sites during the rainy periods. 

2. The increase of sandflies in both s ites followed almost 

the same pattern, wi~h the exc eption o f March and September 

where an increase in one site was followed by a decrease in 

the other. 

3. In both open field and tree hollow the highest sandfly 

relative abundance wa s monitored in April and Oc tobe r. 

4 . Mor e sandflies were collected from t ree hollows than from 

the open field. Collections of sandflies in both habi t ats 

during we t and dry seasons (1985/86), showed that 102 .1 8 

against 95.52 sandflies were collected from tree hollows 

during dry and wet seasons, while 33 .5 3 against 27.21 

sandf lies were recorded from open fields during beth dry and 

wet periods respectively (Appendix 3). 

Although , there was no apparently major d i fferences 

between s andfly occurrence in their various sites (Figure 

8 ), the analysis of variance (us ing ANOVA-1 and S~S 
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progr~mme ) carried o~t on the monthly toLal sandfly 

collections from every collecting place , showed that (Table 

5) : 

The mean difference between collected sandflies from various 

habitats gave 0.09, 0.11, 0.45, 0.15 and 0.04 for termite 

hill and ~ree hollow , tree hollow and animal burrow , animal 

burrow and open field, open field and human habitation, 

human·habitation and ani~al enclosure respectively. 

Comparing both means , as shown in every pair of sites , the 

fol lowing observations were made: 

1. Termite hills and tree hollows gave a difference mean-

sites greater than the LSD (0.09>0.05). For this reason , 

beth sites differed significantly . 

2. Tree hollows and animal burrows showed a difference mean-

sites greater than the LSD (0. 11>0.05 ). Thus, both sites 

d iffered significantly. 

3. Animal burrows and open fields gave a difference mean-

sites greater than the LSD (0.45>0.05). Therefore , both 

sites differed significantly. 

4. Open fields and human habitations presented a difference 

mean-sites greater than the LSD {0.15 0.05), for this 

reason, both sites differed significantly. 

5. Statistical analysis of sandfly collections from termite 

hills and animal burrows indicated that there was a 
. 

significant difference between both sites. Their difference 

mean-sites was greater than their Least Significant 

Di fference (L SD) ( See 3.3.2.1 and Table 3) . 
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Table 5. Analysis of variance for the sandfly populat:on densit: as collected 

f ran various b.:::eeding and resting sites. 

(Perkerra Irrigation Scheme, Marigat area, 1985/86). 

Sa..irce of variation df 

Sites 5 

Month 11 

Sites x Month 55 

Error 55 

LSD on transformed 

data (at 5% level) = 0.05 

Transformed means. 

Grouping 

a 

b 

c 

d 

e 

e 

SS 

16 .716 

0.872 

2.908 

0.496 

Means 

3.7500 

3.6617 

3.5525 

3.1062 

2. 9550 

2.9175 

** significant at l percent level. 

MS F-value Prob. 

3.343 

0.079 

0. 052 

0.009 

370.67** 0.0001 

8.79** 0.0001 

5.86** 0. 0001 

Sites No . 

Termite hill 1 

Tree hollow 3 

Animal burrow 2 

Open field 6 

Animal enclosure 5 

Human habitat. 4 

Means with same letter (for significant F) are not significantly different 

at 5% level. 
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6. The difference mean~sites between human habitations and 

animal encl~sures was less than their LSD at 5 per~ent 

level, this shows that there was no significant difference 

for the sandfly collections from both sites {See 3.3.2.2 and 

Table 4). 

3.3.3 Seasonal incidence of sandf ly species 

It appears that in the Marigat area, two groups of 

sandfly species are present: the first group is composed of 

perennial species and the second of seasonal species 

{Appendix 3). 

3.3.3.1 Perennial sandfly species 

The perennial sandfly species, also called non-

seasonal species, were collected throughout the year during 

both dry and wet seasons. These species were widely 

distributed and tolerated a wide range of conditions. 

Eleven sandf ly species for both Phlebotomus and Serqentomyia 

groups belonged to this c ategory. For the Phlebotomus 

group, they were Phlebotorous martini, ~· duboscgi and ~· 

rodhaini. It was observed that the majority of perennial 

species belong to the Sergentomyia group. These species 
. 

were: Sergentomyia antennatus, 2· bedfordi, 2· inqrami, 2· 

africanus, 2· affinis, 2· adleri, 2 · schwetzi and§. clydei. 
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For the Phlebctcmus species !Figure 9 ), i~ was 

0bser ved that Phlebotomus mar~ini and f. duboscqi increased 

their densi t ies in December a month after some isolated and 

scattered showers which were recorded in the area. Other 

increases in the Phlebotomus relative abundance were 

observed in April and August, corresponding to heavy 

rainfall. f. martini populations showed three eaks: the 

f i rst in December, a month after scattered rainfall occurred 

in the area , the second in April, a month after the 

beginning of the rainy season and the third in August , 

corresponding to the end of rains. During the dry season 

(January and February) , the f . martini populations 

aecreased . Also, the month of July presen~ed a fall off 

inf . martini's relative abundance. The same observation 

was true for f . duboscgi , its increase in numbers was 

observed during the month of December, April and August . 

The decrease was seen in January (dry season) , June (wet 

mon th ) and October . 

Although a decrease in sandfly relative abundance 

~as observed in one or other season for both f. martini and 

f . duboscgi, t heir presence in the area did not completely 

disappear and therefore , collections of these species were 

carried out throughout the year. f . martini was present in 

all investigated habitats , as was f. duboscgi with the 

exception of open fields (Table 1). f. rodhaini was present 

throughout the year but occurred in small numbers during 
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both the dry and t h e we t seasons. Sowever , t he l ~w 

population of f. rodhaini was recorded from July to October, 

while its high densi ty was observed from November to 

February. 

Comparing both Phlebotomus species , it has been 

observed that: 

f. martini seemed to be well adapted species to the area as 

it was collected from various habitats and as it occurred in 

l arge numbers during both seasons . The high number of this 

species observed throughout the year determined its 

permanent contact with man and hence , the transmission of 

the parasite within the hosts. f. duboscgi was also always 

represented in the investigated breeding and resting sites , 

although its number did not reach the level of f. martini. 

f. duboscgi was absent from tree hollows and open fields 

during the dry season, while , its disappearance from open 

fields was seen only during the we t period (Appendix 3). 

!ts collection in large number from burrows , is probably due 

to the presence of rodents living in these sites which serve 

as a source of f ood . 

f. rodhaini was collected from termite hills, animal burrows 

and tree hollows during both seasons. It was absent from 

human habitations, animal enclosures and open fields. 

Ser gentomyia species form three quarters of the 

perenn i al sandfly population. The Sergentomvia group was 
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ma i n l y composed o f v igou rous and robus t s p e c ies , whi ~h 

prevai l ed i n t he area throug hou t the year {Appendix 4) . 

Ei g ht sandfly species belonging to this group were f ound to 

i nhabit i ng various breeding and resting sites i n the area . 

These species were Sergentornyia antennatus , [ . bedfordi, [. 

ingrarni , [. africanus, [. aff i nis, [. schwetzi, [. adleri 

and [. clydei. 

Despite the fluctuations of the Sergentomyia 

spec ias in various hab itats, none o f them disappeared 

c ompletely {Appendix 3 ). The robust and ubiquitous ~· 

antennatus maintained h i gh numbers during both dry ·and wet 

periods: ~. bedfordi showed its highest density during the 

dry season , and then decreased during the months with high 

rainfall. The most commo n species in the area, [. 

antennatus and ~ · bedfordi seemed t o be we ll adapted to 

vari ous changes which occurr ed in t he area dur ing the study 

period. Their vigour and robustness resulted in their 

predominance in all investigated sites. It is possible 

that these species are more drought-resistant and therefore , 

showed f ai r ly c onstant popul a ti ons throughout t h e year . 

~· antennatus. 

The largest collected sandfly species in the area , 

~· an t ennatus showed high numbers during both dry and wet 

seas ons. Although this species was collected in all 

invest igated sites, i t was most c omrnonl~ found in termite 
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hills. As shown in Figure 10, a slight decrease of 

~.antennatus relative abundance was monitor~d during both 

dry and wet seasons . The first decrease was recorded in 

November (month with scattered showers) and the second 

decrease was in May (wet period). Nevertheless, this 

species formed a high proportion of the total catch of 

sandflies; 46.43% and 48 .97% of the total catch during both 

dry and wet period respectively. [. antennatus presented 

two peaks during its increase; the first peak was seen in 

February {end of the dry period) and the second in July {wet 

weather). Owing to these observations , the sudden increase 

of ~· antennatus during the particular February (Figure 10) 

was unknown and probably exceptional, since there was no 

other species showing a peak in this month. 

~ · bedfordi 

Thi s species was relativly abundant t hroughout the 

study period , but was more sporadic i n incidence than ~· 

anten natus. Its population's fluctuations showed a decrease 

during May and July , corresponding to the wet period, while 

an increase was seen from August to October {Figure 1 0). 

The density during November and December remained high. 

Another increase was observed in March and June. The 

increase of ~· bedfordi at the end of the wet weather and 

during the dry period helped to classify this species amcng 

the drought-resistant species. The high number collected 

frcm tree hollows shows tha t this spec ies prefers to rest in 
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shaded sites where temperatures a r a modera te and humijity is 

high . This species constituted 40.77% against 25. 85% of the 

total sandf ly catch during both dry and wet periods 

respectively. 

The monthly incidence presented a tendency for both ~· 

antennatu s and ~ - bedf ordi to follow a pattern similar to 

tha t of [. ingrami with increase and/or decrease of 

densities either in dry season and/or in wet period (Figure 

10). Both ~ergentomyia antennatus and [. bedfordi species 

seemed to be ~ffected by rainfall. Thus, during May (a 

month after heavy rains ) a decrease in both population was 

monitored . ~- bedfordi seemed to be more affected b y the 

wet weather than ~- antennatus, which presented a little 

tendency of being affected by rains . 

~· ingrarni. 

A common s pecies at Perkerra Irrigation Sc heme. ~ · 

ingrarni was collected in large numbers from termite hills 

with fewer specimens recorded from animal enclosures. ~· 

ingrami populations showed a decrease during the dry season 

(January and October } and the midd l e of the wet weather (May 

and July ). An increase was recorded a month afte r the we t 

season had started {April ) and at the end of the rainy 

period (August) (Figure 1 0 ). 

~ · africanus 

Collected throughout the year in the Marigat ~r e a, 
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this species seemed to be a regular inhabitant of termite 

hills. Tree hollows and animal burrows were used as 

secondary habitats. As for the other sandfly species , ~· 

africanus population fluctuated wi th monthly wea ther 

variations (Figure 11). This species presented its highest 

population at the beginning and at the end of the rainy 

season , with the maximum numbers occurring late during the 

rainy season (August) . Low populations were observed during 

the dry season and during the months immediately after heavy 

rains (May and July) . 

~- affinis 

Mainly collected from open fields, t hi s species 

seemed not to choose termite hills and animal burrows as the 

main breeding s ites. Both sites were probably used as 

secondary habitats. Starting from April, ~ · affinis 

populations increased throughout the rainy period {Fig ure 

11}. The decline in numbers was observed during the dry 

season and reached the lowest value before the heavy rains 

had started. 

~ - schwetz i 

Inhabitat of te rmite hills, ~- schwetzi presented 

its maximum numbers dur ing the rainy season. As indicated 

in Figure 11 i~s highest pop~latior. was observed between 

Ma rch and August . reach:ng its peak i~ :une 'wet seas0~ ·. 

I:s lowest pop~la ti~n :~vel was recorded jur :n~ :he _ry 
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period (December, January and September) . 

~· adleri and ~- clydei 

Analysing the mon~hly incidence of both species 

(Figure 12), it was found that: 

a) the pattern of population's fluctuation for one species 

has a tendency to follow that of the other, 

b ) the maximum numbers for both species were recorded during 

the wetter months (March to August) . Both species presented 

their peaks in April. 

c) a decline in their relative abundance was monitored 

during the dry season. The months of November to February 

and September to October experienced low populations of both 

species. 

Collected throughout the study period, each species 

( ~. adleri and ~- clydei) seemed to have a given preference 

for its breeding sites. ~· adleri seemed to prefer breeding 

in termite hills , and used animal burrows as a secondary 

habitat. Conversely, ~- clydei prefers breeding in animal 

burrows as primary habitats with termite hills as a 

secondary habitat . 

3.3.3.2 Seasonal phlebotomine sandfly species 

Analysing the sandfly c~llectior data . it we s s~o~n 

that althoug h ~ he overwhe l~i n= ma jor~ty 0 f s~ndfl:· s~~=~e~ 
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occurred in the area throughout the year, other species 

emerged only at certain seasons of the year (Appendix 3: 

species included in this Appendix are the ones co:lected 

during our regular s ampling of sandfl ies in the standardized 

long-term collection sites during the year 1985/86). 4 

species among the 15 recovered in Perkerra Irrigation 

Scheme, were found to be either dry season or we t season 

species. These four species appear to be more sensitive, 

and have a limited distribution and a strictly seasonal 

incidence. Phlebotomus orientalis, f. sergenti , 

Sergentomyia graingeri and §. sguamipleuris were found to 

belong to this category . f. orientalis and ~- graingeri 

were restricted to the wet season and § . squamipleuris was 

found to be a dry season species. None of these species was 

collected during both seasons, showing that these species 

breed in an alternate habitats during the wet and/or the dry 

part of the year . f . orientalis was collected in an open 

field during August, while §. graingeri was recovered from 

burrows and tree hollows during June and July. ~· 

squamipleuris was collected in human habitations during the 

month of October. f. sergenti was collected in September, a 

month corresponding to t h e dry period. 

Collected during either the dry season or ]n t h e 

wet period , the seasonal species showed low populat iors 

du~ing ~he psrio~ cf investigation. Their presence did n ot 

make a~y 0reet impa~t on t~e to:al sandfly pop~:a~ioL 
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. 
throughtout the year. 

3. 3 . 3. 3 Occurrence of sa.ndf ly species 

In Marigat area, recovered sandfly species seemed 

to be either perennial or seasonal spe cies. Because of 

this, the analysis of the occurrence of sandflies in the 

study area was based on the common or non-seasonal sandf lies 

which were collected in good numbers and present throughout 

the year . 

Analysing Figure 13, the following observations may 

be made: 

a) For the Phlebotomus group, f. martini was collected in 

large numbers , followed by f. duboscgi . f. rodhaini was 

collected throughout the year in the area, although it 

presented low popula t ions in every searched site. 

b) For the Sergentomyia group, the most common sandflies in 

the area, ~ - antennatus and ~· bedfordi presented high 

populations. Both species were ubiquitous and utilized 

various habitats. However, ~ - adleri, ~· affinis and ~-

clyd ei were collected at about the same rate with an average 

value of 0.18, 0.17 and 0.16 respectively. 

Also ; Figur e 13 and Tab l e l rev ea : tha t t he 

perenn ia l spe c~es p~ ev ail ed i n th~ f2ll ow ~ ~g order cf 

a bundan c e : 3e roen :cmy i a an tenna :u~ ~ bed ~ o~di, S. :~a ram: , 
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Phlebotomus martini, i· schwetzi, i· africanus, i· adleri, 

i· affinis, i· clydei, f. duboscgi and f . rodhaini . Both i · 

antennatus and i· bedfordi represented 80.92% of the total 

sandfly population. 

Because of the limitations of the sampling methods 

used in this study, some species were undoubtedly 

underrepresented ir. the catches. 

Analysis carried out on the relative abundance of 

the common sandfly species in relation to seasonal changes 

(Table 6 and Appendix 4) showed that s pecies such as f. 

rodhaini and i· bedf ordi increased their populations during 

the dry season. The same period presented a slight increase 

in number of (. martini and i· affinis. However, an 

increase was monitored for (. duboscqi, 1.· antennatus, i· 

inqrami, i· africanus, i· schwetzi, i· adleri and i· clydei 

during the wet season. 

An outstanding variation in seasonal relative 

abundance was observed for i· bedfordi ( 40.77% against 

25.85% of the total sandfly population wer~ recorded in dry 

and wet season respectively), while for §. antennatus a 

slight change in number was observed <luring both seasons 

(46.3 % against 48 . 97% of the total sa~dfly populatior, were 

monitored d~ri~g :he dr y a~d the wet SEason resrEctiv~~y . 
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Table 6. Seasonal changes in sandfly corrposition. 

(Marigat area, November 1985- October 1986). 

Percentage of the total catch Total 

Sandf ly species 

Dry season Wet season 

Phlebotarus martini 2.36 2.33 2317 

P. duboscqi 0.28 0. 36 319 

P. rodhaini 0.03 0. 01 25 

P. orientalis o.oo 0.001 1 

sergentanyia bedf ordi 40.77 25.85 32729 

s. antennatus 46.43 48.97 47043 

s ingrami 5.01 13.61 9247 

s. af ricanus 1.77 2.29 2008 

s. aff inis 1.03 0.90 958 

s. schwetzi 1.23 2.88 2045 

s. adleri 0.54 1.45 990 

s. clydei 0.50 1.28 887 

s. graingeri 0.00 0.005 3 

s. squamiJ2leuris 0.004 0.00 2 

Total sandflies 48542 50032 98574 
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3.3 .4 The sex-ratio 

Collections of both male and female sandf lies were 

carried o u t from their breed ing and resting sites dur ing 

both dry and wet seasons (Table 7 ) . 

Studying ~he sex dis~ribution in the standardized 

long-term collect i on s i tes, a sex- ratio of 1. 1 2 : 1 (1645 7 

males against 14564 females) , 1 . 03:1 (9776 rna l es/9419 

females) , 1 . 02: 1 (4174 males / 4053 females), 1.05:1 (3169 

males/2032 females) were observed for termite hills, animal 

burrows, human habitations and open fields respectively, 

while a ratio of 1:1.07 (11989 ma l es/12893 females) and 

1:1 . 2 (4388 males / 5658 females) were observed for tree 

hcllows and animal enclosures respectively. For the first 

four sites, the sex-ratio was in favour o f males, while for 

~he last two, it favoured the females. 

Analysing the variance of the sex distribution 

within the collecting sites , based on 3 criteria of 

classification (month, sex and collecting site), the 

following observations were made (Table 8}: 

1 . Th e inter acti on betwe en sex a n d site presented an F

v a lue equa l t o 2.99. By te s t ing ~he F-v alue a t the 5 

per cen~ : eve l =or r esponding t ~ 5 . 55 d e g r e es of fr e edore. a 

v a lue 0f 2 .3 ~ va s observed w~ ilE t~e 1 percent leve~ 

pres e nted a val~e n:gner t~ac tte 0nes calc~~a~e~ IF5 55 
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degrees of freedom= 3.34 at 1%). Thus , this interaction can 

be ascribed as significant at the 1 per cent level and 

therefore, the significant difference observed be t ween sex 

and collecting sites can be as c e r tained. It i s sug ges t e d 

that the sandf ly sex- ratios may be determined by the 

microclimatic conditions prevailing inside their breeding 

sites and/or the environmental factors occurrin g in the 

area. These factors may also have a phy siological effect o n 

one or the other sex during the immature stages. 

2. The interaction between sex and month showed a F- value 

equal to 6.37. This interaction present ed a highly 

significant difference since its variance ratio (calcula t ed 

F-value) was higher than the ones observed at 5 and 1 

percent level respectively . The 5 percent level 

corresponding to 11 and 55 degrees of freedom in that order 

is 1 . 92 (Fll,55 df at 5 % level ) , while the 1 percent lev e l 

is 2.50 (Fll , 55 df at 1% level) . Thus, the highly 

significant difference between the sex (male and f emale) and 

the monthly collections of sandflies may be due to 

periodical climatic variations. These changes of 

environmental factors could bring changes of both ma l e and 

female survival. 

3. Th e interaction between site (tota l sandf l ies: male and 

fema l e ) and the month gave a F-val ue equal t o 5.86 . Th i s 

in ~ e r a ction s howed a high ly signif ~ c ant d~fference sincE it s 

va r ian c e rat io was h i gh e r tha~ the ones o bserv2d at 5 and ~ 

pe r =ent leve~ re s pectivel y . F {55.5 5 )d f= :. 53 at 5% a~c 
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Table 7. Distribution of the sex-ratio of sandflies within the collection site. 

TH 

Period 

M F 

Nov.1985 1590 1241 

Dec. 490 734 

Jan.l986 667 1498 

Feb. 741 1423 

Mar. 1469 1322 

Apr. 1615 1496 

May 1374 897 

June 2035 1210 

Jul. 2303 1110 

Aug. 2342 1596 

Sept . 1100 1252 

Oct. 731 785 

1. TH= termite hill 

2. AB= animal burrow 

3. th= tree hollow 

4. Hh= human habitation 

5. Ae= animal enclosure 

6. OF= open field 

M= male; F= female. 

AB 

M F M 

699 553 741 

789 886 845 

610 1097 799 

1320 1240 823 

1295 857 1243 

1260 688 647 

673 446 464 

755 710 875 

279 378 1512 

920 850 1458 

552 887 1102 

624 824 1480 

th Hh Ae OF 

F M F M F .M F 

1264 623 723 502 684 71 93 

1495 110 147 183 239 29 52 

1154 265 236 181 213 210 230 

844 283 235 233 273 222 225 

1041 239 105 254 168 250 106 

488 336 155 237 119 515 190 

363 334 333 186 139 193 94 

908 339 300 378 424 153 81 

636 589 464 603 726 316 164 

1350 243 344 567 1000 309 214 

1334 277 469 622 1078 547 341 

2016 522 542 442 595 354 242 
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Analysis of variance of the sandfly sex-ratio. 

(Perkerra Irrigation Scheme, Marigat area, 1985/86}. 

Sa.irce of variation df SS MS F-value 

Sex 1 0.016 0.016 1.85 

Sites 5 16.716 3.343 370.67** 

Month 11 0.872 0.079 8.79** 

Sex x Sites 5 0.134 0.026 2. 99** 

Sex x Month 11 0.631 0.057 6.37** 

Sites x Month 55 2.908 0.052 5.86** 

Error 55 0.496 0.009 

LSD on untransformed data (at 5% level) = 0. 054 . 

Prob. 

0.1794 

0.0001 

0.0001 

0. 0186 

0.0001 

0. 0001 
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F(55,55df) = 1.84 at 1%. Owing to this interaction value 

(F=S.86), the difference observed betweec site anj month can 

be attributed to chang es occurring i n environmenta l 

c onditions br i nging a lot of changes i n sandfly breeding and 

resting sites. 

4. Comparing the treatment-means, no difference was observed 

between male and female sandflies (Table 8). 

3 . 4 Discussion 

3.4.1 Species composition 

Fifteen species of sandflies belonging to the 

Phlebotomus and Sergentomyia groups were identif "e d in the 

area during the period of investigations and these were: 

Phlebotomus martini, f. duboscgi, f. rodhaini , f. 

orientalis , f. sergenti , Sergentornyia antennatus , § . 

bedfordi , §. ingrarni, §. africanus , §. affinis , §. schwetzi , 

§. adleri, §. clydei, §. graingeri and§. squamipleuris. 

Minter (1964b, and c) noted the same species of the 

Sergentomyia group in Marigat. For the Phlebotomus group, 

Minter (1964b and c) reco~ered only t. martini and f. 

rnultidens. Mu t inga and Kamau (1986 ), iden t ified the same 

sandfly speci es {for b oth groups ) to which they added § . 

wynae. 

Sandfl; s peci es such as Pt ~ebctom~~ ma~tin1 
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Sergentomyia bedfordi , ~- antennatus, ~- ingrami, ~. 

africanus, ~ . affinis, ~. schwetzi, ~. adleri and ~. clydei 

were collected from all investigated sites, while 

Phle otomus duboscgi was absent in the open field; f . 

rodhaini was recovered from the termite hills , the animal 

burrows and the tree hollows, but was absent t he human 

habitations, the animal enclosures and the open field. 

3.4 . 2 Relative abundance of sandflies 

It has been thought that before the Marigat endemic 

leishmaniases focus became populated, phlebotomine sandflies 

were widely prevalent , and later, with the development of 

the area and the expansion of the Perkerra Irrigation 

Scheme , many sandfly habitats were eliminated. 

Nevertheless, the high populations of some sandf ly species 

and their prevalence throughout the year have shown that, 

despite the improvement of the area, sandflies have become 

adapted to various new habitats. Foster (1972a and b) 

pointed out that some species of sandf lies are highly 

adaptable even within a small area. Rutledge and Ellenwood 

(1975b ) noted that each sandfly species i s characterized by 

a particular pattern of l ocal occurrence and popu at ion 

aggregation which reflect the species adap tation. The 

population dynamics of sandf l ies taKe into consideration of 

the more irn~ or tant habitats. Mi nte r (:9f4t and cl observed 

a variety of s~ndfly treedin9 and resting nsoi:ats . wt~ch ~e 
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divided into natural and man-made habitats. The natural 

habitats included: termite hills, animal burrows, bird 

holes, tree holes, caves, rocks and soil crevices, while the 

man - made sites comprised human habitations , shops and 

latrines , tents , chicken coops , grain stores , wells and 

beehives. 

The present searches for sandf lies were carried out 

from animal burrows, termite hills , tree hole/hollows, humar. 

habitations, animal enclosures and open fields. Collections 

were also undertaken from trunks and/ or buttresses of trees 

with light or huge canopies. Collections of adult sandflies 

from the investigated sites showed that the main breeding 

and resting habitats presented high population density 

variations. However, the results from the sticky traps, 

used for the sandfly collections, disclosed a capture rate 

order of termite hill, tree hollow , animal burrow , open 

field, animal enclosure and human habitation, with roughly 1 

percent increase from one site to the next . Termite hills 

therefore, c onstitute important breeding sites for sandflies 

(Heish et al., 1956; Minter, 1964c) followed by tree hollows 

and animal ')urrows. 

Phlebotomine sandfly species are associated with a 

given habitat . Thus , animal burrows and termite hi l ls. ~h e 

main sandfly breeding places in t he Marigat leisn~aniases 

endemic focus . shewed an ident1cs: spe=ies co~pos1 t~ o~ t ~: 
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with marked quantitative differences for the Phlebotomus 

species. For the Sergentomyia group a slight difference in 

species composition fo r both sites was observed. The 

Phlebo t omus species collected in burrows were 4 times in 

number than the ones found in termite hills , while 

Sergentomyia species recovered from termite h i lls 

represented twice the ones caught in animal burrrows. 

Contrary to Minter (1 964b), who considered termite hill s as 

the principal habitat of sandfly species of the Phlebotornus 

group and a secondary habi t at for a large number of 

Sergentomyia species , the present observations hav e shown 

that species of the Phlebotornus group occur in large numbers 

in animal burrows and use termite hills as a secondary 

habitat. These observations corroborate the work of Mutinga 

and Kamu (1986); Mutinga et al. (1986a ); Abonnenc (1972); 

Ashford ( 1974 ) . For the Phlebotomus group, the only species 

to occur in large numbers in termi te hills and t ree hollows 

was ~· rodhaini . Sergentomyia clydei pevailed in high 

density in the open field. Quate (1964) noted that in 

Paloich area (Sudan), all collected f. rodhaini were taken 

from tree trunks~ while ~ · clydei o n the other hand were 

numerous in grasslands. Minter 1964b ) observed tha t P . 

rodhaini is a rare Keny a n sandfly that is f ound in 

termitaries. 

Human habitation anci animal enclosure yielded the same 

species composition for both sandfly grcups; but ~ith a 

slight dif~ere~ce in :heir popula~ior size. 
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The comparison between relative abundance of both 

Phlebotomus and Sergen tomyia showed that , the second group 

predominated in the area. The Seraentomv~ a species 

represented ninety seve n percent of the t o tal sand f ly 

population , while the Phlebotomus group gave only three 

percent. Per:il'ev (1966 ) pointed out that in the Ethi o pian 

region , most sandfly •pec i es belong t o the genus 

Sergentomyia, and about t wenty to the genu s Phlebotomus. In 

West Pokot , Mu tinga et al. (198 4) no t ed tha ~ Sergentomv i a 

species represented a high population of Phlebotomine 

sandflies. 

Analysing the relative abundance of e v ery reco vered 

sandfly species, Sergentomyia antennatus was the commonest 

collected fly in the area with a capture rate exceedi ng 1 .4 1 

and followed by i . bedfordi (1.26) . In Iran , Se r gentomyi a 

antenna~us was much more abundant t h an oth er speci es of ~he 

Sergentomyia group (Lewis et al. , 1961 ) . Mutinga and Kamau 

(1986) , observed a large number of I· antennatus and I· 

bedordi emerging from soil samples taken fr om burrows and 

termite hills . I n the Jordan Valley , Schlein et al. (1982 ) , 

reported Sergentomyia antennatus as the common sandf l y 

species . Phlebotomus martini and E· dubosc q i we r e l a rgel l y 

co l lected fr om an ima l burr ows · E· r odhaini showed its high 

n umbe r i n ~ e rmi t e h ill s. Se r g e ntomy ia species such as S. 

antenn atus . ~. bed f ordi. S. i narami , ~ · af r i canL~ S 

s c hwe~z i and ~ - ad:~r i ~er e c cllect~ d ir la ro ~ rum~e rs frc rr 



-100-

termite hills. ~- affinis and ~- clydei were commonly 

recovered in the open fields. Considering the attraction of 

sandflies to human and animal lures, it was shown that both 

Phlebotomus martini and i.duboscgi prevailed in h ig~ numbers 

in animal enclosures compared to human habitations, while 

Serqentornyia antennatus showed an equal capture rate in both 

human habitations and animal enclosures. Serqen tomyia 

bedf ordi was more collected from animal enclosures than 

human habitations. 

3.4 . 3 Seasonal incidence of sandf lies 

The most obvious pattern that emerged from the 

analysis of seasona l variations of sandflies in the Marigat 

area is that some sandfly species are widely distribu t ed and 

were collectec all the year round or for most of the yea r , 

but with changes in monthly incidence, these species are 

perennial or non-seasonal. Other species appear to be more 

sensitive to climatic variations, they have a limited 

distribution and a strictly seasonal incidence a nd are 

cal l ed seasonal species. 

The perennial sandf ly species appear in large 

numbers and include species of both Phlebotomus and 

Sergento~yia groups. They form ~he overwhel~ing majority of 

sandfly species present ~~ ths study a r ea . Thev a re 
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antennatus , ~- bedfordi, ~- ingrami, ~- africanus, ~

affinis, ~· adleri, ~· schwetzi and ~- clydei. Wijers and 

Minter (1962) noted that "although the perennial sandfly 

species decrease considerably during the dry pe~iod. the_ do 

not disappear in the area". The population maxima of 

perennial species occurred during the month of December {f . 

martini) , January (E. rodhaini ), February {~. antennatus), 

April (E. martini, E· duboscgi , ~ · inqrami , ~· adleri and ~· 

clydei ), June ( ~ . schwetzi ), August (~. bedfordi and ~

africanus) and September ( ~. affinis ). The majority of 

sandf lies increased their numbers during the wet weather 

(April to August); with the exception of Phlebotomus 

rodhaini and Sergentomyia antennatus which reached their 

population maxima in t h e late dry period (January and 

February). At Kauriro, Minter (1964 c ) pointed out that the 

drought-resistant species, Sergentomyia antennatus was 

caught in the greatest numbers during the dry season. 

However, in the Paloich area, f. rodhaini was des igncted as 

dry-season species, as it was mainly collected during the 

dry periods of the year (Quate, 1964). Quate (1964) noted 

the same classification for sandf lies present in Pa l oich 

area (Sudan). In Ethiopia, Foster (197 2a) recovered various 

instars throughout the winter indicating that breeding 

probably continues al: the year round and ~hat adults shift 

f r om one habitat to another as angle of sun. temperature 

re:at~ve hurridit~ and other seasonal factor ctsn c es. risney 
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sandflies occurred all the year rou nd , while other seemed to 

be eith er wet season or dry season s p ecies . 

The s e asonal s andfly s pecie s f o r med t h e minority of 

spec i es presen t in the Marigat endemic area . They have a 

limited distribution and a strictly seasonal incidence . In 

th i s category , s p ec i es such as Phlebotomus orient alis , f . 

sergenti var . s a e vus , Serqentomyia qraingeri and ~· 

squarnipleuris o ccur . E· orientalis and ~ · sguamipleur is 

were found to be wet season species , while E· serqenti var . 

saevus and ~. graingeri were collected only during the dry 

season . In the Brit i sh Honduras , Disney (1966 ), pointed out 

that some sandf l y species disappeared during the dry season 

and reappeared during the wet period. Wijers and Minter 

(1962 ) and Minter (1964c ) s t ated that Kenyan sandflies fall 

readily into perennial and r ainy seaso n species. 

3.4.4 The sandf ly sex-ratio 

It was at first thought that t he p r oportion of 

males to females was equal, but t h e anal y sis of variance 

carried out on collections of both male and female ~ andf li es 

in various breeding and r est i ng si t es showed that t h ere is a 

s igni f ic a n t d if !erence be tween both sexes a nd t~ e i r 

c o l l e cting sites (F= 2. 9 9~* . P= 0 . 01 ). Th t mic r oclimates 

~ = ~u rri n ; insi~e the sand f ly bree~~nc and restin~ pla=es ~?Y 

ra"E- c:.r effect c;1 one or the ether se:>: ::3.uriPc their i~:r a~ur~ 
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. 
stages and therefore determine the sandfly sexes. Rutledge 

and Ellenwood (1975b) suggested that sandfly sex-ratios may 

be partly determined by environmental factors perhaps 

physiologically or through differential mortality of the 

sexes in the immature stages. In termite hills and animal 

burrows there was predominance of males, whereas in tree 

hollows and animal enclosures, the sex-ratio was in favo ur 

of females. The predominance of males or females in one or 

other site cannot be fully assessed without further 

investigations in the field and in the laboratory. 

Chaniotis et al. (197lb), noted that differential sex 

mortality, genetic control of sex ratio as well as the fact 

that females resting fall prey easier than males are a 

number of possibilities which may have a bearing on the 

discrepancy between the 2 sexes. Gouteux and Laveissiere 

(1982), stated that the sex ratio value of Glossina palpalis 

depends upon the type of biotopes. Also it was shown that 

the sex-ratio value was highly significant between different 

periods of the year {F= 6.37**, P= 0.0001). 



CHAPTER FOUR 

ShNDFLY DENSI TY IN THE VEGETATION HABITAT AND 

ITS VERTICAL DISTRIBUTION 

4.1 Introduction 

Sandflies spend most of the day-time resting and it 

is estimated that the daily activity period starts at 

sundown as well as at sunset and goes declining up to 2000 

hours and 0700 hours a.m. respectively . Minter (1964b) 

reported t ha t sandflies emerge from their day-time resting 

places at dusk and have returned shortly after dawn. 

Studies o n the vegetation sites as sandfl y resting places 

have been extensively car ried out (Chanio ti s et al ., 1974; 

Christensen and De Vasquez et al., 1982; Rutledge and 

Ellenwood, 1975a! Thatcher and Hertig, 1966). These studies 

indicate that there are differences in resting behaviour 

between phlebotomine sandfly species . 

Species of the Sergentomyia g: oup seem to be 

arboreal (Disney, 1 966· Hanson, 1961; Quate,1964 ), whereas 

the Phlebotomus species rarely occur in the vegetation 

sites. This last group of sandflies prefer to rest in 

:er~~t~ ~~ l :s and an~rnal burrcws . A~ Ln~erstand i n0 o f tht 
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1n order to plan any control of these flies using residual 

insecticides within the forest or by the selective removal 

of particular plant species. 

Sandfly species prevailing in the Marigat forested 

area are reported here in relation to three types of 

vegetation: the large trees, the open woodland and the bushy 

site. Investigations carried out in Perkerra Irrigation 

Scheme showed that its vegetation is frequently subjected to 

major changes during both dry and wet seasons. Observations 

undertaken during the dry season showed a lot of 

modifications in the vegetation composition . The grass 

turned brown and died , o thers became dormant and most of 

plants lost their foliage , except a few and scattered 

evergreen shrubs such as Euohorbia tiruca ll i L. Then, the 

grass cover l ost its compactness as it dried up, and, was 

trampled by livestock, mainly cattle , sheep and goats, and 

finally blown off by the strong winds which occurred in the 

area. Besides the loss of their leaves during the dry 

weather, the thorn trees predominated this semi-arid area , 

together with other drought-resistant species such as Ficus 

capensis Thunb., Balanites aeqyptica Del. , Salvadora persic2 

L. All grarninae and the lcw flowering vegetation growing 

benea tn high trees dri ed and disappeared c omple~ely during 

this period. 
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t heir g rowth, appearing a s a green carpet and spread all 

over the area. Some graminaceous species grow up to about 

three met r es . All deciduous trees regain their leaves 

during this period. Acacia seyal Del. with a greyish bark 

was the most abundant forest woody plant, it grows to about 

13 metre s and was followed by Balanites which grows to abou t 

eight to ten metres. 

The vegetation of the Perkerra forested area is 

heterogeneous and has two d istinct canopy levels: 

1. The upper level, reaching about 13 metres high (wi th a 

range comprising between 10 and 13 metres) is mainly formed 

by four species of trees: Acacia seyal, Ficus capensis, 

Balanites aegyptic a and Salvadora persica . 

2. The lower level reaches about five metres high and 

consists of several species of seasonal plants. The ground 

flora is scanty due to the shading provided by the we ll 

developed canopy . 

4.2 Materials and Methods 

4 . 2.1 Large trees 

Twenty five rolythene sheets, measuring 20 by 30 cm 

eacr., and coated with castor oil ~ere used for sandfly 

=cllections during the period from February · e~d o~ dry 

season to Ma~ 1986 lwet wEatherJ , while fourtf~n s ti~k. 
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eraps were used during the d ry period (September 1987}. 

Drought-resistant plant species were randomnly selected 

during both periods of investigations and used for sandf ly 

collections. These plants were mainly Ficus capensis 

Thunb . , Balanites aeqyptica Del., Acacia seyal Del. and 

Salvadora persica L. Both plants have huge canopies, which 

formed an obstacle to the sunlight to reach the soil. 

4.2.2 Open woodland 

As for the large tree habitat , standardized sticky 

traps were used during both dry and wet seasons. 

4.2.3 Bushy area 

The bushy area was mainly composed of Lantana 

camara L . which formed thickets with high humidity. Sticky 

traps measuring 20 by 30 cm were placed during the evening 

hours (1800 hours), s u rrounding the thicket and caught the 

sandflies were removed the next morning (0700 hours) . In 

this site, collections of sandflies were carried out during 

both the wet season (February to May 1986) and the dry 

period (September 1987). 

4.2.4 Sandfly d ens i t y i n the veget a t i on 

I n c:rd s :r t c det enr :ne th E: sanC.fly dsr. s 1 t y pE:-r t::-ar: 
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in three different vegetation types, standardized sticky 

traps were used to collect sandf lies on trunks o f large 

trees (having huge canopies), on trunks of small-sized trees 

(having clear canopies) and in a bushy site . The density o: 

sandflies per trap per site and per season was calculated 

(Tables 11 and 12), using the following formula: 

Fly density/trap/site = Number of collected sandflies 

No.collections x No.traps x Surface 

of trap. 

4.2.5 Sandfly vertical distribution 

In order to study the sand f ly species flight 

behaviour and their i ndirect impact on animals, lizards and 

birds living in tree canopies , investigations on the sand fl y 

vertical distribution were carried out in two different 

habitats: a wooded area and an open field. 

4. 2.5.1 Wooded area 

Flag-type sandf ly sticky traps were placed in the 

wooded area at different heights (Figure 14a} ranging from 

the ground to eleven metres (0 to 11 metres) and caught ~ 

sandflies were removed the next morning. At this site , 

s andflies were ccl:ected during the dry period (January to 

~ebruary 1987 \ ~sing sticky traps mEa8uring 20xJC c~ ac~ . 

and placed a~ every meLre . Tra?s ver~ pl2ced o~ ~~0~0~ 
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Figure 14a. Flag- type sandfly sticky traps. 
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towers. 

4.2.5.2 Open field 

Investigations on sandfly vertical distribution in 

an open field were undertaken at the end of the dry season 

a nd the beginning of t he wet period ( February to March 

1987 ) . Flag-type sticky traps measuring 20x30 cm were used 

for overnight collections and caught sandf lies wer e remov e d 

the next morning. Traps were set up at a distance of 0 to 9 

metres. 

Both, in the wooded area and the o p en field, the 

sticky traps were coated with castor oil , and traps were 

placed at every metre. No bait was used as a sandfly 

at t ractant during the experiments . 

4.3 Results 

4.3 . 1 Large trees 

A total of 2791 sandf lies were collected from 

twenty five sticky t raps pinned on trunks of large trees 

during the wet season. After their identification, nine 

spec ie s were r ecovered, and these =ontained one Phlebotomus 

ard eight Seraent~mvi~ s peci es Tnese spEcies were 
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. 
~- ingrami, ~· africanus, ~- affinis , ~- schwetzi , ~- adleri 

and ~- clydei (Table 9). 

~- bedfordi pre dominated the sandf ly c ollections 

and was followed by ~· antennatus. Both species represented 

60.08% and 29.81% of the total sandflies respectively . 

Phlebotomus martini and ~. aff inis were collected at a ra t e 

of 0.10% of each of the total c o llected flies in thi s site. 

Also, ~. ingrarni and ~- s chwetzi were collected in good 

numbers with a rate of 4.55% and 2.83% respectively. An 

average of 111.64 sandflies was recorded per trap . 

Although an overall sex-ratio of 1: 1 was recorded , 

it was noted that more males than females were collected 

from this site , except for~- bedfordi, where more females 

than males were monitored . No ~. martini female was 

recorded from tree trunks. 

Collections of sandflies from large trees during 

the dry season yielded a total of 845 Old Wor ld phlebotomine 

sandflies. Thus, for the Phlebotomus group f. rodhaini was 

identified, wh ile ~ bedfordi, ~. antennatus , ~ - africanus, 

~· adleri and ~ · affinis were recove r ed for the Sergentomyi a 

group (Table lOi. 

As during the wet season ~.bedford1 predomine ted the sandf ~y 

c2ll~ctions. The analysi s of the captur e r a ~e~ f~r ever:· 

gave E prevalenc€ o f 5~ . E2~ and 42.36~ 
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·~.bedfordi and ~.antennatus respectively . f.rodhaini, 

~.affinis and ~.adleri were collec~ed at the same rate 

(0.11%). f.martini and ~.inqrami were not collected during 

this period. An average of 60.35 sandflies was calculated 

fo r every sticky trap. 

A slight predominance of females than males were 

recorded with a sex-ratio of 1:1.38 (354 males against 491 

females). More males thau females wer e recorded for 

Serqentornyia antennatus , ~. adleri and ~. affinis. Except 

for Phlebotomus r odhaini and Sergentomyia bedf ordi where 

more females than males were observed. Sergentomyia 

africanus gave the same number of females and males. 

4.3.2 Open woodland 

From a total of 1573 sandflies collected during tne 

wet weather , nine sandfly species were identified. These 

species are : Phlebotomus martini, Sergentornyia bedfordi , §. 

antennatus , § . ingrami. §. africanus, §. affinis, § . 

schwetzi, §. adleri and §. clydei . 

Analysing the sandfly prevalence !Table 9 ) , it was 

found that ~ · bedfordi and ~. anten~a tus were the most 

common , representing 6 4.~4% and ~2 .0 4 % o f t he t o t al s andf l y 

pop ulati on r espe c tively. ~ .m a rt i ni a~d i . a ffi n i s pres en~ed 
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sandflies per trap was observed. 

Studies carried out on the sandfly sex-ratio, 

showed that a ratio of 1.40:1 (918 males agains t 655 

females ) was recorded ~ showing a slight predominance of 

males than females. Exception was seen for ~ · africanus 

which presented more males than females. 

A total o f 753 sandflies were recovered i n the open 

woodl and habi~at during the d ry period. After 

identification , the following species were recovered : 

Phleb otomus martini, Serqentornyia bedfordi, ~. antennatu s , 

~· africanus , ~. ingrami a n d ~ · squamipleuris. Analysing 

the prevalence of collected sandflies , it was noted that 

(Table 10): 

1 ) ~· bedfordi predominated the catches {84.32%) a nd was 

followed by~· antennatus (14.74%). 

2) f . martini and ~· sguamipleuris were collected at the 

same rate (0.13%). 

3 ) An a verage of 53.78 sandflies per trap was calculated . 

4.3 . 3 Bushy habitat 

4 sandfly species were identified from a tota l of 

78 sand:lies colle c ted during the wet season . These species 

are: Se~aent~rrvla antenne~us . S. bedf~r{i, _ ingra~.i an~ ~ 
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Analysing the sandfly prevalence, the following 

observations may be made: 

1) §. antennatus predominated the collections (50%) and was 

followed by§. bedfordi {41.02%). 

2) § . ingrami and §. affinis were collected at a rate of 

7.69% and 1.28% respectively. 

3) An average of 9.75 sandflies per sticky ~rap was 

calculated . 

A sex-ratio of 3:1 (58 males against 20 females) 

was recorded showing ~hat this habitat harboured more males 

than females. 

The scarcity of sandflies in this habitat was much 

pronounced during the dry season than the wet period. Only 

18 sandflies were caught from 14 collections made during 

that period. Two species were identified from collected 

sandflies: Sergentomyia bedfordi and §. antennatus. 

As indicated in Table 10, both species were collected at a 

rate of 83.33% for § . bedfordi and 16.66% for §. antennatus . 

I 

An average of 1.2P sandfly per sticky trap was recorded. 

A ratio of 2:1 (11 males against 7 females ) was obtained, 

showing that there was predominance of males ever females . 



Table 9. Comparative di stribution of sandflies in three different biotopes: Large t rees I Open woodland and t he t>U.Shy ut e el . 

Perkerra Irrigation Scheme, Marigat area, February 1986 to May 1986 . 

---··-· ·- ··----

Sand fly Large trees Open woodland Bushy area 'IOrAL 

species 

M. F 'rctr. % M. F. ror. % M. F. 'IOT. % M. F. ·ror . % 

. ..... ___ 

P.martini 3 0 3 0.10 2 0 2 0.12 0 0 0 o.oo 5 0 5 0. l l 

S.bedfordi 699 978 1677 60.08 549 471 1020 64.84 19 13 32 41.02 1276 1462 2729 61. 4 3 

s .antennatus 500 332 832 29.81 331 173 504 22.04 33 6 39 50 . 00 864 511 1375 30 . 95 
I 

If) s. ingrami 92 35 127 4.55 7 5 12 0.76 5 l 6 7.69 104 41 .l4S J.26 .---< 
~~ 

I s.africanus 31 15 46 1.64 2 4 6 0.38 0 0 0 o.oo 33 19 52 Ln 
s .af finis 3 0 3 0.10 2 0 2 0.12 l 0 l 1.28 6 0 6 U. 13 

s.schwetzi 50 29 79 2. 83 15 l 16 1.01 0 0 0 o.oo 65 30 95 .L. J4 

s.adler i 8 6 14 0.50 4 1 5 0.31 0 0 0 o.oo 12 7 19 0 . 42 

s.clydei 10 0 10 0.35 6 0 6 0.38 0 0 0 0.00 16 0 16 0. 36 

-·- -·- ·~· 

rroTAL 1396 1395 2791 918 655 1573 58 20 78 2372 2072 4442 

No.traps 25 31 8 64 

Average 111. 64 50.74 9.75 69 . 40 

M= male, F= female, Tot.= total 
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Table 10 . Comparative distribution of sandf lies in three biotopes: Large trees, small trees with clear canopies and t_ lJ t:! Lu:, 11y s 

Perkerra Irrigat ion Scheme, Marigat area, September 1987. 

Sandf ly 

species 

P. martini 

P. rodhaini 

s. bedfordi 

s. antennat. 

s . af ricanus 

~- insrami 
s. adleri 

s. affinis 

s . sSI!:!amiEL 

'IDTAL 

No.trap 

Average 

Large trees 

M. F' . 'I'OT. % 

0 0 0 o.oo 
0 l l 0.11 

128 342 470 55.62 

217 141 358 42.36 

7 7 14 1.65 

0 0 0 o.oo 
1 0 1 0.11 

1 0 l 0.11 

0 0 0 0.00 

354 491 845 

14 

60. 35 

M= male, F= female, Tot.= total. 

Open woodland 

M. F • TO'l'. 

l 0 l 

0 0 0 

367 268 635 

73 38 111 

l 2 3 

1 1 2 

0 0 0 

0 0 0 

0 1 1 

443 310 755 

14 

53 . 78 

Bushy area TOTAL 

% M. F. TOT. % M. F'. Tot. ~ 

0.13 0 0 0 o.oo l 0 1 (J. 06 

0.00 0 0 0 o.oo 0 1 1 U. Ut> 

84.32 9 6 15 83.33 504 bl6 .L l 2ll 6<1 . -m 
14.74 2 l 3 16.66 292 180 472 29 . 2U 

0. 39 0 0 0 o.oo 8 9 17 l , U ~l 

0.26 0 0 0 o.oo l l 2 IJ . L: 

0.00 0 0 0 0.00 l 0 l O.Ob 

o.oo 0 0 0 o.oo 1 0 1 U. Ob 

0.13 0 0 0 0. 00 0 l l 0. 06 

11 7 18 808 808 1616 

14 42 

1.28 38.47 

·-~ - --· 
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4.3 . 4 Sandfly density in t he vegetation 

Analysing Tables 11 and 12, it emerges that: 

1) The large trees presented high sandfly density/trap /cm 2. 

A dens ity of 0.010 fly/cm2 against 0 . 030 fly/crn2 was 

recorded during both wet and dry season respectively. 

2) A density per trap/cm2 of 0.005 fly/crn2 against 0.020 

fly/cm2 was observed in open woodland during both wet and 

dry season respectively. 

3 ) A low sandfly density/trap/ cm2 was monitored in the bushy 

habitat. Thus, 0 . 002 fly against 0.0007 fly/cm2 was 

recorded during the wet and the dry season respectively . 

4.3 . 5 Sandfly vertical distribution 

4.3 . 5.1 Wooded area 

Six sandf ly species belonging to the Sergentornyia 

group were recovered in this habitat. No Phlebotomus 

spe cies was col i ected in the wooded area. Collected 

sandflies were: Sergentomyia bedfordi, §. antennatus . ~ · 

ingrami , § . africanus , §. schwetzi and ~. sguamipleuris . 

As indicated in Table 13 , the ubiquitous sa,dfly 

species , ~ · oedfordi and~- antennatus were ccl~ected at a 

he~ght between 0 metr~ · ground level) and 1: me:res h~n~. 

Ot her s pe=i eE such as f. inar a~i. ~- afr~ce~·l 3 and~-
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Table 11. Sandfly density in three different vegetation habitats . 

Perkerra Irrigation Scheme, Marigat area, Feb.1986 - May 1986. 

Large trees 

Open woodland 

Bushy area 

Collection 

(days) 

16 

16 

8 

Number of 

Trap Sandf lies Density per 

trap (Fly/crn2) 

25 2791 0. 010 

31 1573 0. 005 

8 78 0.002 

Table 12. Sandfly density in three different vegetation habitats. 

Perkerra Irrigation Scheme, Marigat area , September, 1987. 

Large trees 

Open woodland 

Bushy area 

Collecti on 

(days) 

3 

3 

3 

Number of 

trap 

14 

14 

14 

sandflies 

845 

753 

18 

density per 

trap(Fly/cm2) 

0.0300 

0.0200 

0.0007 
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'schwetz i reached 7, 6 a nd 1 metres respectively. ~-

sguamipleuris was collected a t a height of 1 metre. ~-

bedfcrdi and ~.antennatus were collected in large number and 

formed the overwhelming majority of collected sandflies 

{96.47%) in this habitat. Considering the density of both 

~- bedfordi and ~· antennatus a s collected per height, it 

was found that large numbers were collected up to eight 

metres, and then declined upwards. ~· ingrami one of the 

common species in the area, was mainly collected at the 

ground level (0 to 1 metre). while ~- africanus and ~-

s chwetzi presented high density in a zone comprising between 

1 and 2 metres. A high density of the total sandflies was 

recorded between 1 and 2 metres (26.76%} . However , it was 

observed that large numbers of s andflies were recorded 

between one and eight metres (Tables 13 and 14}. 

Analysing the average nightly catches (Table 17), 

it was observed that from 2 to 11 metres, the number of 

female sandflies was almost twice that of males. An 

exception was seen at 7 metres where the number of caught 

females was equal to the ones of males (1.43 sandflies per 

trap per night) . Also between 0 and 2 metres, the num~er of 

male sandflies slightly predominated on t he ones of females. 

This result alsc shews that b~th sexes (of ~. bedfordi and 

~. antennatus ) r eached a height of elev en metres, indicatiLg 

- ' 
.... I- - - ... - -·- ~.L c. .. ...... J. ... .:::, sana f l~es ~ay ~l y at hi a h ne i g h : 



Table 13. Vertical distribution of sandfly species in a wooded area. (Marigat , January - February 1897) . 

Height (in m.) 

Sandf ly species -------- ~~~-------~------------- - - ---- · - - -----~--------- . ··~· ·--- -
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10·-ll rro'L'-1.L 

- · ·- -··· 

s. bedfordi 8 45 34 26 25 46 21 28 12 10 12 2ti7 

s . antennatus 32 63 9 l 4 8 2 17 5 2 l 144 

s . ingrami 5 2 0 0 0 0 0 l 0 0 0 8 

I s. africanus 0 2 0 0 1 0 1 0 0 0 0 4 0 
N ..... 
I s. schwetzi 0 1 0 0 0 0 0 0 0 0 0 l 

s. squaJT1ipleuris 0 1 1 0 0 0 0 0 0 (' 0 2 

45 114 44 27 30 54 24 46 17 12 1.3 426 
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Table 14. Sandfly density and its vertical distribution in a wooded area. 

(Marigat area, January - February 1987) . 

Height (in m. ) January 1987 February 1987 'IDTAL 

19 22 12 16 

0-1 0 0 40 5 45 

1- 2 45 64 0 5 114 

2-3 13 19 7 5 44 

3-4 11 14 0 2 27 

4-5 6 11 9 4 30 

5-6 6 20 24 4 54 

6- 7 2 13 8 l 24 

7-8 3 34 6 3 46 

8-9 1 8 8 0 17 

9-10 2 6 4 0 12 

10-11 3 l 9 0 13 

92 190 ll5 29 

282 144 
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Flgure l4b. Scatter di agram showing the relat i.onsh lps between phlebotomi11e sandf I ie~' 
and their flight heights in a wooden site. Collect ions o f sandflies were 
made in Janua ry (represented by o and • ) and in Februarv (represented by 

• and• ) • Marigat area, 1987 . 
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Studying the relationships between the sand f ly 

cat c hes and t heir height o f fli ght (Table 14 and Fi g u r e 

1 4b), it was observe d t h a t : 

a) a negative correlation coefficient was obtaine d (r=-0.77, 

F(l,9)=16.66* ), 

b ) the analysis of the r egress i on line (Y= 1 .83- 0 . 068X ) , 

p r esented a h i ghly sign ificant var i ance ratio (F ) at b o th 5 

and 1 percent leve l s (F= 1 6 .66*). 

4 . 3.5.2 Open field 

In t h is habitat, nin e sandfly species we r e 

identified , all belonged to the Sergentomyia group . These 

s p ecies were Se r oentomyia bed fo r di , ~ · antennatus , ~

africanus , ~- inqrami , ~. ad l eri, ~ . affinis , ~· clydei , ~ 

schwetzi and ~· sguamipleuris. 

Anal y sing the results as shown in Table 15 , the two 

commonest species in the area, ~· bedfordi a nd ~ - antennatu s 

were collected at the highest height, corresponding to nine 

and seven metres respectively . On the other hand , ~ . 

i nar ami , was not col l ected beyond t wo me tres as was t he c ase 

ir. the ~coded are a . ~. a d l eri, ~· clyd e i and ~· schwetz~ 

were collecte ~ a t f ive metr e s while ~ · a f r icanus ~as 

encou~tere~ at four m~ t res. A singl e spec: ~e n s f ~ 

s~ua7ip~eu~ : s ~as ~~ l lecte~ at six metres . 
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. 
sandfly species densities, as collected at every height have 

shown that large number of sandf lies were collec t ed be t ween 

zero and five metres, with the numbers decreasing u pward to 

nine metres . The hi ghest der.sity of sandflies ( 40. 29 %; wa s 

recorded at the ground level (0 to 1 metre ) . Meanwhile, the 

collected data has shown that large numbers of sandf lies 

were reccrded betweer. 0 and 5 metres (Tables 15 and 1 6 ) . 

Analysis of the nightly catches {Table 17 ) has 

shown that: 

a) more males than females were collected at the height 

comprising between zero and three metres, 

b ) from four to nine metres , the popul ation of female 

sandflies predominated on the male, 

c ) no mal e was collected from s i x metres i n the open field , 

d) no sandf ly species was recorded from ten metres h igh in 

this site. 

Studying the relationsh ips between the sandfly 

densities and their height of flight (Table 16 and Figur e 

15) following observations can be made: 

1 . a negative correlation coefficient was established (r= -

0 . 92. F(l , 7 ) = 40.66* ) I 

2. the analys i s of t h e regressi on line (Y= :.678 - 0 . 202XI, 

showed a hi ghly signi ficant var i anc e r at io at both 5 and 1 

p e !" :: e-: :-it le v Els I F = 4 C• . 6 € * ·, . 



Table 15. Diotribution of sandfly species in an open field.(Marigat area, February - March 1987). 

Height (in rn.) 

sandf ly species 

0-1 1-2 2- 3 3-4 4-5 5-6 6-7 7- 8 8-9 'IO'I'AL 

s. bedfordi 8 17 5 2 8 3 3 l 1 48 

s . antennatus 22 4 5 3 7 4 l 0 0 46 

s. africanus 0 0 0 1 0 0 0 0 0 l 
I 

If) 

N s. ~ngr arni 2 l 0 0 0 0 0 0 0 3 ,...., 
I 

s. schwetzi 0 0 0 0 1 0 0 0 0 l 

s. affinis 7 2 0 0 0 0 0 0 0 9 

s. adleri 14 1 0 2 l 0 0 0 0 18 

s. clydei 0 4 1 0 1 0 0 0 0 6 

s. squamipleuris 1 0 0 0 0 1 0 0 0 2 

54 29 11 7 19 8 4 l l 134 
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Table 16. Sandfly density as vertically distributed in an open field . 

(Marigat area, February - March 1987). 

Height February 1987 March 1987 

(in metres) 

19 23 17 24 

0-1 21 4 0 29 

1-2 21 2 0 6 

2-3 6 2 1 2 

3- 4 2 0 1 4 

4-5 6 5 6 2 

5-6 2 1 2 3 

6-7 4 0 0 0 

7- 8 1 0 0 0 

8-9 1 0 0 0 

9-10 0 0 0 0 

64 14 10 46 

78 56 

TOTAL 

54 

29 

11 

7 

19 

8 

4 

i 

1 

0 

134 
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Figure 15 . Scatter diagram s howi n g the relation s hips het we e11 phlebo to ml nL' sa 11dl 11es and 
their fl tght he f.ghts ln an open fi eld. Collections u f sand! 1 1 .. s Wt!re car r it!<l 
out in February (represented by 0 and • ) a 11d in Ma n:h (repn• s ,~11ted h y t anJ X). 
Mart ga t area , 198 7. 
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Table 17. The average nightly catches of sandflies caught on sticky 

traps set up at different heights in a wooded area and in an 

open field. (Perkerra Irrigation Scheme, Marigat area: 1987). 

wooden area Open field 

Height Average number of sandf lies Average number of sandf lies 

(in metres) per trap per night per trap per night 

Males Females Males Females 

0-1 1.93 0. 87 2.00 1.37 

1- 2 3.93 3.18 0.93 0. 87 

2-3 0.87 1.87 0.37 0. 31 

3- 4 0.50 1.18 0.31 0.12 

4-5 0. 68 1.18 0.56 0.62 

5-6 1.06 2.31 0.06 0.43 

6- 7 0.37 1.12 0.00 0.25 

7-8 1.43 1.43 0. 00 0.06 

8-9 0. 37 0.68 0.00 0 . 06 

9-10 0.12 0.62 o.oo 0.00 

10-11 0.31 0.50 0.00 o.oo 

No. sandflies caught( per one night) 

Average nightl.Y catch= 
~~~~~~~~~~~~~~~~ 

No. collections x No. traps. 



-129-

4.4 Discussion 

4.4.1 Large trees 

Over a total of 3636 sandflies collected during 

both the wet and the dry se asons, ten species identified 

included twc Phlebotomus species and eight Sergentowyia 

species . Col l ected species were Phlebotomus martini , ~ · 

rodhaini, Serqentornyia bedfordi , ~· antennatus , ~ · inqrami, 

~. africanus, i· affinis, i· schwetzi, s. ad l eri , i· clydei. 

Druing both seasons , ~- bedfordi predominated the sandfly 

collections and was followed by ~· antennatus. For the 

Phlebotomus group, E· martini was collected d uring the wet 

season , whereas ~· rodhaini was recovered in the dry period. 

i · ingrami disappeare d in this s ite during the dry period. 

However , a sex- ratio of 1:1 was observed during the 

wet season , although i· bedfordi showed high predominance of 

females over males. No t. martini female was collected from 

tree trunks. During the dry season, there was a 

predominance of female than ma l e sandflies . 

Ana: y sing the average of sandf lies per trap per 

season , i t was shown t h a t during t he we t per i od t he rate c f 

c o ll ected f l ies wa s almost t h e double of tne ones o b se r v e d 
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. 
4.4.2 Open woodland 

A total of 2326 sandflies were collected during 

both the wet season and the dry period in the open woodland 

After identification, ten sandfly species were recovered. 

These species are Phlebotomus martini , Serqentomyia 

bedfordi, ~- antennatus, ~- africanus , ~- ~ngrami , ~. 

affinis, ~· s chwetzi , ~· adleri, ~ · clydei and ~ -

sguamipleuris. The analysis of sandfl y prevalence in this 

site h as shown tha t ~ - bedf ordi and § . antennatus were the 

most prevalent sandfly species during both seasons; while §. 

squamipleuris appeared during the dry season . Species such 

as §. schwetzi, ~ - affinis, §. adleri and §. clydei 

disappearee in this site during the dry season. 

Studies carried out on the sandf ly sex-ra tio gave a 

rati o of 1:1, with a slight predominanc e of males during 

both the wet and the dry seasons . Thus , in the open 

woodland , i~ was observed that the number of male sandflies 

is greater than the number of females. Less female 

sandflies were recovered in this site , probably due to the 

lack of rodents , birds among many others which consti~ ite 

hosts for female sandflies. Als~. it was seen that in the 

open woodland, the environmental conditions such as s~rong 

wind. sunshine de not al low the sandflies to rest on tree 
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deciduous Pteleopsis woodland during the wet season. 

The average sandf ly per trap per season presen~ed 

the same value durin~ both the wet season and the dry 

period. Thus, 51 sandflies against 52 flies were observed 

during the wet season and the dry period respective ly . 

4.4.3 Bushy habitat 

A low type habitat, the bushy area presented a 

vegetation growing up to about three metres and mainly was 

composed of Lantana camara. The humidity was too high and 

the sunlight could not even penetrate and reach the soil . 

The sandf ly collections made during the wet season were not 

successful and there ore , the number of collection d ays was 

reduced and the study concentrated on the productive sites. 

From a total of 96 sandf lies collected in this 

site, four species were identified. These species are 

Sergentomyia antennatus, ~· bedfordi, ~· ingrami and~. 

affinis. No Phlebotornus species was recovered in this site. 

~· antennatus predominated the sandfly collections in this 

site during the we~ season and was followed by ~. bedfordi. 

~- bedfordi showed a high density during the dry season . S . 

affir.is prescntec a low population densi~y. 
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seasons. A ratio of 3:1 against 2:1 was observed during the 

wet season and the dry period respectively. 

The analysis of the a verage collec tions has shown that 10 

flies per trap per season were collected during the wet 

season , while 1 sandfly was caught per trap during the dry 

season. 

4.4.4 Sandfly density in the vegetation 

Mainly composed of drought-resistant tree species, 

the vegetation in the Marigat semi-arid area is 

heterogeneous . Acacia thorn tree predominates the area 

together with other species such as Ficus capensis (Fig 

tree ), Balanites aegyptica, Salvadora persica and Euphorbia 

tirucalli. Some graminae species and the low f lowering 

vegetation grow beneath these high trees. 

Sandf ly collections were undertaken in large trees 

with huge canopies , in the open woodland with trees having 

clear or light canopies and in a bushy area. Resting 

sandflies on standing vegetation were collected using sticky 

traps pinned on tree trunks or on buttres ~ es. Two species 

of Phlebotornus group (f. ~artini and f. rodhaini) and nine 

species of Sergentomvia group ( ~. bedfordi, f. antennatus, 

f. ingrami §. africanus. ~· affinis. ~ . schwetzi . ~-

bvtr. Sl ~. "=S :i.r:nc ~ ... -... J.J.C 
•c.. .. 

·· ~ -. -· 
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. 
None of Phlebotomus species was collected from the bushy 

area , they were only present on the trunks of large trees 

and in open woodland. Serqentornyia species were recovered 

in all investigated habitats. A high prevale~ce of 

sandflies was observed in large trees; this was probably due 

to high humidity provided by the huge canopy found in this 

habitat. The bushy habitat yielded a few sandflies during 

both seasons, showing that thickets do not constitute 

preferred habitats for sandflies. The excessive humidity 

could probably be the reason for sandf lies not to breed and 

congregate in bushy areas. 

Sergentomyia bedfordi seemed to be more closely 

associated with tree buttresses. This species was collected 

in large numbers in all searched habi tats during both 

seasons; it was followed by ~· antennatus. Exception was 

seen in the bushy site where Serqentomyia antennatus 

predominated over ~· bedfordi. Muting a (1972) reported a 

large number of both Sergentomyia bedfordi and ~. antennatus 

collected from tree trunks. Phlebotomus martini and E· 

rodhaini seemed to be well adapted to the fores t ed area as 

they were found in wooden habitats as well as in open 

woodland site. In large trees , the sex-ra ti o was equal; 

wh~le it was ir- favour of male sandf~ies in open ~oodland 

and bushy area. Ch=istensen and De asquez 11982\, observed 
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large numbers of phlebotomine sandf lies of different species 

in a shallow hollow and in large buttress cavities of a fig 

tree (Ficus fil2.} inhabited by bats. 

In order to determine the sandfly density per trap 

per habitat, it was observed that large trees presented a 

high density per trap compared to other investigated 

habitats. In both large trees and open woodland sites , high 

sandfly dens1ty per trap was recorded during the dry season , 

indicating that these habitats constitute the more important 

resting sites for sandflies during that period. Christensen 

and De Vasquez (1982) noted that buttresses of large trees 

constitute a resting site which provide stable 

microenvironment and optimal preferenda for sandflies and in 

which large numbers and a diversity of phlebotornines 

congregate . In Panama, Thatcher (1968b} pointed out that 

sandflies are attracted to natural cavities and hollows o f 

trees constitute the best resting sites for sandflies. 

Hanson (1961) stated that tree buttresses have shown to be 

the richest in species of phlebotomine. In Sudan (Paloich 

area), Quate (1964) observed large numbers of sandflies on 

trunks of large trees . Nevertheless, due to high 

temperature present in the Marigat area, man as well as 

an i mals spend their evening hours under large trees , h icin9 

the arn~ie~t heat . Et this t ime both are subjected t c 



- 135-

The forest litter is the breeding habitat of the 

most sandfly species (Rutledge and Ellenwood , 1975a) and 

therefore it is e vide nt that the large number of collected 

sandflies from large trees was due to high emergence of 

sandflies from deposited litter. On the other hand, there 

seems to be no particular breeding habitat i n the bushy area 

which could lead to increase t he sandfly collection in this 

site . Chaniotis et al. (1971b) pointed out that a fe w 

sandfly numbers observed in se~ondary growth is due to lack 

of large trees. Acacia and Ficus leaf deposits seemed to 

prevail, as these trees predominate in the a r ea. Both 

plants determine therefore, the nature of the li tte r . source 

of nutrients of sandfly immature stages. Rutledge and 

Ellenwood (19 75a ) noted that t he graminae and other plants 

of the undergrowth contribute relatively to the fores t 

litter, because of their small size . The effects of the 

open woodland, mainly composed of small-sized trees on 

sandflies were similar to, but less subs tanti al than those 

of large trees. Small-sized trees produced sparse litter 

and their deposits were relatively limited in extent. Also, 

the shading effec t of small trees appeared to be likewise 

slight in comparison with those of larger trees. ~utledge 

and Ellenwood (1975a) pointed out that the shade of the 

fore st vegetation is a major fa ctor affectina conditi ons 

within tje forest litter in that it acts to modulate soil 
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Due to the fact that some sandf ly species are 

mostly collected from given plants in the Marigat for ested 

area (e.g. Ficus capensis and Acacia seyal ), this could ~ead 

to plan for a control by treatment of selected areas within 

the forest. Also the selective removal of particular plant 

species will reduce the number of plants from wh ere 

sandflies take the sugar juice for their feedings. Schlein 

and Warburg (1986) reported that al l pl ants do not equally 

attract sandflies. They noted that Capparis spinosa ( the 

Caper plant} attracts the highest proportion o f sandflies in 

the Middle East. Ashford (1974) noted that some Ethiopian 

sandflies take plant juices by percing the leaves of plants. 

The sugar constitutes a source of energy for sandflies 

before dispersing to seek blood. Minter (1964b } reported 

that sandf lies appeared to probe the undersides of the plant 

leaves and some apparently sucked the sap from the plant 

tissues. 

4.4.5 Sandf ly vertical distribution 

Comraring the sandfly species composition as 

recovered in both the wooded area and the open fi eld 

hab~tats , it was shown that the Sergentomyia species were 

the only identified phlebotomine sandflies . None of th~ 

Phl~botortus spe c ies was recordEcc . Both "te:-Jni t opt~· l i -:: ~ r:. d 
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duboscgi) seemed to be more closely associated with termite 

hills and animal burrows than with tree buttresses. It also 

might suggest that most of leishmaniasis transmission caused 

b y sandflies would occur near termi t e hills (Rei sch et al., 

1956; Wijers and Minter, 1 962 and Wijers, 1963) and animal 

burrows (Figure 16a) 

Comparison between both areas (Table 18, and Figure 

16b ), has shown that the wooded area seemed to be most 

likely preferred by sandflies. In this area , both sexes o f 

sandflies were collected from 0 to 11 metres, with 

predominance of females. The lack of trees and the strong 

winds were thought to be the major factors for sandf ly 

species not to fly too high in the open field. The main 

zone of sandf ly flight in the open fiedl compr i sed between 

the ground level to five metres (0 tn 5 ml . It was noted 

that more fli es were collected in the wooded area than in 

the open fied , . All investigated h eights in the first 

habitat yielded more sandf lies than in the last ones . The 

only exception was seen at the ground level (0 to 1 m) where 

large number o f sandflies were recorded in the open field 

than in the wooded area. It was obs rved that in the wooded 

area , the hi gh density of sandflies reached 7 metres , with 

the highest n umber recorded b etween 1 to 2 rne t~es ; while in 

the open fieio larg€ numbe rs of sandflies were monitored up 

·c !our ~etres ~ith tne highEst porul2t1on at :he grou~~ 



'l'able 18. Vertical zonat ion of sandf lies caught in traps erected one above the other in two different biotopes 

(A= wooded area and B= open field). (January 1987 - March 87). 

·-·-- ----·- .... 
Height (in metres) 

-·~ - --~-...... _ _______ 
0-1 1-2 2-3 3-4 4-5 5- 6 6- 7 7- 8 8-9 9-10 lO-· l I 

A 8 A B A 8 A B A 8 A B A B A 8 A B A 8 A H 

-- -· 
s. bedfordi 8 8 45 17 34 5 26 2 25 8 46 3 21 3 28 l 12 l 10 0 l / tJ 

s. antennatus 32 22 63 4 9 5 l 3 4 7 8 4 2 l 17 0 5 0 2 0 l 0 

s. africanus 0 0 2 0 0 0 0 l l 0 0 0 l 0 0 0 0 0 0 0 0 u 

s. ingrami 5 2 2 l 0 0 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 lJ 
I s. schwetzi 0 0 l 0 0 0 0 0 co 0 

("", 
l 0 0 0 0 0 0 0 0 0 0 0 n 

...... 
I s. affinis 0 7 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () ll 

s . adleri 0 14 0 l 0 0 0 2 0 l 0 0 0 0 0 0 0 0 0 u 0 l) 

s. clydei 0 0 0 4 0 l 0 0 0 1 0 0 0 0 0 0 0 0 0 0 () l) 

s. s~ami_el. 0 l l 0 l 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 tJ u 

45 54 114 29 44 11 27 7 30 19 54 8 24 4 46 l 17 l 12 0 13 u 
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S.ingrami 

Figure l6a . Prevalence of sandfly vectors and suspe c te d 
vecto r ~ of Leishmania in aniT.ai burro~ and 
termite hill . Solid black ~ a r represents 
the sandfly pr oduction in animal burrow and 
the whit e bar represents the sandfly production 
i n termite hill. Marigat area. 1985 / 86. 
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Figure 16b . Vertical zonation of phlebotomine sanflies in t wo 
dif f erent habitats: a wooden area and an open field . 
(Marigat area, 1987 ) . 
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Analyses of Figure 17, pointed out that the 

ubiquitous species (Sergentomvia bedfordi and ~ . antennatus } 

occurred in beth areas at different densities as well as 

they reached different heights. Both species reached the 

highest height in the wooded site, while in the open field , 

~· bedfordi seemed to reach up to nine metres and ~ -

antenna tus only reached six metres. 

The average nightly sandf ly catches showed that 

large number of female sandflies was collected from two to 

eleven metres (wooded area) and four to nine metres <open 

field ) . At each height in the forested area , the number of 

female sandflies was almost the double of males , the only 

exception was seen between 0 and 2 metres, where the number 

of male sandflies slightly predominated on the females. 

Williams (1970) , observed the majority of male sandflies 

remaining near to the ground, though some rise well above 

the ground; whereas most females move towards the tops of 

the trees. Meanwhile, Shaw et al. (1972) noted a proportion 

of 1 male against 46 females reaching 1.2 metres. 

There seemed to be a great deal of variation in t he 

vertical distribution of different sandfly spe cies in th~ 

Marigat fore~ted ar~a . Thus . Se ro entornvia antennEtus an ~ ~-
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Thatcher (1968b), pointed out that the larvae of arboreal 

sandfly species were found in dead leaves deposited at 20 , 

36 and 40 feet above the ground. where a series of large 

linbs branched out. He suggested therefore t hat when 

sandfly control is attempted, arboreal breeding sites should 

be considered since some man-biting species may develop 

there. In the open field , both species reached nine metres. 

§ . antennatus and §. bedfordi were t he commonest sandflies 

at all heights. Their greatest densities were recorded 

between 1 and 2 metres ir. the wooded area and 0 to 1 metre 

in the open field. The high height of flight for both §. 

antennatus and §. bedfordi may indicate that these species 

are predominat~ly tree-dwellers; their preferred source of 

blood meals are likely to be mammals ( rode nts), repti l es 

( lizards ) and birds of arborea l habits. It has been 

observed t hat in the absence of pre!er red hosts in t h e 

preferred height zone, these flies readily descend t o the 

floor and attack alternative hosts (ruminants , dogs ). 

Mutinga and Ngoka (1981), noted t h at Sergentornyia antennatus 

and §. bedf ordi among many others can be incriminated as 

lizard-feeders . 

Species such as Sergentomyia inqrami, ~· affinis and§ . 

adleri feed mainly near or at the ground level. Both 

spe c i es , the refore can be desi g na ted as " lowe r z on e 

s p e ci es" . Th e y all are li mited i n thei r vertical 

di s tribution to a narrow z~~ e ~us~ abov ~ t~e ~~r=~~ :.oc~. 
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a bove the ground, they prefer the middle - zone (2 to 5 

metres). Disney (1966) observed that in Brit i sh Honduras, 

some species of Lutzomvia appear to feed near to the ground . 

whereas others seem to bite at all leve l s , even r each ing the 

canopy. 

Furthermore, large numberso f sandflies was recorded 

between ground level and eight metres in the wooded area and 

between the ground level and five metres in the open field. 

The large numbers of sandf lies caught at the ground level 

indicate t hat sandflies frequently fly close to the ground 

for searching of hosts as well as of resting sites. 

However, the discrepancy observed in the sandfly flight 

behaviour was due to the fact that in the wooded site , 

composed of large trees with huge canopies, sandfly species 

probably reached the high height f or search of an acceptable 

microenvironment and for food, while in the open habitat the 

lack of trees and the presence of strong winds caused the 

flies to get confined in a lower zone. The female 

sandflies have a large ability to f l y too high; they reach 

the canopy level of trees like Ficus and Acacia. In British 

Honduras, Disney (1 966) stated that more female sandfly 

species reach the high level of flight i ll to 12 metres) and 

only a few males of Lutzomyia trinidadensis were found ~t 

highe~ heights. Okoth and Kapata (1987) studying the 

~1 . f f . 
~ oss1na ~ · ~sc~oes nct~d !hat fe~ale 
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Analysing the relationships between the height of 

flight and the sandfly populat ion density as recorded at 

every heignt in both habitats : it was observ ed that the 

number of sandflies decreased with the height. Shaw et 

al. (1 972) pointed out that in Brazil, the number of males 

and females of sandflies falls off with the height . 



CHAPTER FI VE 

ENVIRONMENTAL CONDITIONS AND THE SANDFLY 

DENSITY 

5.1 Introduction 

Most field entomologists are aware of the need to 

measure the environmental factors such as the rainfall, the 

atmospher ic humidity, the temperature and the wind s pe e d, 

and some have studied their independant or combined effect 

on insects. According to Ferro and Chapman (1979) few 

entomologists have been concerned with the interaction of 

hurridity and temperature on insects. The temperature and 

humidity are critical factors in sandfly ecology (Theodor, 

1936 ) yet the relationship of the interaction of these two 

factors has not been clearly demonstrated with respect to 

sandfly development. There have been few studies on the 

effect of varying humidit ies at a constant temperature or 

vi c e versa · Theodor , 1936), but none of these s+udies 

examined the interaction of both temperature and humidities 

~~ sandf!~e s . Studies on the rnicroclimate£ prevailing in 

sand f:y bree~ing and resting sites are rn~aqre. ~hilst their 
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and the microenvironment. 

5.2 Materials and Methods 

5.2.1 Ambient con~itions 

Physica: data comprising rainfall . temperature , 

relative hUiillidity and wind veloci ty were obtained each month 

from the P~rk erra Agricu ltural Research Station ( PARS ) 

located within the study area. Excepting , the soil 

temperature values which wer e recorded from November 1985 to 

October 86. Appendix 1 gives a summary of the climatic 

conditions in Marigat area for a six- year period. 

5.2 .2 Microclimatic conditions 

In order to assess the effects of soil temperature 

and soil relative humidity on sandfly variations and their 

species diversity, the te~perature and the relative humidity 
... ,. 

measurements we r e taken at different periods of the day 

during both dry and wet seasons ( from November 1986 to 

August 1 987 ). At the same time, sandflies were collected 

fro~ the investigated b reed ing pl aces. 

So i l ternpe r atLre an d scil ~oi st ure ~ere de t ected 

and ~easu r ~d by ~~ryin~ t he t~er~:s~ or s ci l c el ls in th e 
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temperature a nd r esistanc e re ad ings direct ly from the 

Soiltestmeter MC 302 Celsius model, developed originally by 

the Cal i fornia Forest and Range Experirn en~al Station. Dial 

tewperature range s were -10 oC to 44 oC and electrical 

resistance ranges f or moisture readings were 0 Ohms to 20 

millions Ohms . Moisture percentages were determined by 

re l ating resistance re adings to a calibration curve 

(resis t ance versus moisture%) for the type o f tested s oil. 

Four sites compri sing two burrows and two termite 

hills were inves tigated. Cel l s were inserted as far as they 

could be push ed into the burrow opening and in termite hill 

vent i l at ion shaft, and then , buried at a depth comprising 

between 0 and 10 centimetres. 

5.3 Results 

5.3.l Ambient conditions 

5 .3. 1 . 1 Rainfall 

During the present study period (1985- 87 ), zero 

millimetre of rainfall was recorded in the area in both 

January and February 1986. The area, then became dry and the 

soil vas fr~quently blown off by the strong evening ~ind. 

Apr~l and T un~ ~onstituted tne mon:hs ~ith hEavy rainfa:l. 
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(Appendix lb). 

Analysing the relationship between the average 

month:y rainfall and the mean of the total monthly sandfly 

collections (Figure 18), the following observations were 

made: 

1. The decrease of the sandfly population can be ascribed to 

two main factors . 

a l the dryness of the soil and 

b) the dampness of the breeding sites. 

It had been observed that a marked fall off of the sandfly 

relative abundance followed the lack of rains (dry season) 

and the waterlogging of the breeding sites. Thus, as 

indicated in Figure 18, the decrease of sandflies in January 

was due to the lack o f water in the area and the one of May 

was caused by large amount of rains which had fallen in the 

area in April; modifying the soil microclimatic conditions 

in sandfly breeding and resting sites and hence, disrupting 

the sandfly's activities as well as their larval 

development. 

2. The increase of the tot al sandfly population was 

attributed to the wet weather with moderate rains and, 

stable temperatures. Taking intc account the Figure 18 , it 

has been shown that the increase of sandfly relative 

abundance occurred at any tirne the rainfall has increased. 

The peak cf sandflies obsErve6 in ~~ril vas duE tc the f ir st 
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to the moderate rains which fell in July. Therefore, both 

sandf ly peaks were d~e to the bimodal pattern of rainfall in 

the area. 

Correlating both the total sandfly vectors and 

suspected vectors of leishmaniasis (E. martini, E· duboscgi 

and ~- inorami) wi th the rainfall {Figure 19), it was 

observed that a significant positive correlation coefficient 

was calculated (r=0 .6 0, P<0.05), indicating that at any time 

moderate rains occurred, there was a sharp increase in 

sandf ly vectors in the breeding sites. 

Analysing the rainfall ef f e=~s on the sandf ly 

collections, it was found that the positive a nd significant 

correlation coefficient existed between the rainfall and the 

sandfly relative abundance in ~ermite hill {r=0 . 729, 

P<0.007 ) (Table 19 and Figure 20). Although some sites 

presented positive correlation coefficients (r) (e.g. human 

habi tations and animal enclosures) or showed negative 

correlation coefficients (e.g. animal burrows, tree hollows 

and open field); the analys is of the significance of r did 

not reach a significant level a t both 1 and 5 percent levels 

of probability. 
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Tcible 19. Relationships between sandfly population density as collected from various 

Site 

TH 

AB 

th 

Hh 

Ae 

OF 

habitats and the environmental factors. Perkerra Irr i gation Scheme, Mar igat area , 1985/86. 

Rainfall Relative humidity Air temperature Soil temperature Wind .speed 

( 2) (1) (2) ( 3) (1) ( 2) (3) (1) ( 2) (3) (1) ( 2) ( 3) (1) 

o. 729 l.87a 3. 365 0. 694 -0.33 3.048 -0.669 9.77 2.840 -0.834 9.57 4.791 -0.327 2.35 

0. 15b P.007* 1.34 P.012 -5.06 P. 017 -5.07 P.000 -0.23 

-0.334 1.93 1.120 -0. 325 2.67 1.087 0.611 - 3.18 2.442 0.381 -0 . 60 1 . 304 0.041 l.88 

-0 . 05 P.288 -0.45 P.302 3.31 P.034* 1.66 P.221 0.04 

-0.093 2.00 0.297 -0 . 030 2.09 0. 096 -0.144 3.81 0.461 - 0.013 2.10 0. 041 0.068 1.14 

-0.02 PLO -0.06 PLO -L20 Pl.O -0 . 08 Pl.O 0.05 

0.217 1.21 0.701 0.115 0.96 0.367 -0 . 160 2. 59 0. 511 -0.050 L58 0.160 0.335 0.58 
"" 0.03 Pl.0 0.16 Pl.0 -0.88 PLO -0.22 Pl.0 0.34 

0.248 1.22 0.810 0. 040 1.15 0.127 -0.420 6.26 1.465 - 0.284 3.91 0.936 0. ::. 10 1.15 

0.05 Pl.0 0. 08 Pl.0 -3.26 P.173 -1. 77 Pl.O 0.14 

-0.029 1.45 0.092 -0 . 220 2.43 0.714 0.424 -4 . 87 1.479 0.205 -0.94 0.662 

-0.008 P.l. 0 -0.55 Pl.0 4.14 P.170 1.61 Pl.0 

TH= termite hilJ Hh= human habitation (l)= Correlation coefficient (r) 

( 3 ) 

1. 095 

f'l. 0 

0.130 

Pl. U 

0.217 

Pl. U 

l.1 21 

P . 2'i:fl 

0.3SO 

Pl.0 

AB= animal burrow Ae= Animal enclosure (2)= rearession line ( v) ~ ri= inb::.rri:>nl" h = cl ,· \r\W 
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S.3.1.2 Relative humidity (RH) 

The ambient relative humidity was recorded 

throughout the study period and their effects on sandfly 

collections were assessed. During the dry season, a 

decrease of relative humidity was observed and corresponded 

to 45.90% (maximum) and 28.80% (minimum) for January 1986 

and 44 . 50% (maximum) and 31.40% (minimum) for February 1986. 

Meanwhile, in the wet period, the relative humidity 

increased; the months of April and June gave their relative 

humidity mean values of 73.20% and 83.90% respectively. 

Both months presented high rainfall values (163.50 mm for 

April and 103.90 mm for June). However , comparing the 

monitored relative humidity values to Tropical areas' 

·alues , it can be seen that in the semi-arid as we l l as in 

the arid areas, relative humidi~y values are too low. The 

observed low relative humidity was due to high temperatures 

occurring in the area. 

Correlating the total monthly sandf ly population 

(all sites) with the relative humidity, the negative 

correlation coef &icien~s were observed for both the maximum 

and ~he minimum relative humidities (r=-0.068 for maximum 

and r=-0 .2C2 for ~inimum). Despite tne effects 0f this 

factor on the sandfl y '~ ac t1 vi: ies the student s t tes~ di d 



I 

'° Li"\ 
....... 
I 

3 

.£:. 
u 0 CL-

;a 2 --u r '"""O"""" 
uv eO .....er" 0 

• 0 
>-:;:::: 

"'O 

~ 1 

S' 

r: .Q.694 
Y = -Q.J3 • l3L.6X 
'(l, lOt 9.30 P<0-05 

_J 

50 60 70 80 
Relative humidity rt.) 

Figure 21. Scdtter diagram showing the n dat. ic 111shil>S between tlH· 

sandfly density in termite hill a 11d the ambient reL1l ive 
humidity. (Marigat area, 1985/86 ). 



-157-

Analysing the effects of relative humidity on the 

sandfly catches in every searched site, the correlation 

coefficient analysis was carried out between the a v e rage 

monthly relative humidity (as moni t ored in the areal and tne 

mean of the monthly total sandflies (as recorded from every 

investigated site ) . As indicated in Table 19, positive 

cprre lation coefficents we re observed for termite hills (r= 

0.694) (Figure 21 ), human habitations (r= 0.115 ) and animal 

enclosures (r= 0.040), while negative coefficients were 

calculated fo animal burrows (r= -0 .3 25) , tree ho l lo~s (r=-

0.003) and open field (r=-0.220). Studying the level of 

signif icance at both 5 and 1 percent levels of probability, 

none of the correlated para~eters was significant. 

5.3 . 1.3 Temperatures 

Temperatures ranging from 30 to 35oC occurred 

throughout the year during the period 1985-86 in the Marigat 

area. The highest temperatures were recorded during the dry 

season (January and February) and the beginning of the wet 

weather (March) . It also was found that during the dry 

pPriod, temperatures ranged from 32.10 to 35.00oC, while in 

the wet season, they ranged from 30.20 ~o 35 . 00 o C. 

Surpris ing ly , it was also observed that a t the beginning 0f 

the wet •ea~her high temperat~res were moL 1 t0red (35 1C 0 C1 . 

ra:.ns. 
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were monitored in June and July, months corresponding to the 

wet period. 

Correlating both the average monthly air 

temperature with the average of the total monthly sandfly 

collections (all sites), a negative correlation coefficient 

was calculated (r=-0.41), indicating a negative effect of 

air temperature on sandfly catches. The average monthly air 

tempera~ure correlated with the average monthly sandfly 

densities as collected from every searched site presented 

the following deductions (Table 19): 

1. a significant positive correlation coefficient was 

observed between air temperature and sandfly collections in 

animal burrows (r= 0. 611, F{l,10)= 6 . 24, P<0.005 ) (Figure 

22} . 

2. a positive correlation coefficient (but not significan~l 

was calculated between air temperature and sandfly relative 

abundance in the o p en field {r= 0.424). 

3. relationship between air tempe r ature and sandfly relative 

abundance in ~ermi te hills, tree hollows, human habitations 

and animal enclosures presented negative cor r elation 

coefficients (r= -0.669, P= 0.017; r = -0.144 , P= 1. 0; r= -

0.160, P= 1.0 and r= -0.420 . P= 0 . 173 respectively). None 

of ~hese r values was significant at bo~h 5 ana 1 percent 

::.eve:l~. 
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experienced higher soil temperatures ranging from 28 to 

32oC. The high soil temperatures of 32.20 and 32.65oC were 

re=orded in January and February 1986. The lowest soil 

temperature ( 27.23oCI observed at the end of the rainy 

season was due to the dampness of the soil. Thus, the 

months of June, July and August experienced low soil 

temperatures corresponding to 27.63, 27.30 and 27.23oC 

respectively . Beth air and soil temperature~ presented 

graph curves s howing the same pattern. 

Correlating the average monthly soi l temperatures 

with the average monthly total sandfly catches (all sites}, 

a negative correlation coefficient was observed , indicating 

that the soil temperature is also one of the sandf ly 

limiting factors (r=-0 . 66) . 

Study·ng the effect of soil temperature on sandfly 

relative abundance as observed in each investiga ted site , 

the following dedu ct ions may be made (Table 19} : 

1. a significant negative correlation coefficient was 

observed between s oil temperature and sandfly populatiou i n 

termite hills (r= -0.834 , F(l , 10)= 25 . 75**} (Figure 23) , 

2. posit ive correlation coefficients were calculated between 

soil tempera t~re and tr.e sandf ly population in aniwal 

~u~ro~s (r = C.3&1 ) an~ open field fr= 0 . 205 1 . 



I ...... 

'° ...... 
I 

3 

~J- n . o 0 o-
0 0 • 10.0 0 0 

2'-

i It r= -0.834 
Y= 9·57-5.075 
E •• (1,10)=25.75 

O' 
0 

....J 

27 28 29 30 31 32 

Soil temperature (0c) 

Figure 2 3. Sca tte r di.agram showing the relationship> b e tween the sandf.ly 
density i.n te rmi t e hill and the soi l t.emperett. ure. 
(Mariyat area, 1985/86) . 



-162-

~C.013), human habitations (r=-0 . 050) and animal enclosures 

(r=-0 . 284). 

5.3.1.4 Wind velocity 

A strong wind occurred in the area during the dry 

months of January and February and before the first r ains of 

March. A wind speed of 78 . 03 mile s per hour was observed in 

March. Meanwhile , the low wind speed values were recorded 

during the rainy season (Apri l to August). The lowest wind 

speed value wa s monitored in August (48.73 miles per hour), 

month corresponding to the end of the rainfall (74.31 mm) in 

the area. 

The correlation coefficients between the average 

monthly wind velocity and the monthly sandfly relative 

abunda ce as observed in each searched site (Tabl e 19) may 

lead to the following deductions: 

1. Negative correlation coefficient was observed between 

sandfly production in termite hills and the wind velocity, 

2. No significant correlation was found between sandfly 

population and the wind velocity. 
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5.3.2 The microclima t ic conditions 

5.3.2 . 1 Soil temperature 

Soil temper a ture occurring inside both the termite 

hills and animal burrows was the most stable parameter 

(Table 20). The monthly means ranged from 27.62oC to 

30.23oC in termite hills and 22 . 42oC to 27.SOoC in animal 

burrows , giving a difference (between the highest and the 

lowest temperatures) of 3oC for the ter mite h i ll and Soc for 

the animal burrows. 

In termite hills , the highest soil temperatures 

were recorded in Mar ch (30.13oC) and August ( 30.23oC ); while 

the lowest were monitored i n June (27 . 62oC). Analysing the 

Table 20 , it may be observed that: 

a ) During the dry season (November to January), high s o il 

temperatures were persistently recorded in termite hills, 

these r anged from 28.2 5oC to 28.56oC. The driest month in 

the area (January), presented the monthly mean of 28.50oC . 

b) During the wet period (March to August ), a few variations 

of temperatures were observed in termite hills. The 

beginning of the wet season (March) and its end (August} 

experienced the highest soil temperatures . The temp~ratur~ s 

o f 30 .1 3oC and 30.:3oC wer~ recorded in March and Augu s t 

.: 



Table 20. Temperature and relative humidity recorded in Termite hills and Animal burrows . 

(Perkerra Irrigation Scheme, Marigat area, 1986/87) 

Termite hill Animal burrow Ra inf all 

Temperature (°C) Relative humidity(%) Temperature (Oc) Relative humidity(%) (rrm) 

Range Aver. Range Aver. Range Aver. Range Aver . 

1986 Nov. 27.87-29 .25 28.56 15.50-27.00 21.00 26. 56-26 .97 26.76 1.00- 5. 00 3.50 22.40 

Dec. 28.25-28.25 28.25 16.00-25 .00 20.00 27.00-27.50 27.25 13.00-19.50 16.00 10 . 90 

1987 Jan. 24. 50-31. 00 28 . 50 1.00-45.50 22.00 - - - - 2. 60 

Mar . 28 . 50-31. 00 30.13 19.50- 28.50 23.00 26.00-30.00 27.50 1.00-19.50 8.00 19.80 

Apr. 24.00-29.00 26.75 19.50-44.50 39.50 24 . 00- 29 .00 25.50 25.50-45 .50 39.00 133 . 50 

Jun. 27.50-27.75 27.62 44.50-47.50 47.00 24.00-25.00 24.33 46.50-48.50 48.00 127.30 

Aug. 29 .66-31 .66 30.23 19.50-42.50 36.50 21.66-23.00 22.42 21.00-36.00 28 . 50 31 . 50 

Average 27.18-29. 70 28.58 19.50-37.50 30.00 24.87-26.91 25.62 18.00-29.00 24.00 49 . 71 
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26.75oC in April, a month with heavy rainfall (133.50 mm). 

In June a temperature of 27 . 62oC was recorded. 

c) An average monthly soil temperature of 28 . 58oC was 

mo~itored from the termite hills. 

In animal burrows, the highest soil temperatures 

were recorded in March (27.50oC) and its lowest were 

monitored in August (22.42oC}. Analysing the means of 

monthly temperatures as recorded from this site (Table 20), 

the following observations may be made: 

a) The high temperatures were observed during the dry season 

and the beginning of the wet period. 

b During the wet season , the s oi l temperatures decreased . 

The high rainfall which occurred in the area in April and 

June caused the soil to become wet and thus, influencing the 

soil temperature to decrease. Despite the decrease of the 

rainfall at the end of the rainy season (August), the lowest 

soil temperatures were still recorded (22.42oC). This was 

due to the high accumulation of the wetness into the soil of 

burrows. 

~) An average monthly soil temperatures of 25.62oC was 

observed in animal burrows . 

In general , the soil temperatures recorded frorr 

bc:h :ermite hills and anima: burrows . fo~ l owed ~he same 

~ a:t~rL ac :~s ODE 8f ai_ te~pe r a:~rE. Si n :e th~ :o~ so:: 



- 166-

animal burrows, termite hills therefore experienced high 

temperatures than animal burrows. A difference of 2.96oC 

was observed between the average monthly soi l temperature 

from termite hi l ls and the one recorded from animal burrows. 

The large amount of water received by the soil 

caused the wetness of the breeding si t es and hence the 

decrease of its temperature. Moderate rains , did. not 

contribute to the soil temperature decrease , and inversely, 

it influenced its increase . An accuracy estimate of the 

soil temperature from the air temperature in this area , 

could be the mean monthly air temperature plus 3oC for t h e 

termite hills a nd the mean monthly air temperature plus Goe 

for the animal burrow . 

Comparing both rainfall data and soil temperatures 

as recorded from termite hills and animal burrows (Table 20 

and Figure 24) , the following observations may be made: 

a) a decrease of rainfa l l was followed by an increase of 

soil temperatures in both habitats . The , high soil 

temperatures recorded in March , followed a decrease of rains 

in that partiru lar month. 

b) Conversely, an increase of rains in ~he area was followed 

by a decr~ase of soil temperatures. April experienced tigh 

rainfall, which was followed by a decrease 

tempera~ures ir termite h1lls as well ~ s in animal burrovs 
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an increase of soil temperature in termite hills, but with a 

soil temperature decrease in animal bur row . 

5 . 3.2.2 Soil relative humidity 

The relative humidity of the soil recorded in bo~h 

the termite hills and the animal burrows were characterized 

by frequent instability during our recordings (Table 20). 

The average monthly relative humidity ranging from 20 to 47 

percent in termite hills and 4 to 48 percent in animal 

burrows were observed respectively. These results show that 

in a semi-arid area, the percentage relative humidity in 

both sites did not exceed 50 percent , and therefore , the 

sites were not satura~ed during the present period of 

investigation. 

The highest relative humidity recorded in termite 

hills was observed in June {47.00 percent), while the lowest 

was monitored in December (20.50 percent). As indicated in 

Table 20, the dry season presented low relative humidity 

values, while the wet period showed high percentages. 

Meanwhile, ~he month of November to March experienced low 

percentages of relative humidity ranging from 20 to 23 

percent, and the one of April to August se~med to maintain 

goo1 quantity of moisture co~tent in~o the soil (36.50 to 47 
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exposed termite mounds . The slight decrease of relative 

humidity during August (36.50 percent) was due to the 

decrease of rains in the area. A difference of 26.50 

percent was observed between the month with t he highest a n d 

the lowest relative humidity. An average monthly relative 

humidity of 30 percent was monitored from the termite hills. 

Relating the relative humidity r ecorded from 

termite hills to the rainfall (Figure 24) , t he following 

observations may be made: 

a) The slight increase of relative humidi~y in termite hills 

(21 to 23 percent) was due to moderate rains, which occurred 

in the area, 

b) The sharp increase of relative humidity observed ~n April 

and June were due to high increase of rains , 

c) The pattern of the relative humidity curve followed the 

ones of the rainfall. 

During the dry season the relative humidity values ranged 

fr om 3 .50 to 16.00 percent, while during the wet period, 

values ranging from 39 to 48 percent were recorded . The 

lowest relative humidity value was recorded in November 

(3.50 percent ) , whilr the highest was observed in June (48 

percent}. Both, November and June corresponded to the dry 

and the wet season respectivel y . 

:n an i rr al b urrows the diff eren c e o f 4 4. SO p e r c e n : 
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lowest relative humidity . This value shows that, during the 

dry season , burrows dry up and regain their normal 

microclimate (relative humidity) during the wet period . 

Recordings in animal burrows covering both periods (November 

to August), presented a monthly mean soil relative humidity 

of 24 . 00 percent. 

Analysing the relationship between the ra infa l l and 

the relative humidity as recorded from the animal burrows 

(Figure 24), the following observations may be made: 

a ) Except in November, both rainfall and relative humidity 

presented the curves showi ng the same trend, 

b) The decrease of re l a tive humi dity during the dry season 

and at the end of the rainy season was due to a decrease of 

the rainfall , 

c ) The increase of relative humidi ty ( from April) was 

attributed to high increase of rainfall. 

5.3.2.3 Relationships between sandflies and soil 

microclimates 

In order t o s tudy the re l ationship existing between 

sandflies and the microclimates (t emperatures and relative 

humidity) occurring inside their breeding a~d r e s ting s ite s 

sandflies {o f both P~lebotomus and Se~gentc~via genera) WE~e 

ccl:ected in both ter~ite ~il l 2 and a~imal burr~t·2 during 

the period the microc: ~ ~ate~ w~re recor~~6 !Ta~ ·~ :~ 
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Table 21. Phlebotomine sandflies as collected from termite hill and animal 

burrow and the microclimates as recorded from the same habitats. 

(Perkerra Irrigation Scheme, Marigat area, November to August 1987). 

Period 

1986 Nov. 

Dec. 

1987 Jan. 

Mar. 

Apr 

Jun. 

Aug. 

Average 

Sandfly group (*) Microclimates (*) Rai nfall(* 

Termite hill Animal burrow Termite hill An. burrow 

p s Tot. p s Tot . T°c RH{% ) ToC RH(% ) 

1.12 2.74 2.75 1.61 2. 32 2. 39 1.45 1.32 1.42 0.50 1.32 

0.91 2.37 2.38 1.64 2.46 2.52 1.45 1.31 1.43 1.20 1.03 

1.04 2.62 2.63 - 1.45 1.34 0.41 

1.00 2.73 2.74 1.59 2.59 2.63 1.47 1.36 1.43 0.90 1.29 

1.12 2.78 2.79 1. 70 2.53 2.59 1.42 1.59 1.40 1.59 2.12 

0.60 2.80 2. 81 1.38 2.42 2.46 1.44 1.67 1.38 1.68 2.10 

0.38 2.89 2.89 1.66 2.48 2. 54 1.48 1.56 1.35 1.45 1.49 

0.88 2.70 2.71 1.59 2.46 2.52 1.45 1.45 1.40 1.22 1.39 

{*) : Values are expressed into log. transformation (log n) 

P= Phlebotomus group 

S= Sergentomy1a group 

Tot .= total sandflies . 

T= t emperature 

RH= relative humidity 
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Table 22. correlation coefficient between sandfly density and the 

microclimates as recorded fran sandfly breeding and restinq sites 

(Marigat area, November 1986-August 1987). 

Termite hill 

sandfly group 

Phlebotarus 

Sergentanyia 

Total sandfl i es 

Tenperature 

r=-0.511 

P=0.2409 

r=0.144 

P=0.7566 

r=0.131 

P=0.7782 

r= correlation coefficient 

P= probability. 

Rel.humidity 

r=-0.570 

P=0.1813 

r=0.663 

P=0.1043 

r=0.663 

?=0.1044 

Animal burrow 

Tenperature 

r=0.140 

P=0.7903 

r=0.056 

P=0.9157 

r=0. 063 

P=0.9046 

Rel.humidity 

r=-0 . 216 

P=0.6807 

r=0.339 

P=0.5103 

r =O. 311 

P=0.547 
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Correlating both sandf ly relative a bundance 

(Phlebotomus and Sercentornyia spec ies) with the 

microclimates {temperatures and relative humidity); the 

following observations may be made (Table 22): 

Correlation carried out between sandflies o f the Phlebotomus 

group ( ~. martini and ~. duboscgi) and the microclimates 

prevailing inside sandfly breeding and resting sites showed 

that: 

a) In termite hills, the correlation coefficients presented 

negative values for both temperature (r=-0.511, P=0.241 ) and 

relative hurndity (r=-0 .570, P=0.181). 

b) In animal burrows, a positive correlation coefficient was 

observed for temperature (r= +0.140, P= 0.790), while a 

negative correlation coefficient was calculated for the 

relative humidity (r= - 0.216, P= 0.681) . 

Although, no significant correlation coefficient 

was observed between the Phlebo tornus species and the 

microclimates occurring inside their breeding sites, soil 

temperature and soil relative humidity remain the factors 

regulati r g the sandf ly population densities . 

Also , besides its low population, the Phlebotomus species 

seemed to b€ highly collected in the an imal burrows than in 

termite hills. Their monthly means (da ta transformed ~ nt c 

~agarithms) were l 59 sandflies i : &ni~al burrows a~d 2.83 

~and~lies in ter7i tE t~lls !Table 21:. 



-174-

the number of Phlebotomus species in burrows was twice the 

number collected in termite hills. 

The relative abundance of Sergentorey ia spec i es was 

correlated with the rnicroclimates recorded in their breeding 

and resting sites. Analysing the results (Table 22 ), it has 

been shown that : 

a ) In termite hills , positive correlation coefficients (r) 

were observed for both temperature (r= +0.144, P= 0.757) and 

relative humidity (r=+0.663, P=0.104). Although, r was 

positive for ooth parameters, none of them presented a 

s ignificant level . 

b) In animal burrows , positive correlation coefficients for 

both temperature (r= 0.056, P= 0.916) and relative humidity 

(r= 0.339, P= 0.510) were observed , 

for animal burrow . 

for temperature and 

Studying the level of significance of r in burrows; 

it was seen that besides both factors showed a positive 

correlation, none of them reached a significant level. The 

positive correlation confirmed that the temperature and the 

relative humidity regulate the population of the 

Sergentomyia species in their breeding and resting sites . 

Correlating the total sandf :y population 

. Ptle bo~ornus end Seroentomvia species) a~d :he 

~ icrocli ~Etes, it was sEen that posi t ive but not significant 
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correlation coefficients were calculated for temperature and 

relative humidity in both termite hills and animal burrows. 

Therefore , in termite hills; r= 0.131, P= 0.778; r= 0.663, 

P= 0.104 for temperature and relative humidity respecti vely 

and in animal burrows, r= 0.063, P= 0 .905; r= 0.311 , P= 

0.547 for temperature and relative humidity respectively. 

5.4 Discussion 

5 . 4 .1 Ambient conditions 

5 . 4.1.1 Rainfall 

The tendency for every sandf ly species to increase 

in number during one or both seasons depends on its ability 

as well as on its adaptaoility ~o the local conditions. 

Thus, the density of species of the Phlebotomus group, 

increased during the wet weather, their population density 

declined during the dry period. The high population of both 

Phlebotomus martini and ~- duboscgi was recorded in April, a 

month with heavy rainfall. Wijers and Minter (1962} stated 

that in Baringo area, a quite large numbers of f. martini 

were found during the wet seasons. For the Sergentornyia 

species the density increase was cbserveo d~ring the we~ 

season an6 its d~cline co~ld be seen during ~he dry p~rio~ . 

µ ... "·- e ~ .. : e :· 
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there was an increase in the relative abundance of 

Sergentomyia antennatus and ~. bedffordi at the beginning 

and the end of the wet weather, with a decrease in the 

middle of the wet seas on and during the dry period. ~ijers 

and Minter (1962) noted that most of sandflies decrease in 

n umbers in the middle of the rains . 

Climatic factors , particularly rainfall, appear to 

have important effects on the gross distribution and local 

abundance of sandflies (Minter , 1964c). Dransfield et al. 

(1982) noted that climatic factors and host availability are 

likely to determine the changing pattern of t he distribution 

and the abundance cf Glossina. 

Howev er , termite hill microhabitat produced large 

numbers of sandflies during the wet season, wh i ch decreased 

during the dry season. The a n imal bur rows on the other 

hand, kept an equal capture rate during both dry and we t 

seasons. Tree hollows experienced high sandfly population 

during the dry season , which decreased during the wet 

weather . The relative abundan ce of sandf l ies in human 

habitations, animal enclosures a nc open field was higher 

during the dry season than the wet period. Foster (1972ai 

stated tha t tte most protected sites (e.g. burrows, tree 

holes ; p~esent a lirrited dec:ine or do not show a no~iceab!e 
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factors may i nfluence the number of sandflies year by year. 

Considering the total sandfly population, the two 

major peaks of abundance occurred in April a nd August, 

months corresponding to heavy and moderate rains 

respecti v ely . Foster (1972b), observed t he same trend of 

sandfly fluctuations in Ethiopia. Minter (1964b) pointed 

out that an increased incidence of sandf lies corresponds 

with the period of maximum rainfall. The decrease of the 

sandfly population during the dry period and a month after 

heavy rains was probably due to changes caused by the 

dryness of the soil as well as by its dampness. Both 

factors {dryness and dampness) could produce changes in 

edaphic condi t ions by modifying the rnicroenvironment 

occurring inside the sandfly breeding and resting sites a nd 

therefore , kill or wash away eggs, larvae and pupae. 

Sandf ly larvae and pupae are known to be extremely 

susceptible to dryness as well as to excessive dampness 

(Chaniotis et a l. , 1971a ) . Although, there was a reductior. 

of sandfly densities during the dry season, thi s did not 

bring any complete disappearance of sandf lies indicating 

that breeding was continuous in well-protected sites ( :. g. 

animal burrows), where evaporation of the soil moisture is 

slow. In Pa~ama, Thatcher (19 68b t, ncted t ha t during che 

dry weather. sandfly tree~ing is reduced eve~ on the forest 

E: l i rr: :.. r~ e t. E: d . 
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heavy rainfal l results in a brief but sharp fall in 

population density (possibly due to drowning), while , 

conversely, during the dry season a shower of rain led to a 

brief but sharp increase in popu l ation . I~ Panama, 

Chaniotis et al. (197lb) stated that the steadily decline of 

sandfly population density has resulted from heavy rainfall. 

He noted that the sandf ly population was usually much lower 

in the dry season and reached a peak just before the wettest 

month of the year. Thatcher and Hertig (1966) pointed ou~ 

that the sandfly populatior. density declines gradually 

during the dry season . 

The peak of abundance observed in April . a month 

after have started the rainfall may represent a dominant 

emergence rythms . This suggests that a preimaginal 

development time of four to five months , with two 

generations per year may well be correct for the Marigat 

area. Foster (1972b) observed two generations per year for 

sandflies present in Ethiopia. This situation can be 

related to all breeding sites, although some sites showed 

their peaks during different periods of the year. 

To accurately estimate the apparent relationship 

beLween sandfly abundance a~~ t he macroc:imates as wel~ as 

~he m i croc l 1ma~es , the ana ~ys1s o f the corre l a~i ~n 

:oeff i : :ent ~2 s =ar ~ ie d ~u : . ~lt h oug~ a ~os~ ti ve 
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rainfall and the mean monthly sandfly relative abundance, a 

significan~ level could no~ be reached. This suggested that 

the increase of the sandfly popula tion was not direct~y seen 

during ~he month where an increase of rains cccurred but it 

was observed later on. Beach et al. (1983) noted that 

sandfly species accomplish their life span within a period 

ranging from 31-69 days (depending on the species). W.H.O. 

(1984 ), stated that the normal t ime from egg-laying to the 

emergence of adults ranges from 35 to 60 days. 

Nevertheless, the positive relationship between sandfly 

catch and rainfall indicated that a geometric increase in 

sandfly relative abundance accompanied a rise c f rainfall. 

Haddow (1942) observed the same relationship between 

mosquitoes catches and rainfall in Kisurnu. However, two 

species of sandfly uectors of leishmaniases (Lariviere e t 

al . , 1961; Minter and Wijers, 1963; Mutinga and Ngoka, 1978; 

Mutinga , 1986a and b), Phlebotomus martini and f . duboscgi 

presented a significant positive correlation coefficient 

once correlated with rainfall. This suggests that in the 

Marigat area, the high incidence of the diseases 

(leishrnaniases } occurs during the rainy season. In Kenya, 

there is a close correlation between the ~pring rainfall , 

t he increased population o f sandflies (E . martini) and 

subsequent ou:break cf visceral leishmaniasis (Mckinnon, 

1962· Southgate, :9~7; Lewis and Ward, 1927 1 • Char;ioti~ et 
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rainfall which acted by modifying the breeding conditions in 

the ground. In French Guyana , Le Pont (1982) reported that 

the dynamics of the man-biting flies (Lutzomvia umbratiiis 

Ward and Fraiha) fluct uat ed in close correlation wi t h rains. 

Rain was beneficial to the sandf l ies when it occurred in 

moderate a mount s and was evenly distributed, but it b ecame 

detrimental when it inundated the ground. Min t er (1964c) 

stated that the pattern of rainfall dis t ributior. has more 

influence on the seasonal inc~dence and relat i ve abundance 

of most sandfly species than the tota l amount of 

precipitation. He concluded that rainfall increases the 

length of life of adult flies and hence the reproductive 

turnover . The seasonal fluctuations of sand flies are 

closely associated with the rainfall and it would appear 

tha t a monthly rainfall above 200 to 250 mm is preJudic~al 

to some species of sand flies (Shaw and Lainson , 1972). 

5.4.1 .2 Relative humidity 

Due to high temperatures prevailing in the Marigat 

semi-arid area, low values of relative humidity were 

monit ~red . Although no significance level was found , t he 

correl a tion coefficients between the sandf l y catches in 

~very inve$tigated site and the a verage mon~hly r elative 

humid i ty presented pos~ti ve ccrrela t icn for ter~ite hill s, 



- 181-

. 
tree hollows and open field. Killick-Kendrick (1987) 

reported that peridomestic sandf ly species from both the Old 

and New Worlds are more t olerant to low humidity. 

5.4.1.3 Temperatures 

There was no evident correlation between ambient 

temperature and the total sandfly population {all 

investigated breeding and resting places). Quate {1964) 

reported similar observations while work i ng on sandf lies of 

the Paloich area. Although no significant correlation 

coefficient was observed between temperatures (of air ) and 

the total s andf ly population, its negative nature indicated 

that this parameter has a detrimental effect on the 

productioL of flies from their breeding sites . However . 

high ambient temperatures have negative effects on 

sandflies. Killick- Kendrick (1987) noted that the optimum 

temperatures in sandfly habitat will be similar to ambient 

temperatures in the range of 23-30oC. 

Correlating both the air temperature and the 

sandf l y population in the in .. estigated sites, it was shown 

that this parameter has a positive effect on sandfl y 

population i~ animal burrows and oper. field, wni le it 

pr~sentec a negativ~ e::ect on sandflie£ i~ termite hills 
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coefficient was found between air temperature and sandfly 

relative abundance in the animal burrows. 

5.4.1 . 4 Wind speed 

Marigat semi-arid area experiences a high wind 

speed throughout the year. It was seen that in this area , 

the high wind speed occurred between 1500 and 1700 hours . 

At this t ime, sandflies were still in their resting sites 

and their flying activities started normally around 1800 

hours . Therefore, it was observed that even during the 

month with strong wind, sandflies were still being caught in 

large numbers. This was due to the fact that the winds 

occurred in the area three hours before the sandflies 

started living their resting sites . The correlation between 

the wind speed ano the sandf ly collections in the 

investigated sites did not show any evident relationship. 

In Paloich area , Quate (1964) reported that there was no 

evident correlation between wind a nd sandfly activity. 

5.4.2 Microclimatic conditions 

5.4.2.1 Soil temperature 

The ou ~ E t anding f eat ~r E f ~r t~~per a ~ u~ ~s w ~s ~ne 

l ~. ss 
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higher in termite hills than in animal burrows. A range of 

2~ to 30oC was observed in te~mite hills, with a monthly 

average of 29oC, while in burrows, a range of 25 t o 27oC was 

seen , with a monthly mean of 26oC . Thus , there we re no 

marked differences between soil temperatures {3oC) in both 

microhabitats. The highest temperatures were observed at 

the end of the dry season and the beginning of the rainy 

period in both termite hills and animal burrows. The month 

of April presented a decrease in termite hill temperatures, 

which remained high for animal burrows. The lcwes t 

temperature value in burrows was monitored at the e nd of the 

rainy season. The decrease of the soil temperature in 

burrows at the end of the rainy period was probably due to 

the high accumulation of moisture in the investigated 

b~rrows. Temperatures in both termite hills and animal 

burrows therefore , do not vary greatly from that of the 

outside air. Longanecker and Burroughs {1952) and Mi tchell 

(1971) noted that the mean monthly temperatures do not 

differ greatly inside and outside burrows. Mutinga (1972) 

stated that te~peratures of between 24oC to 29oC were 

optimal fo r the development of intermediate stages of 

Phlebotomine · andflies. Foster et al. ( 1970) pointed out 

that the hatching time (egg to adult ) of Phlebotomus 

lcna~pes is longer (100 days) when temp€ratures are low ~8 

~o 20oC l and shorte r (53 days • when tern~ er at~r~s &r e r-1q~Er 
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(range 8 to 13 days) at temperature of 26 to 28oC . 

5 . 4.2.2 Soil r elative humidity 

The increase of relative humidity in June could be 

ascribed to the accumulatjon of moisture c ontent in t he 

sandfly breedin g a nd res t ing p l aces; i ts d ecr e ase was 

related to less r a i ns wh i c h h ad fa l len i n t h e a rea. Th e 

slight decrease ob~erved in August was due to che decrease 

of rainfall in the area . In general , these results {Table 

27), have shown that in a semi-arid area , the p e rcentage 

relative humidity in both termite hills and a n i mal burrows 

has never saturated. A relative humid i t y of 9 0 t o 1 0 0 

percent was never recorded . 

The relat i ve humi d ity increase and / or d ecrease 

inside sandfly microhabitat was inversely p roportional to 

the amount of rainfall which had fallen i n t he area . The 

percent age relat i ve humidi t y values has shewn t h at in both 

termite hills a nd animal burrows , moisture c o n t e nt has never 

been saturated . A range of 20 to 4 7 and 4 to 48 percent 

relative humidity were recorded in termite h i l ls and a nimal 

bur rows respec tive l y . Th e r elative humidity wa s f ound t o b e 

the mi crocl i~at e vari a ble mos t s ubJect to ma r ked changes. 

This i s probat-ly due to the air 2. boue t.ni:: g round (ambien: 
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to get much drier. Haas (1965) noted that in arid 

localities, air in burrows can be considerarly drier t han 95 

percent. On the other hand , the ventilation of ambient air 

caused drying of air in termite hills and bu" rows {wh ich 

remained unsealed) and hence reduced its soil moisture 

content. Haas (1965) pointed out that the air entering the 

burrow would be saturated at night and rarely as dry as 50 

percent relative humidity during the warmes~ hour of the 

day. 

Comparing the mean re l ative humidity of bur rows and 

terrr.ite hills with t h e mean relative humidity of the 

atmosphere outside , it was observed that both sites 

presented lower values in most cases. This would lead one 

to expect that atmospheric rela t ive hum~dity would affect 

both the relative humidity inside termite hil ls and anima l 

burrows as well as the sandfly activity patterns. 

The combination of both moderate soil temperature and soil 

relative humdity makes the termite hills as well as the 

animal burrows to harbour a large variety of small and large 

rodents, birds and lizards, and hence, stimul ates the 

~ui t ability of both habitats for continuous breeding by 

sandflies . 

The recorded temperatures a~d relative humid~ty 

t~r a few sa~d fl ~ s ~c1~s 
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and Chaniotis et al. {1971a) pointed out that sandfli e s were 

active over a wide spectrum of temperatures ra~ging f rom 12 

to 28oC and of relative humidity ranging from 20 t o 100 

percent. They then, noted t~at high temperatures prevent 

early activation of sandflies. Meanwhile, lab- reared adult 

sandflies (Phlebotomus duboscgi) have been maintained at 

room temperature of 25oC and 80 percent relative humidity 

(Mutinga et al. , 1987 ). Silverman et al. (1981 ) noted that 

longevity of adult of Ctenocephalides felis {Cat flea) was 

affec ted by conditions of temperature and relative humdity. 

They observed that longevity increased with increasing 

relative humidity and decreasing temperature and reported 

that cat flea has l ower and upper temperature limits for 

development (egg to adult} ranging from 13 to _ 32oC, with a 

50 to 92 percent relative humidity. However, Hussein and 

Mustafa (1987) studying the effects of different 

temperatures and relative humidity regimes on the 

reproduction development of ticks noted that Rhippicephalus 

simus proceed well at temperature ranging from 15 to 38oC, 

with 85 z 2 percent relative humidity. Theodor (1936) 

stated that temperatures under lOoC or more than 40oC may be 

considered as definitely unfavourable for adult sandflies 

(Phlebotornus oapatasii), although their larvae can stand 

lower tempera'tures . The larvae die at 42oC. Sil verman et 

al. 11981 : reported th"1t. ::.emperatu:res above: 35oC were :!.et.ha l 
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. 
except the pupa, suggesting this stage is most likely to 

survival extended periods in cool dry climates . Quate 

(1 964), pointed out that sandflies do not become numerous 

until about March a~ter the hot , dry weathe r ha s begun an~ 

the average maximum temperature exceeds 35oC. He then, 

noted that sandflies diminish or disappear as rains 

commence . Owing to Quate's observations, the Paloich 

situation is quite different from the Marigat ones . 

During the present observations, days with hot morning and 

evening did not yield many sandflies. In Jerusalem, Theodor 

(1936) noted that in nature, at a temperature of 30oC , the 
•t 

whole cycle of developement from egg to egg takes about 36 

days . He stated that larvae of sandflies are ad apted to 

life in moist soil and are extremely sensitive to 

dessicatior.. Rutledge and Mosser (1972), pointed out that 

in the rain forest soil of Panama, the average moisture 

content was 48 percent during the rainy season. Studying 

the life cycle of Phlebotomus ped i fer in the laboratory, 

Mutinga (1972) pointed out that temperatures ranging from 24 

to 27oC and relative humidity ranging from 52 to 75 percent 

are required. He noted also that in the caves of Mount 

Elgon , temperatures ranging from 18 to 19oC and relative 

humidity ranging from 72 to 92 percent were nece ssary for 

the development of f. pedifer. However. both temperat~res 

and reiat:ve numicity ins~de sandf l y breedin~ aL1 rest:ng 
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5.4 . 2.3 Relationships between sandflies and the s oil 

microclimates 

Correlating the soil temperatures a~d soil relative 

humidity with the total sandfly population as prevailing in 

termite hills and animal burrows, positive correlation 

coefficients were noted. Although, the student's t test did 

not reveal any significant level, the observed pcsit ive 

correlation coefficients suggest that both temperature and 

rel ative humidity have positive effects on sandflies inside 

their microhabitats. 

From our point of view, the data gathered indicate 

the remarkably flexible ability of Sergentomyia and 

Phlebotomus species to breed extensively in the diverse 

situa tions that occur in the Marigat semi-arid area . which 

may have been related to progressively increasing 

temperatures and low relative humidity in bo th termite hills 

and animal burrows. Theodor (1936), noted that the climatic 

conditions in sandfly breeding and resting sites during the 

day, will even in hot climates very rarely attain values 

unfavourable to sandflies , and the lower temperatur< and 

increased humidity at night provide tolerable conditions for 

sandflies even in the hottest and driest climates. Bettir.i 

and Melis :: 968 ) repo~ted that ~oisture an~ temperat~re a re 



CHAPTER SIX 

SOIL CHARACTERISTICS AS FOUND INSIDE SANDFLY 

BREEDING AND RESTING SITES 

6.1 Introduction 

Studies on soil features occurring inside sandf ly 

breeding and resting sites are scanty (Bettini and Melis, 

1988) although soil chemical and physical characteristics 

could probably play major role in regula~ing sandfly 

population density . Hanson (1961) noted that sandflies have 

received much attention because of their transmission of 

Leishrnania and other disease organisms, surprisingly little 

is known of their breeding places . However, W.H.O . (1984) , 

emphasized the study of soil structure as a tool in 

understanding the epidemiology of leishmaniasis. In fact, 

immature stages of sandf lies live in soils and usually are 

subject to the presence or absence of soil nutrients, soil 

moisture, soil reaction, organic compounds as well as to the 

soil texture. Schlein et al., (1982 ) in his studies on the 

cutaneous leishmaniasis in the Jordan Valley, noted that the 

differences in sandf ly populations migh~ have resulte~ f rorn 

larval breedin~ ~~nditio~ s mai~ly ~h e soil qual~tiss 

, c (J - . 
..... -~ · .... ; ~ : 



-190-

properties of termite mound soil and surrounding soils is 

meagre. Soil characteri stics as found inside sandf ly 

animal burrows, t ermite hills and under-vegetation in 

rel a tion to the sandfly production from both sites are 

reported. The animal burrows and the termite hills 

constitute the most important sandfly breeding anc resting 

places in the Marig a t area and the r efore, formed t h e basis 

of t h e present inves tigation. 

6.2 Materials and Methods 

6.2.1 Collections of soil sampl es 

Soil samples were col lected from termite hills , 

animal burrows and under-vegetation {comprising tree 

holes / hollows and the base of trees) at a depth ranging 

~etween 0 and 10 cm. This depth h as been considered 

su i table for sandfly larvae as it contains the organic 

matter s and other nutritive materials (Hanson, 1 961; 

Perf i l'ev,1966; Thatcher, 1968b ; Rutl edge and Mosser , 197 2; 

Mutinga, 1972). Thirty soil samples with an average of ten 

samples per each type o f site were exarined, tested and 

ana~ysed during the study period . Every sample was weighed, 

sea:ed in a polythe ne s heet and preserved in a dark place 

before oein~ sent tc the laboratory for exa~ination an d 
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6.2.2 Analyses of soil samples 

For the chemi c al analyses , the following 

det e r minations were ca r ried ou~: soil reaction s (pH ), 

organic carbon (Ci, available phosphorus ( Pl , total ions 

such as calcium (Ca), magnesium (Mg) , potassium (K } and 

sodium ~ Na ) . The physical analyses comprised moisture 

content and texture ( sand , silt and clay ) . Soil samples 

analyses were carried out by the National Agriculture 

Labo ratory (NAL} of the Kenya Ministry of Agriculture. 

6.3 Results 

6.3 .1 Chemical characteristics of the soil 

Soil reaction (pH ), o rgan i c carbon , calcium, 

magnesium , manganese , potass ium, sodium and the phosphoru s 

constituted the chemical characteristics e xamined and 

analysed in both investigated sites (Tables 23 and 24 ). 

Sodium and manganese (for the dry season soil samples) and 

ca lciuni ( for the wet season soil s amp l es ) showed highly 

significant differences between sites. The v ariance ratios 

(F ) f or t he highly significant parameters were 9.27 ( fo r 

sodiumi. l 1 .4 t' (fer mangane se ) and 9.67 •. f or calcL1m ) . The 

5 percent poin t correspond ing t o ~ and 12 deg~ees c f freedorr 
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'l'able 23 . Analysis of Vdriance of the transformed data of the chemical characteristics 
of soil samples collected from sandfly breeding and resting sites. 

(Marigat area, February 1986). 

Source of 
variation 

Between sites 

Within sites 

df 

2 

12 

LSD on transformed 
data (at 5%level) 

Untransformed means 

'l'ermi te hill 

Animal burrow 

Vegetation site 

pH 

MS F 
x10-3 

Organic 
carbon 

MS F 

1.60 5.23* 16.45 0.91 

0.31 18.07 

0.78 

6.90 a 1.53 

7.71 a 0.75 

7. 20 a 3.26 

* Significant at 5 percent level 
** Significant at 1 percent level 

Calcium Magnesium 

MS F MS F 

10.63 3.34 4.12 2.45 

3.18 1.68 

12.72 4. 14 

14.64 4.91 

11.36 3.66 

Manganese 

MS F 

3.17 17.48** 

0.18 

0.58 

0. 87 a 

0.99 a 

0.54 b 

Means with same l etter (for significant F) do not differ significantly at 5%level. 
Test carried out on transformed means. 
MS= mean square, F= variance-ratio. 

Potassium 

MS F 

27.47 3.65 

7.52 

1.19 

1.90 

3.98 

Sodium 

MS p 

---- -- --·-
Phos1•ill >!"i1:;; 

HS f 
x10 - J 

--... -----·-·- -- . -
1. 72 9.n** 4. :.w l . ·15 

0.19 3. J3 

0.58 

-- -------·-

o.n a 24U. tHJ 

0.90 a 2o l. UO 

0.56 b rn. tiu 

------·-· -
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Table 24. Analysis of variance of the transformed data of the chemical characteristics of 
soil samples collected from the sandly breeding and resting sites. 

(Marigat area, June 1986) 

Source of df Soil --Organic Calcium Magm~-sTurn Manganese Potassium 
variation reaction(pH) carbon 

MS F MS F MS F MS F MS F MS F 
xio-3 

Between sites 2 2.25 1.69 21.10 1.60 43.95 9.67 ** 1.36 2.61 0.07 0.19 10.87 1.94 

Within sites 12 1.33 13.21 4.55 0.52 0.38 5.60 

LSD on t ransformed 2.93 
data (at 5% level) 

Untransformed means 

Termite hill 6.44 0.99 16.56 a 2.78 0.56 1.16 

Animal burrow 7.16 0. 42 22.00 b 3.50 0.51 l. 77 

Vegetation site 7.08 2.63 24.72 b 3.20 0. 47 2.88 

** Significant at 1 percent level 
Means with same letter( for significant F) do not differ s ignificantly at 5%. 
Test carried out on transformed means. 
MS= mean square, F= variance-ratio. 

Sodium -- r>iio.::>iXi7~:::-· 

--- _,.. ... -·- - · .. -

MS F' MS 1" 
x10-3 

0.85 l. 92 0.20 l 

0.44 0. ~>4 

... . ·--

0. 70 24.80 

LOO 24.50 

0.90 17 . 80 
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The soil reaction (pH), presented a significant 

difference between sites, wi:h a variance ratio \Fl of 5.23 

(Table 23). The F (2,10 )degrees of freedom at 5 percent 

level gave a value of 4.10 (l esser than the calculated ), 

while the 1 percent level gave a value of 7.56 (higher than 

the ones calcula ted) . Thus, the soil reaction {pH ) can be 

described as significant between sites at 5 percent lev el 

(during the dry seasoni . Testing its difference between 

pai rs of si te s using the Least Significant Difference (LSD), 

no significant difference was observed . For this reason, 

the soil reaction of samples collected from burrows, termite 

hi:ls and under-vegetation did not differ significantly at 

the 5 percent level (Table 23). 

From the analyses of the two highly significant 

parameters between sites, the following observations were 

made (Tables 23 and 24): 

1 . SODIUM (Na). 

The treatment-means between t e rmite hill and 

vegetation habitats differed by 0.76, a value greater than 

the least significant difference ( LSD5%= 0.58). Thus. both 

termite hills and vegetation sites differed significantly at 

the 5% level of probability in sodium content. The mean-

di!f erence observe d between a~ima l burrows &nd the 

vegetdtion sites was 1.15 . gr~ater ~nan 0.58. For :.bis 

= ;"' : ...... _ ·":J -
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ar.d termite hills , a mean d i ff erence value of 0.39 lesser 

ttan the LS~ at 5 per cen t level correspondiilg to t(0 . 05, 

12} = 0 . 58 was calcula~ed . This showed that ~oth sites d i d 

not diffe r signi f icaLtly at t h e 5% level . 

2 . MANGANESE (Mn) .. 

The mean difference between animal burrows and 

termite hills gave a value of less than the LSD at 5% level 

(0.38<0 .58 ). For this reason, animal burr ow and termite 

hil l did not differ significantly at the 5% level. 

The animal burrows and the vegetat i on sites presented a 

mean-diff erence value (1.53) greater than the LSD, 

coLfirming that both sites differed significantl y at the 5% 

level of probability. Tne termite hills and the v egetation 

tatitats d iffered by 1.15 , a value greater th&~ the LSD 

(0 . 58) . It was conc luded that both termite hills and 

vegetation sites differed significantly at 5~ level. 

3 . SOIL REACTION (p H). 

Testing the significance cf the soil reac tion (pH) 

between sites, using the least significant difference (LSD ) , 

a no signifi~ant differenc e was observed between rnean-~ites 

of all treatments and their respective LSLs . For this 

~ease~, the so~l reaction !pH! a s a~a l ysed f r~~ soil s amples 

,..; i.;.. .& '"".:.;."'!""'" -· - -· - - .. 
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4. C1'.LCIUM (Ca) . 

Differences between treatment-means gave 4.0 2 . 5.82 

and 1.80 for animal burrow and termite hill , vegetation site 

and termite hill and vegetation site and animal burrow 

respectively. The mean difference between animal burrows 

and ter~ite hills gave a value greater than the LSD at the 

5% l evel for t(0.05 , 12df), LSD= 2.93. Thus , 4.02 was 

greater than 2 . 93 , concluding that animal burrow and termite 

hill differed significantly at the 5% level. The vegetation 

site and the t ermite hill mean-sites differed by 5.82 , a 

greater value than the LSD at 5% level. This leads to the 

conclusion t hat the under-vegetation and termite hill 

differed significantly at 5% level. The under - vegetation 

and the ar.imal burrow sites however, gave their mean 

difference value lesser than the LSD (1.80 < 2.93 ) . For 

this reason, both sites did not significantly differ. The 

other parameters such as organic carbon, magnesium, 

potassium and phosphorus had shown their respective 

calculated F-ratios being l ess er than the tabulated at the 5 

percent level of probability, indicating that their means of 

pairs of treatments being not significantly different. 

6 . 3 . .:: Physical cha~ac~eristics of tje soil 
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were estimated (Table 25) 

Analysing all tested soil physical ~arameters , it 

was found that the cla y showed highly s ignif icant difference 

between sites since its variance ratio was 7.41. F-

di stribution at 5% level for 2 and 12 degrees of freedom was 

3.89. For the sand characteristics , a significant 

difference between sites was observed at 5% level only. The 

F- distribution at 1 percent level gave a higher value (6.93) 

than the ones calculated {3.93). The silt and the mcisture 

content, did not present any significaut difference between 

sites. 

Analysing the mean-differences between treatments , 

for sand and clay , the Least Significant Difference [LSD) 

mainly was used. Thus. the following observations were 

pointed out: 

1. CLAY . 

For clay variable the mean difference between 

termite hills and animal burrows differed by 11.23 , a 

greater value than the LSD (7 .40) at 5% level for 

t(0.05,12df}. This va lue mak es both s i tes to di ffe r at 5% 

level of probatili:y. :omparing both termi:e hills and 

v egetati c n si:.e:s, a ~ralu <:- greater than the :;_,sD W2.S o~ser ' •ed , 

.. ,...._ .... *" - -·· -... ·._ - ..i.. ... .... -.:::- - .. 
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Table 25. Analysis of variance of the transforIIEd data of t he physi cal 

characterist i cs of soil samples collected f ran sandf ly breeding 

and resting sites. {Marigat a rea , June 1986 ) . 

Source of 

variation 

df Moisture 

content 

MS 

Sand 

F 

Si lt Clay 

F MS F F 

Between sites 2 264 . 16 2. 26 423. 29 3. 93* 58 . 98 0.94 214.22 7. 41** 

Within sites 12 116 . 92 

LSD on transformed 

data (at 5% level ) 

Untransformed means 

Termite hill 

Animal burrow 

Vegetation site 

17.84 

13.27 

34 .92 

* significant at 5 percent level 

** significant at l percent level 

107.64 

14 . 29 

20 . 80 b 

4 .00 a 

46.20 a 

62 . 98 

44.80 

34.80 

36. 20 

28.90 

7.40 

34.40 a 

18.20 b 

17.60 b 

Means with saIIE letter ( for significant F) do not differ significantly at 5% . 

Test carried out on transformed means. 



- 199-

'2. SAND. 

The mean differences between soil samples collected 

from sandfly breeding and resting sites gave 16 . 16 , 0.44 and 

15.72 for animal burrow and ter~ite hills, animal burrows 

a nd vegetation sites and vegetation site and termite hills 

respectively. Comparing the mean-values as showP- in every 

set of sites, the following observations were made: 

1. The animal burrows and termite hills gave a difference 

mean-s~tes of 16.16. This value compared t o the LSD (14.29) 

at 5% l evel was greater (16.16>14.29}, for this reason, both 

sites differed significantly . 

2 . The animal burrows and vegetation sites did not present 

any difference between their mean-sites compared to the LSD 

at 5%. The mean-difference cf 0.44 observed between animal 

burrows and vegetation sites was lesser than the LSD at 5% 

( LSD at 5% =14.29). Thus, both si t es did not show any 

significant difference for the sand parameter . 

3. The mean difference between vegetation site and termite 

hill s differed by 15 . 72. This value was greater than the 

LSD at 5% (14 . 29) and therefore, both sites were 

significantly different at 5% level of probability. 

t. 3. 3 Relationships between sandfly groups and the soil 

cha .r ac t.eris:.ics 
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as monitored from their breeding and resting sites during 

the period the soil samples were collected presen~ed the 

following observations (Tables 26 and 27): 

In termite hills, it was found that ~he chemical features 

such as the soil reaction and the scidurn presented highly 

significant negative correlation coefficient a t 1% level 

(r= -0.915 for the pH and r= -0.932 for Na). Except for the 

phosphorus, all analysed chemical fea~ures showed negative 

correlation coefficients and therefore , were limiting 

factors for the sandf ~ y production in termit e hills. 

Although some parameters (e.g. Ca, Mg , Mn, K and the organi c 

carbon) presented negative correlation coefficients . they 

cic not show any significant level of correlation. 

Correlation coefficients between the sandfly relative 

abundance in termite hills and the physical characteristics 

showed that the moisture content presented a highly 

significant positive correlation at 1% level (r= +0.911). 

The silt variable gave a positive correlation coefficient 

(r= +0.287) which did not reach a significant level. A 

negative correlation coefficient was calculated for the sand 

parameter (r= - 0 . 623). Moisture content therefore, can be 

taker. as determining factor for the sandf ly distribution in 

i:.ermite hills. 

The ccrr ela:io~ coe ff icie~~ be~weer the sandf :y 
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'soil reaction, the organic carbon, the calcium and the 

potassium presented positive correlation coefficients 

corresponding to r= 0.060, 0.463 , 0.171 and 0.468 

respectively . The other para~eters such as magnesi~ffi 

manganese and the available phosphorus presented negative 

correlation coefficient s . However , the correlation 

coefficient between the sodium and the sandf ly relative 

abundance showed that a highly negative significant 

correlation coefficient at 1% level (r= -0.951). This 

parameter can be ascribed as limiting factor, having a 

detrimental effect on sandfly survival in burrows . 

Analysing the corre l at ion between both physical 

characterist ics and the sandfly relative abundance in animal 

burrows, it was observed that p a rameters such as moisture 

content, s a nd and silt gave highly significant coefficients 

at 1% level. 

1. The moisture content presented a highly negative 

correlation coefficient (r= -0.993), 

2. Inversely, the soil texture showed highly significant 

positive correlation coefficients for sand (r= 0.986)and 

silt (r= 0.972). The moisture content seemed to have a 

detrimental effect , while sand, silt and clay have a 

positive effect on sandf lies 35 produced fro~ anima~ 

burro\o\s. 

-- .- - e C 
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from the vegetation sites were correlated with the soil 

chemical and physical ~arameters (Tables 26 and 27). 

Correlation between sandflies and the organic carbo~, soil 

reaction, calciuro snd potassium ( as analysed during tne 

period sandflies were collected) presented positive 

correlation coeffic ients, with r= 0 090 , 0 . 196, 0.297 and 

0.689 respectively . The parameters such as magnesium , 

manganese, sodium and phosphorus presented negative 

correlation coefficients. Nevertheless. it was observed 

that among all tested parameters, only sodium presented a 

highly significant negative correlation coefficient 

(r=-0.965} at 1% level. 

Although there was no significant correlation 

between organic carbon and sandfly relative abundance , the 

positive value showed ~hat any increase of the organic 

matter has an influence on the increase of sandfly 

population . The correlation between sandfly relative 

abundance in the under-vegetation sites and the physical 

parameters gave positive correlation coefficients for both 

moisture content, silt and clay. The clay factor showed a 

highly significant positive correlation coefficient at 1% 

level {r= 0.996), while a negative correlation coeff~ c ient 

was obtained be~wee~ ~he sandfly relative abun~Ence and tne 

sand parame~er . 
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Table 26. Correlation coefficient of sandfly density wi th the chemical 

characteristics of soil samples prevailing in sandf ly breeding 

Soil 

Site react. 

(pH) 

and resting sites. 

Organic 

carbon 

(%) ca 

(Marigat area, June 1986). 

Total ions (rne/100) 

Mg Mn K Na 

Correlation coefficient with sandfly density. 

TH -0.915** -0.491 -0 .744 -0. 872 '* -0. 719 -0.050 - 0.932** 

AB 0.060 0.463 0.171 - 0.808 -0.865 0.468 -0. 951 ** 

VEG. 0.196 0.090 0. 297 -0.060 -o.8n 0.689 -0.965** 

p. 

(p?TI) 

0. 717 

-0.624 

-0 .721 

Table. 27 Correlation coefficient of sandfly density with the physical 

characterisitics of soil ~les as collected from sandfly breeding 

sites. (Marigat area, June 1986). 

Collection site 

Termite hill 

Animal burrow 

Vegeta~ion 

Moisture 

content(% ) 

(Correlation 

o. 911 * 

-0.993** 

0.036 

Sand 

coefficient with 

- 0.623 

0.986** 

- 0.20: 

Texture {%) 

Silt 

sandfly density). 

0.287 

0.972** 

0.393 

** si~ifican~ a~ l percen~ level, * 2iqn:ficant at 5 percen: level 

clay 

0.955 

0.996** 

TH= t..-ernu':e hlll, AB= animal cu . .::-row, ·;r:...:;.= vegetat18n site, df= 3 'for r,=5:· . 



- 204-

Discussion 

6.4.1 Chemical characteristics of the soil 

Analyses of soil parameters capabl e of influencing 

the sandfly population had demonstrated tha t the sandfly 

breeding and resting sites canno t be considered as 

homogeneous sites as their chemica l and physical 

characteristics presented significant differences between 

sites. The sandfly breeding and resting places were 

different from one to the other by its chemical and/or its 

physical characteristics during both dry and wet seasons . 

Differences in sandfly breeding and resting sites 

soil composition during both dry and wet seasons can 

therefore , be ascribed to the e nvironmental effects. During 

the dry season, sodium , manganese and soil reaction 

presented high significant difference between sites than in 

the wet period. Also, due to food availability during t he 

wet season , mainly composed of wild plants and some 

cultivated cereals (sorghum and mai ze ) the number of roder.ts 

and other herbivorous got increased in the area. These 

sITall and large mammals ingest plact tis sue and the excreted 

Bnd products of digestion of the struc~ural polysaccharides 

sre mixed with s oii. and t~ere~ore i~creasin~ its caic iu~ 

7~e c&lciun is d~pcs1 ~ ~6 :n~c ~hE s oil ~ y 

per~c~2tin~ ~s:ers . 
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observed higher in animal burrow than in other sandf ly 

col l ection sites. This increase might be derived fro~ 

ingested plant tissue by herbivorous living in thes~ 

habitats. The enc products of inges ted plan t s are reje~ted 

and deposited on the soil inside burrows, and therefore, 

increasing its contents in calcium. 

During the dry season (F ebruary, 1986), few 

paramete=s such as sodium, manganese and soil reaction (pH) 

differed significantly within sites. However, comparing 

their mean differences between sites using the LSD at 5% 

level of probability (Clarke, 1980; Bailey, 1981) , it was 

showr. that: 

For sodium, there was no significant difference between its 

observed values in termite hill with the ones in animal 

burrow; while a significant difference was observed between 

the first two sites and the vegetation sites. For 

manganese, the same observations as the ones of sodium could 

be made: termite hill and animal burrow did not differ 

significantly, whereas vegetation site presented a rnean

value which differed significanlty with the te rmi te hills 

and animal burrows. 

Seil reaction (pH) : althougL it was shown by the analysis 

of variance IF: that the~e was a sigr.ificant difference 

between sites , the comparison o~ t heir treatme& t-mea~s di~ 
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termite hills, animal burrows and the vegetation sites were 

small and therefore , cannot imply any significant difference 

b etween investigated sites. 

Analysis of variance carried out on soil samples 

collected during the wet season (June 86} gave calcium as 

the only highly significant among the examined and tested 

soil parameters. Comparing the mean differences of calcium 

using the LSD at 5 percent level, the following observations 

were made: 

Comparing the mean differences as calculated between ~ermite 

hill and animal burrow, there was a significant difference. 

For this reason , both sites differed significantly at 5% 

level. Mean difference between termite hill and vegetation 

site presented a significant difference and hence these 

sites differed significantly at 5% level. The comparison 

c arried out between animal burrow and under-vegetation site 

mean differences, did not give any difference between both 

sites and hence , no significant difference can be described 

for burrow and termite hill sandfly breeding and resting 

sites. 

Comparing the calciurr. content in both sites. it was 

foun d that this parameter presented tigher valus in ani~al 

burrows than in termite ~ills; whereas between animal 

' . \. . . anc unacr :.uE: ••eoet.a t1or; sites 
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animal burrows was due to the excreted end products of 

ingested plant tissue taken from wild plants and cultivated 

cereals which are rejected or deposited en the soil of 

burrow by r odents or other herbivorous. The increase of 

calcium on the forest floor can be attributed to plant leaf 

deposits. The organic carbon observed (ranged from 0.75 to 

3.26 percent during the dry season and 0.42 to 2.63 percent 

· during the wet period) did not show any difference between 

both sites. These values were lower than the ones monitored 

in sardinian soils (Italy), which ranged from 1.4 to 7.5 % 

(Bettini and Melis, 1988) and much lower than the ones 

observed in the panarnanian rain forest (24 - 84%) (Rutledge 

and Mosser, 1972 ). In Saudi Arabia, Buttiker and Lewis 

(1979} reported that the sandy loam had extremely low 

organic content (0.5%}. Other parameters, such as sod ium 

and manganese did not show any differences between animal 

burrows and termite hills, while a significant difference 

could be seen between the under-vegetation and the first two 

sites. Although, considerable alkaline and neutral reaction 

(6.9 - 7.7) was monitored in both sites , the comparison of 

the treatment - means did not yield any significant 

difference. In East Africa, Hesse (1955) repor ted that the 

reactions of the mound soils range from pH 5 to 10. 

Ru tledge and Mosser (19~2), reported close ave~age pH val~es 

ranging 6.8 ~o 7.~ for sc ~i samples taker. frorr: sa~d::y 

~reedi~g si:es in ?anama . 
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'6 . 4 . 2 Physical characteristics of the soil 

Generally, soils in the Marigat area are loose , 

light silt to sandy loam . Shortt et al. (1930 ) noted that 

loose soils admit the burrowing in of the larvae in the 

search for food. Comparison of physical features showed 

that clay and sand present e d significant differences between 

sites , whereas the silt and the moisture con tent did not 

give any differences between investigated sites . Both the 

clay and the sand gave significant differences once their 

treatment-means were compared between termite hills, animal 

burrows and under-vegetation sites respectively (Table 25). 

Hesse (1955) noted tnat the percentage of clay and sand in 

different East african mounds was not of the same order . 

Analysis of soil samples collected in the Marigat 

area has shown that sandfly animal burrow, termite hi~l and 

under-vegetation sites cannot be considered as homogeneous 

sites as their soil characteristics presented significant 

differences at both 5 and 1 percent levels. Both sites can 

therefore be taken as different from one to the other . 

6 . 4.3 Relationships between sandf lies and the soi l 

characterist i cs 

The sar c fly abun ~ ance ~ s re l ated to a give n soi:. 

r ~ c h ir c er tai n e leraents whi ch would be n ec e s sary ! o r the 
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growth and the survival of the immature stages. In order to 

determine the soil features which may play a major role in 

sandf ly abundance the correlation between sandfl i es as 

monitored from both sites ane the soil c haracteristics 

(chemical and physical) as prevailing in the same places was 

applied . 

In termite hills , the correlation between both the 

soil reaction and the sodium and t he sandfly re l ative 

abundance presented bighly significant negative correlation 

coefficients, whereas che moisture content gave a highly 

signif i cant positive correlation coefficie~t. In this site, 

soils were found to be poor in organic substances. 

In animal burrows , the sodi um showed a highl y 

negative correlation coefficient and conversely, the high 

population of sandflies cculd be re l ated to the positive 

effect of organic carbon brought in by a high accumu l at ian 

of nutrients . Bettini and Mel i s (1988 ) reported that in 

Sardinia (Italy}, the high organic content of some s o il 

samples may be due to differences in distribution of sheep 

urine a nd faeces. The organic content of the so i ls is 

important for larval deve l opment. Hanson (1961) pointed out 

that larvae of sandflies are nume r ous in the top 5 inches of 

soil ricn in organi c mat ter. In burrows , the moisture 

content presented a high~y negativ e corrclat~on ~oeffi~ iEnt 

a s it a~fected tne imma~~re stages and tte ad11lt ~andflies. 

The sand ~he si lt and the cl a y gave hi~n:y si ~c1f1 c ar~ 
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positive correlation coefficients. 

In the under-vegetation sites , only the sodium 

presented a ~ ighly significant negative correla~ior. 

coefficient. The other parameters such as the organic 

carbon , the calcium and the potassium gave positive 

correlation coefficients. Both the moisture ~ontent, the 

silt and the clay showed po sitive corre l ation coefficients. 

Hanson (1 961) and Thatcher (1 968b) noted that soils of the 

forest floor often contain cons i derable organic matter, 

caused by fal len leaves, insect fragments and mammal faeces, 

which make the forest to be an ideal habitat for the 

immature stages of phlebotomine sandflies. :n Panama, 

Hanson (1961) observed sandfly larvae feeding on decaying 

leaves and litter on the ground. Mutinga {1972) reported 

that areas rich in decaying organic matter harbour large 

numbers of sandfly immature stages (eggs, larvae and pupae ) . 

He noted also , that sites soaked with urine of domesticated 

animals {cattle) are likely to be good breeding places for 

sandflies. Shortt et al. (1930) noted that the presence in 

the soil of organic debris is "a sine qua non" for the 

continuance of sandfly breeding. 

Schle~n ~t al., (198 2) reported that sandfly 

breeding sites wi~h low or high salinity value preseLted :o~ 

po~ularion censity cf flies . indicating t~at th~ ~od~un. is 

lireit i~g factor f~r the ~ andf:y producticn. In ~he ~arigat 
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area, the organic carbon and the calcium content were found 

to have positive effect on sandflies as positive corr elation 

coefficients were calculated. 

The phy~~cal parameters (e.g . moisture content, sil ~ and 

clay) have positive effects on the distribution of sandflies 

in the vegetation site. 

Separate correlation for both sandfly groups 

(Phlebotomus and Sergentomvia; with the soi: parameters 

(Tables 28 and 29), showed the following observations: 

1 . In the termite hills, the soil reaction (pH) , the 

magnesium , and the sodium presented highly significant 

negative correlation coefficients at 1% level . 

2. In the animal burrows as well as in the vegetation sites , 

only the sodium characteristic presented a highly 

significant negative correlation coefficient at 1% level. 

The high increase of Phlebotomus species in animal burrows 

than in other site was probably due to the positive effect 

of organic carbon, calcium and soil reaction to the sandfly 

abundance. Positive correlation coefficients between 

Phlebotomus species as produced from burrows and the organic 

carbon, calcium and soil reaction were observed (Table 29 1. 

Conversely , a high increase of Se rgentomyia species in 

termite hills than in animal burrows was p r obably due to the 

available p hosp horous. The corre l at ion coe~~icien~ between 

spe=ies o f ~h i s group a ~d the ph0s ptcrus 1: a ra~ete r pre s~ nt~d 

a pc s it i v e c ~ rrela ticr coeffi : i en~ : r = G.7 1: ; 
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Table 28. Correlation coefficent between Sergentomyia species and the chemical 

characteristics of the soil samples as prevai ling ir. sandf ly 

breeding sites . (Marigat area, June 1986) . 

Site 

TH 

AB 

VEX;. 

Soil Organic 

react. carbon 

(pH) (%) 

-0.943* -0.540 

0.073 0. 463 

0.196 0.090 

Total ions (me/100 ) 

ca Mg Mn K Na 

Correlation coefficent with sandfly density. 

P. 

(ppn) 

- 0.762 -0.907* -0.763 -0.087 -0.953* 0.712 

0.171 - 0.808 - 0.865 0.468 -0 . 951* -0.624 

0.297 -0 . 254 -0.871 0.689 -0.965** -0.721 

Table. 29 Correlation coefficient between the Phlebotanus species and the 

chemical characteristics as prevailing in sandfly breeding sit es . 

( Marigat area, June 1986 ) . 

Site Soil 

react. 

(pH) 

Organic 

carbon 

ca Mg 

Total ions (me/100) 

Mn K Na 

Correlation coefficient with sandfly density. 

P. 

TH -0.943* -0.540 -0.762 -0.907* - 0.763 -0. 087 -0.953* 0.712 

AB 0. 073 0. 463 0.171 -0.808 -0.865 -0.468 -0.951* -0.624 

VEX;. 0.196 0.090 0.297 -0.060 -0 . 871 0.689 -0.965** - 0.721 

TH= termite hill, AB= animal burrow, VEG = vegetation s itt 

* signiflca11t at 5 percent level.*'* significant at 1 per.:-em. ~e·;el. 



CHAPTER SEVEN 

SANDFLY HOST PREFERENCES 

7.1 Introduction 

The Phlebotornine sancf lies have been implicated as 

vectors of leishmaniasis, bartonellosis, and a n~mber of 

diseases, yet little is known of their natural feeding 

habits (Tesh et al. 19i l). The fact that sandfly species 

feed on man, reptiles, birds and many vertebrates {e.g. 

rodents and other small mammals) and its incrimination in 

the transmission of the diseases to man and animals has 

increased the interest of investigating their feeding 

behaviour. Studies on the biting habits of different 

sandfly species has shown that some species are likely to be 

efficient vectors of the disease to man a~d animals, other 

species do not have any incidence to humans because of their 

disinclination to bite man. A number of sandfly species had 

been reported to be less specific and can feed on various 

hosts, other species are found to be well specialized and 

depend on particular hosts . Due to this specialization, the 

~irst group of sandfly species seem to be widely di-~ributec 

and are present in many t y pes cf habitats. They ccc~r ~~ 
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adapted to feed on a particular host and are few in numbers. 

~hey prefer to rest in particular sites where the~r hosts 

can be found. Rodents constitute their main hosts. Species 

of Phlebo comus group belong to this categor y . In Kenya s s 

well as in many other countries , investigations on sandfly 

feeding habits were carried out by various workers (Disney, 

1968; Minter, 1964b; Mutinga, 1980; Mutinga et al., 198 Eb; 

Shaw and Lainson , 1968; Tesh et al . , 1971 and 1972) . 

In an effort to evaluate the i mportance of the 

sandfly feeding habits in the Marigat area; blood meal 

co llections taken from wild sandflies were under t aken , after 

the identification, the host preferences for each group of 

sandf lies as well as for the known local sandflies were 

reve a l ed. 

7 .2 Materials and Methods 

Fed female sandfies recovered from animal burrows, 

te rmite hills and tree holes/hollows (Table 30), were 

separated from the unfed ones for the blood meal 

collections. The engorged posterior midguts were then 

transferred t o filter papers . The head and the rest o f the 

body were u sed for the identifica~ion o f the sandf ly 

spe'.:imens. Collected b l ood mea~s were sea: ec i r. p~lytner e 

bags and sent ~o Robert Ven Os:~:q2t-!rstit~: ·r n s t :t u~ ~u~ 
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Table 30. Collection of fed sandflies from their breeding and resting sites. 

Perkerra Irrigation Scheme, Marigat area, 1987. 

Sandfly species Animal burrow Termite hill Tree hollow Total 

P.martini 10 10 

P.duboscqi 9 9 

S.bedfordi 6 35 41 

s.antennatus 4 4 1 9 

S.ingrami 10 38 6 54 

s.africanus 2 4 6 

s.schwetzi 32 32 

s.aff inis 1 1 

Total 35 85 42 162 
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seroprecipitation analysis. The fan - suction traps, the 

IT.odified CDC light traps and the mouth-aspirator traps or 

sucking t ubes were used to collect fed sandflies. In order 

to obtain freshly engorged sandflies , t raps were set up for 

the overni ght and collections of caught sandf lies were made 

in the earlier next morning. 

7.3 Results 

162 bloodmeal samples were collected from the 

common sandflies present in the area. Among them 143 

specimens were collected from six sandf ly species belonging 

to the Sergentomyia group and 19 samples were obtained from 

2 species of the Phlebotomus group . It was found that the 

bloodmeals on screening reacted against t hree classes of 

antiserum . These were mammals , aves and reptiles. 

7.3.1 The Sergentomyia species 

A total of 143 bloodmeals taken from fed 

Sergentomyia species were tested and examined for feeding 

preferences. Analysing the results as shown in Table 31, 

the following observations were made: 

1. Sergentcroyia inqram i 

Tne analy si s of tlood~~a : s~ears t~ke~ fr:~ ~-

inar~rn: showed thst this species t&s a n·uc~ w1dE~ r~n~ ~ 
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Table 31. sandfly host preference as ider:tiEed 'Jy blcodmeal ana~:1s1s 

(Perker ra Irrigation Scheme, Mar1gat area , l987) . 

sandf ly species 

P.martini 

P.duboscqi 

s.antennatus 

S.bedfordi 

S.ingrarni 

S.af ricanus 

S.affinis 

S.schwetzi 

Total 

Host preference 

l 2 3 4 

0 l 0 2 

0 0 l 0 

0 2 0 0 

0 0 0 2 

l 2 l 17 

0 0 0 0 

0 0 0 0 

0 0 0 15 

l 5 2 36 

l = man 

2= ruminant 

3= rodent 

4= bird 

5= hippopotamus 

5 6 7 3/7 4/2 n. i. 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

1 0 1 1 0 

2 9 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 7 0 0 1 

3 16 l 1 1 

6= rronitor lizard 

7= canidae 

3/7= rodent/canidae 

4/2= bi rd/ruminant 

n.i.= not identified 

7 

8 

7 

36 

22 

6 

1 

9 

96 

total 

10 

9 

9 

41 

54 

6 

l 

32 

162 
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n atural hcsts. with its h igh pre f erence on birds and monitor 

lizards . ·rhe rate of feeding showed that this species feeds 

main'y on birds (53.13 %} , monitor lizar ds (28.13% ), 

ruminants (6.25%) , hi ppopotamus (6.25% ), rodents (3.13%) and 

man (3.13%}. These observations tally with the presence of 

~ · ingrami in ~ermite hills, where both monitor lizard and 

birds prevail. 

2. ~. bedfordi 

A number of bloodmeal samples were taken from fed 

~ . bedfordi collected from tree hollows and termite hills. 

Analysing the results of this species host preferences, it 

was shown that it mainly feeds on birds (40%} . Family 

Canidae (only dogs are present in the area) ~nd hippopotamus . 

presented a same rate of feeding (20%}. A mixture of blood 

from rodent and Canidae was observed and represented 20% of 

the total hosts. The large numbers of this species in tree 

hollows can be related to its feeding habits. Tree hollows 

as well as tree canopies harbour a large variety of birds on 

which this species frequently feed . 

3. ~ - schwetzi 

Analysis of bloodmeals collected fr om fed ~· 

schwetzi showed that , this species feeds on birds (65 . 22%) 

and monitor lizards (30.43%). A mixture o f bird/ruminant 

bloodmeal , representing 4 . 34% was identified. The high 

perc en tage of bloodmeal from bi rds determined the main 
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p r e fe r e nce ~f wi l d sandfly ( ~ . s chwetz i) t ~ fead en birds 

and i t s assoc iation wi t h t r ees and ter mi te h ills. 

4. ~· antennatus 

Despite its high density in the area, and its 

presenc e in vari ous habitats, ~- antennatus did not seem to 

have a wide range of hosts. Its only identified host during 

the observations was a ruminant. For this reason , its 

collections in large numbers from animal enclosures (cattle} 

was justified. 

7.3.2 The Phlebotomus species 

Due to lack of enough fed sandfly spec ies of this 

group , only few bloodmeal samples were sen t for 

iden t ification. Phlebo~omus martini and f. duhoscgi 

represented the collected flies of this g r oup . Analysing 

the results as indicated in Table 31 , it was observed that : 

1. In the Marigat area , f. martini s howed its ?reference on 

birds (66.66%) and ruminants (33.33%). However,the 

asso c iati on of ~· mart in i with burrows an d termite hills is 

clearly d u e to the presence of birds in b o t h sites. 

2. f . duboscgi seemed to be an exclusive rodent-feeder 

(100%). The close association of f. duboscgi with burrows 

can be attributed to the presence of rodents on which t h is 

species feeds. 
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The overal l results (Tab le 32 ) show that: 

1. Species of the Sergentomyia group feed preferentially on 

birds (54.83%) and reptiles ( 25.80% ) and less frequently on 

dogs {Canidae) (1.62%}. The feed i ng rates of 6.45 and 4.83 

percent were observed for ruminant and hippopotamus 

respectively. Rodent/dog and bird/ruminant bloodmeal 

mixtures were identified. 1 .6 2 percent of Sergentomyia 

species were found feeding on man. In Sergentomyia group , a 

crossing over to many other hosts can be expected. 

2. The available information on the feeding preferences of 

Phlebotomus species showed that some species of this group 

f eed exclusively on a given host; while others can 

diversify. Thus, ~. duboscgi was found to feed on rodents 

and ~- martini can feed on birds as well a s on many other 

mammals. 

Some species of sandf lies seemed t o be well 

specialized, depended on particular hosts and were 

therefore , more vulnerable t h an less specific species whic h 

were generally widely distributed, occurred i n large numbers 

and fed on various hosts. Analysing the source of sandfly 

bloodrneal s co l lected from various site s the following 

deductions were made (Table 33): 

1. The large numbers of sandflies resting in termite hill 

had fed on bloodmeals taken from var ious hosts. The 

overwhelming major ity o f these flies had the blood of birds 

(31 over 55 s pecimens) and monitor lizards (16/ 55 



:'able 32. Pe::::::entages of ider.tified hosts ~'Jr both Sergentomy1a and 

Phlebotomus groups . Marigat area, 1987. 

Host preference 

sandfly group--------------------------

Sergentanyia 

(N=62) 

Phlebotanus 

(N=4) 

1 

1.62 

(1) 

0 

(0) 

Total identi- 1.52 

fied(positive ) (1) 

(N=66 ) 

2 

6.45 

(4 ) 

3 

1.62 

(1) 

25 . 00 25.00 

(1 ) (1) 

7.57 

(5) 

3.03 

(2 ) 

4 5 

54 . 83 4. 83 

( 34) ( 3) 

50.00 0 

( 2) ( 0) 

54.54 4. 54 

( 36) ( 3) 

6 7 

25.80 1.62 

(16) (1) 

0 

(0) 

0 

(0 ) 

24.24 1.52 

(16 ) (1) 

in brackets are number of positive bloodmeal. 

l= man 

2= ruminant 

3= rodent 

4= bird 

5= hippopotamus 

6= monitor lizard 

7= canidae 

3/ 7= rodent/canidae 

4/ 2= bird/ruminant 

n.i.= not identified. 

3/7 

1.62 

(1) 

0 

(0) 

1.52 

(1) 

4/2 

1.62 

(1) 

0 

(0) 

1.52 

(1) 



~able 33. sour~e of bloodmeals of phlebot'.)ITiine sandflies . 

Mar:gat ari:a, 198/ . 

Source of 

bloodrneals 

Man 

Ruminant 

Rodent 

Bird 

Hippopotamus 

Monitor lizard 

Canidae 

Rodent/canidae 

Bird/Ruminant 

Total 

AB= Animal burrow 

TH= Termite hill 

th= Tree hollow 

AB 

2 

1 

4 

1 

8 

Number and percentage of bloodmeals 

Site of collection All sites 

TH th N % 

1 1 1.51 

3 5 7.58 

1 2 3.03 

31 1 36 54 .55 

2 3 4.55 

16 16 24.24 

l l 1.51 

l l 1.51 

1 1 l.51 

55 3 66 

N= number of i dentified bloodmeals 

%= percentage of identified bloodmeals . 
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sp8cimens ) . 

2. In anireal burrows, most of sandf~ies had fed on bloodmeal 

taken from birds (4/8 specimens) and ruminants (2/8). The 

blood• o~ rodent formed the lowest rate (1/8). 

3. Resti~g sandflies in tree hollows had fed on the blood of 

birds and dogs. 

Generally, it has been observed that 54.55 percent 

of sandflies had fed on birds, 24.2 4 percent on monitor 

lizards , 7 . 58 percent on ruminants, 4.35 percent on 

hippopotamus, 3.03 percent on rodents and 1.52 percent on 

dogs {Canidae). Among the examined bloodmeals , 1.51 percent 

derived from man. 

7.4 Discussion 

To study ~he feeding behaviour of the commcn 

sandflies in relation to animals , birds and reptiles 

prevailing in the Marigat kala-azar area, fed sandflies were 

collected from their breeding and res ting p l aces (Table 30). 

Thus. ani~al burrows , termite hills and ~ree hollows were 

investigated for sandflies. Although the present work on 

fed sandflies did not cover all types of sandfly breeding 

and res~ing sites , the available data indicated the feeding 

preference and the origins of the bloodmeals of both 

Sergentornyia and Phlebotornus species (Table 31) . As the 

present collections of sandflies were not exhaustive , it was 
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no~ possibl e to determine the host preference index (HPI}; 

chis r equires a large number of fed sandf lies of 1i f f erent 

s pecies. 

7. 4 .1 The Serqentomyia species 

The study on feeding behaviour of the common 

sandflies was undertaken in an attempt to find out the 

natural feeding habitat, the range of hosts and the host 

preferences among species of sandf lies present in the 

Marigat area. Thus , the Serqentomyia inqrami appeared to 

have much wider range of natural hosts, with high preference 

on birds and reptiles (monitor lizards). Christensen and De 

Vasquez (1982) found Lutzomyia trinidadensis, the second 

mos t common sandf l y in Panama to feed preferentially on 

reptiles (lizards ). It was also shown that ~· i ngrami was 

fed on r uminants , rodents and man. Its presence in large 

numbers in termite hills could be relaced to the prevalence 

of monitor lizards and to some species of birds. 

Serqentomyia bedfordi was found to be bird-feeder. The 

Canidae (dogs ) were also observed to be used by this s p8cies 

for its feeding. Among the analysed blood-meal samples, a 

mixture of blood from rodent and Canidae was also 

identif ied. Collections in large numbers of ~· ingrami in 

tree hollows and canopies could be associated with the 

presence of birds. Quate (1964) reported thi s species to be 

a reptile-feeder in the Pa loich area, whi l e Minter (196 4b ) 
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~oted chat birds are among the pref erred nests of ~-

bedf ordi, which also feeds on gekoes. No Sergentomyia 

bedfordi ~as found biting man during the present 

investigation. In Wes~ Pokot , Mutinga (1980) noted that ~· 

bedfordi feeds readly on reptiles, but also, can feed on 

man. 

Sergentomyia schwetzi like ~ . ingrami and ~

bedfordi seemed to have a high preference on birds as well 

as on monitor lizards. Its double feeding on birds and 

ruminants was also observed. The high rate of bloodrneal 

from birds determined the main preference of both wild 

sandflies, ~- ingrami and ~· schwetzi and hence their 

association with trees and termite hills. In Ethiopia , 

Foster et al. (1972) observed unfed ~· schwetzi feeding on 

exposed skinks. This species was seen to feed readily on 

man as well as it was found biting gekoes, chickens, 

tortoises, dogs and ground squirrels (Minter, 1964b ) In 

Kenya, Heisch et al. (19 56 ) noted the feeding of ~· schwetzi 

on lizards. 

Despite its large numbers in the area, the 

Sergentomvia antennatus did not seem to have a wi de r ange of 

hosts. This species was found to feed on ruminants. This 

can probably justify its large collections from animal 

enclosures where the cattle (mainly composed of cows, goats 

an~ sheep) are being kept for the nights. Minter (1964 ) 

collected this species whilst feeding on gekoes in cree 

holes. 
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7.4.2 The Phlebotomus species 

During these investigations, it was observed that 

~. martini was fed on b irds and ruminants whereas, ~. 

duboscgi seemed to be an exclusive rodent-feeder. In 

Senegal, precipitin tests of 4 bloodmeal smears off. 

duboscgi gave positive reactions for birds ( 2 smear s ), for 

mammals (1 smear) and for r eptiles (1 smear) (W. H. O., 1981). 

However , the close assoc i ation of one or the other species 

of the Phlebotomus group with a given habitat can be 

correlated with the presence of hosts . Therefore, the 

collections of ~· duboscgi in burrows can be attributed t o 

rodents, while the presence of ~ . martini in burrows and 

termite hills is r e l ated to the presence o f rodent s and 

birds which r est in both sites. Minter (1964b) pointed out 

that ~· martini feeds readily on man , dogs a nd ground 

squirrels, and noticed the presence of spiny mice 

(Acomys ~) , schrew (Crocidura ~) and gerbils (Tatera ~) 

in termi te hills inhabited by this sandfly species. 

Though the samples were small, identified blood

meals taken from fed sandflies were consistent as it was 

s h own that the overwhelming majority of meals from the 

investi gated area were derived from birds and lizards. From 

the small number of bloodrneals found to be of human origin, 

it was difficult to draw c onclusions about the 
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an t hropophy lic sandflies. This requires furthe r 

investigations. However, it was observed that species of 

the Serger.tomyia group feed preferentially on birds and 

reptiles (l izards ) and less frequently on dogs. These 

observations corroborate those o f Minter(1964b) who reported 

that species of this group feed readily on reptiles, birds 

and less frequently on small mammals. Mutinga et al. 

(1986b} reported that Serqentomyia species prefer to feed on 

reptilian hosts . Mixtures of blood meals were identified 

from species of the Sergentomyia group. In Panama, 

Christiansen and De Vasquez (1982) detected in one Lutzomyia 

panarnensis specimen a reeding on both chicken and an 

unidentified mammal. Mutinga (1972 and 1980) observed a 

mixture of blood meals taken from sheep/goat (0.13%) in 

Phlebotomus pedifer collected from caves of Mount Elgon. 

Nevertheless, ~- ingrami was only found to feed on man. The 

crossing over to many other hosts by members of this group 

can be expected. Biologically, such adaptability would seem 

to have obvious survival benefits for sandflies (Tesh et al. 

1972) and epidemiologically, it also has important 

implications in the ~ransmission of certain ar~hropod 

(sandfly )- borne diseases {Tesh et al. 1971 , 1972). Quate 

(1964) noted a much overlapping of host and sandfly species 

of the Sergentomyia group. 

The present information on feeding preferences of 

the Phlebotomus group showed that some species feed 
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ex~lusively on determined hosts , they seem to be well 

specialized and therefore more vulnerable , while others can 

diversify and feed on various hosts. Minter (1964b) noted 

that the Phlebo~ornus species prefer to feed on mammals 

including man. Mutinga and Ngoka (1978) reported positive 

reaction of fed.~. martini on a bovid. Judging from the 

meal identification and the exact collecting sites of 

freshly engorged females , it appears that sandflies remain 

in resting habitats to digest their meals {Foster, 1972a). 

However, i~ was observed tha~ identified bloodmeals were 

derived f rom animals, birds and reptiles. 



:HA?TER EIGHT 

SUMMARY 

1. Factors affecting the distribution and abundance 

of Phlebotomine sandf lies were studied in a leishmaniasis 

endemic focus in Baringo district, Kenya. 

2. In order to de t ermine the main patterns o f the 

seasonal dynamics and variations of the sandfly r elative 

abundance, sticky traps were placed at the entrances of 

burrows , tree holes and hollows, at the openings of termite 

hills and also traps were f asten~d to branches in the open 

field. The sticky traps were weekly in place for 13 hours 

(from 1800 co 0700 hours), and the trapping remained in 

progress for 12 months. 

3. The analysis of sandfly occurrence in the 

investigated breeding and resting sites seemed to appear in 

the following d ecreasing order of capture: termite hill, 

tree hollow , animal burrow, open field, animal enclosure a nd 

human habitation. 

4. The seasonal variations of sandflies were 

studied in two different ways: 1) by considering the 

individual sandfly species and 2) by taking into account the 
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t otal sandfly population produced in each investiga~ad site 

as a whole. It was found hat Sergentomyia antennatus was 

the most acundant fly followed by~- bedfordi. Phlebotomus 

martini showed a high occurrence among the Phlebotomus 

species. The Serqentomyia species represented 97 percent, 

while the Phlebotomus species constituted only 3 percent of 

the total sandfly population. 

5. At least 15 species of sandflies were found 

within the Marigat area. Among them 5 species belonged to 

the Phlebotomus group and 10 to the Serqentomyia group. The 

termite hills and animal burrows, the main sandfly breeding 

sites in the area presented identical species composition 

but with marked quantitative differences. The Phlebotomus 

species collected from burrows were 4 times in number than 

the ones found in termite hills, whereas the Serqentomyia 

species recovered from termite hills represented twice the 

ones caught in animal burrows. 

6. The analysis of the seasonal incidence of 

sandflies showed that the perennial species were widely 

distributed and were present all the year round or for most 

of the year. They formed the overwhelming majority of 

sandflies present in the area. The other species appeared 

to be more sensitive to the climatic variations, with 

limited distribution and a strictly seasonal incidence. 

They formed the minority of sandf ly species, and were called 



-230-

season al species. 

7 . The ana l ysis of var iance of both collected male 

and fema l e s andflies s h owed a s ignificant difference between 

both sexes and their collecting sites. Termite hills and 

animal burrows presented a predominance of males, whereas 

tree hollows and animal enclosures gave a sex-ratio in 

favour of females. Also , it was shown t hat the sex-ratio 

varied with seasons o f the year. 

8. Collections of sandfl i es fr om three different 

vegetation types (large trees, open woodland and bushy 

area ) , showed that buttresses of large trees provided stable 

mi croenvironment for sandflies . The h i gh occurrence of 

sandf lies observed on trunks of large trees was due to 

moderate humidity provided by the hug e canopies. 

9. A high density of sandflies per trap was 

recovered in arge trees. The bushy habitat composed o f 

thickets yielded few sandflies during both seasons . 

S ergen~omyi a bedfordi seemed t o be more closely associated 

with t he vegetation habitats . This speci e s was collec t ed in 

l arge numbers in bo th searched habitats and was fol lowed by 

~- antennatus. In the bushy si te, ~. antennatus 

predominated over ~- bedfordi. Phlebotomus ruart ini and f . 

rodhain i seemed t o be well adapted to the open woodland 

situation . 



-231-

10. The fact tha t sandflies were found co 

congregate in large numbers on particular plan ts (e.g. 

Ficus, Acacia) could lead to a planning of contro l meas~res 

by treatment of selec t e d areas within the forest or by 

selective removal of these plants where sand!lies rest or 

take the sugar juice for their feedings. 

11. Studies on sandfly verti c al distribution in the 

wooded area and the open field showed that the first site 

was most preferred by sandflies. Sandflies were collected 

from 0 metre {ground level ) to 11 metres in wooded area with 

predominance of females, whereas in the open field , the main 

zone of sandfly flight height comprised between the ground 

level and five metres. 

12 . Serqentomyia bedfcrdi and ~- antenna tus were 

th~ only species to reach a height of ten metres, 

corresponding to the canopy level in the area. Also both 

species were the commonest sandf lies at all investigated 

heights , with the greatest density between 1 and 2 metres in 

the wooded site and 0 t o 1 metre in the open.field. 

13 . Two types of sandfly populations were observed 

in the Marigat forested area, a ~opulation flying between 

the ground level and five metres and the second population 

occurring between six metres and upwards. 
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14. The analysis of the relationships between che 

height of fligh~ and the s~ndfly relative a~undance as 

recovered at each height showed that the number of males and 

females of sandflies falls off with height. 

15. The environmental factors, particularly the 

rainfall, appeared to have important effects on the 

distribution and abundance of sandflies. The two major 

peaks of abundance of sandf lies occurred in April and 

August. Relative abundance of both Sergentomyia and 

Phlebotomus species increased during the wet weather, their 

populations declined during the dry period. 

16. The month of April with heavy rainfall 

experienced high population of both Phlebotomus martini and 

~- duboscgi. Sergentomyia antennatus and ~ - bedfordi 

presented high relative abundance at the beginning and the 

end of the wet weather, and their decreases were observed in 

the middle of the rainy period. 

17. During the wet season , large number s of 

sandflies were produced from termite hills. The animal 

burrows did not show any variations of sandfly relative 

abundance as an equal capture rate (during both dry and wet 

seasons) was kept. 
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1 8 . Corre l a~ i ng b o th sandfly vec tors (Ph: e botomus 

martini and t. duboscgi} and rainfall, a significant 

positive corr:lation coefficient was obtained. This 

suggested that in t he Marigat area, the high incidence of 

t he di s eases occurred during the rainy season. 

19. Although the positive or negative correlation 

coefficients {r) were found when the monthly relative 

humidity, air tempera~ure and wind speed were correlated 

with the sandfly relative abundance in each site, the test 

of significance (using t-Student ) of both r did not reach a 

signifi c ant level . Never~heless, this indicated that both 

abiotic factors had more or less favourable effects (when 

the ~orrelation is positive ) or detrimental action (when r· 

is negative ) on the production and abundance of these flies. 

20. The ou~s tanding features of soil temperatures 

were the less variations observed in both termite hills and 

animal burrows during the wet and the dry seasons. A mean

difference of 3oC was obtained between both sites. 

21. So il relative humidity was found to be the 

microclirnate variable most subjected to marked changes. It 

was f ound to be influenced by the atmospheric (air) 

temperature which is very dry ~hroughout the year in the 

study area . 
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22. The combination of both modera~9 soil 

temperature and soil relative humidity makes the termite 

hills as ~ell as the animal burrows to rarbour a large 

variety of small and large rodents, birds and lizards and 

hence, stimulate their suitability for continous breeding by 

sandflies . 

23. Correlating the soil temperature and soil 

relative humidity with sandfly relative abundance as 

prevailing in termite hills and animal burrows habitat

types, positive correlation coefficients were noted . 

24. Immature sandflies live in soils and usually 

are subject to the presence or absence of soil nutrients, 

soil moisture content, soil reaction , organic compounds and 

soil texture among many others . During the wet season and 

the dry period, the calcium ~ontent presented a high 

significant difference between sites . The comparison of the 

soil physical characteristics showed that clay and sand 

presented significant differences between sites, whereas 

silt and moisture content did not give any differences. 

25. The correlation of soil reaction (pH ) and 

sodium {Na) with the sandfly relat ive abundance in termite 

hills presented highly significant r.egative correlation 

coefficients, whereas the moisture content gave a highly 

significant positive correlation coefficient. 
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26 . The correlations of sodium and moisture content 

with sandfly relative abund~nce in animal burrows showed a 

highly negative correlation coefficients. The sand and the 

clay parameters gave the highly significant positive 

correlation coefficients. 

27. In the vegetation growing under the trees, only 

the sodium presented a highly significant negative 

correlation coefficient. The other parameters such as 

organic carbon, calcium and potassium presented positive 

correlation coefficients. Both moisture content, silt and 

clay showed positive correlation coefficients when 

correlated with the sandfly population as monitored in 

under-vegetation. 

28. The increase of the Phlebotornus species in 

animal burrows was attributed to the positive effect of 

organic car bon, calcium and soil reaction; while for the 

Sergentomyia species, its high occurrence in termite hills 

was ascribed to the available phosphorus. 

29. Bloodmeals of 162 phlebotomine sandflies 

(Phlebo~ornus and Serqentomyia) collected from animal 

burrows, termite hills and tree hollows were identified by 

seroprecipitation utilizing three order -specific antisera 

(mammal, aves and reptile). It was found that the frequency 



-236-

of feedings varied with species and place of collection. 

The Seraentomyia schwetzi fed mainly on birds and monitor 

lizards, ~. antennatus on ruminants, Phlebotomus martiri on 

birds and f. duboscgi on rodents. 

30. Sergentomyia bedfordi and ~. ingrami 

demonstrated a much broader range of hosts. The first 

species showed a preference for birds, dogs and rodents; 

while the second was found to feed mainly on birds, monitor 

lizards, ruminants, rodents and man. 

31. The identificaticn of sandfly host preferences by 

bloodmeal analysis determined the epidemiological importance of 

each s andfly species in the transmission of Leishmania paras~te. 

Also, it showed the degree o f anthropophily as well as of 

zoophily of sandf ly species present in the area of 

investigations. 
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Appendix la. Monthly average for rainfall, terrperature, relative 

hwnidity and wind speed recorded at Perkerra Agricultural 

Research Station(PARS), Mar igat area, 1981-1986. 

Rainfall Terrperature oC 

(nm) air soil * 

January 0. 56 34.71 32.21 

February 18.20 29 . 58 32 . 65 

March 43.30 29.75 31.11 

April 120. 81 33.18 28.11 

May 61 . 88 32.45 28.17 

June 147.08 32.31 27 . 63. 

July 48.75 31. 71 27.30 

August 74 . 31 31.61 27.23 

September 27 . 11 33 . 01 28.53 

October 34.56 33.10 31.21 

November 57. 76 32.45 29.61 

December 18.55 33.08 31.03 

Average 54.40 32 .16 29.56 

* data recorded in 1985/1986. 

47.30 

52.70 

54. 30 

67 .48 

64.98 

64. 96 

69.18 

67 . 33 

58.81 

59.10 

58.00 

58 . 28 

60.20 

Wind speed 

(rrph) 

70.23 

73.18 

78 .03 

58 . 91 

55.43 

50.02 

48.85 

48.73 

57. 65 

65.36 

60 . 77 

59 . 52 

60.55 

~ratures and Relative humidity (RH) were recorded in 

maximum values. 
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Append: x :o . ~or.:!':ly mean.s f er ':he er.n .:-oriirental fac':.ors rs:ccrded 

Period 

at :he Perkerra Agricult ural Research Station tPARS ) , 

{Marigat area, 1985/86 ). 

Tenperature (oC) 

(Year and Month) 

Rainfall 

(nm) Air soil 

RH 

' 
1985 November 32.40 32.10 29.61 53.20 

December 1.80 33.60 31.03 51.60 

1986 January 0.00 34.80 32.20 45.90 

February o.oo 35.00 32 .65 44.50 

March 16.70 35.10 31.11 53.60 

April 163 . 50 33.30 28.11 73 . 20 

May 50.68 31.50 28.17 71.10 

June 103.90 30.20 27.63 83.90 

July 43.10 30.60 27.30 73.90 

August 42. 70 31.60 27.23 62 . 00 

September 50. 30 32.10 28.53 58.50 

October 6.50 33.60 31.21 58.10 

Wind speed 

(MPH) 

60.63 

64.24 

66.32 

71.95 

69.67 

51.56 

42.54 

30.U6 

23.90 

35.90 

50.32 

68. 71 

~emperature and relative hurnidity(RH ) were recorded in maximum values . 



AA••vli x 2. llvera~ monthly Mndfly population as collectt!d from the l!ltendardi zed long-term collection series. 

Po!rkerre Ir rigation SC:heme, l'lllrigat area, 1985/86 • 

-·-· . - - ----------
s. Nnv .115 °"c.85 Jen. 86 f'eb. 86 Mar .86 ~ .86 May 86 June 86 ,July 86 1t,11qust 86 ·"'"r. 1<6 Oct. 86 

-·-------------·---
'L 11!08. 88-tO. 45 64.42+0.lS 86.60+0 . 37 86.56+0.39 lll.64+0.41 H8.l4+0.61 113.55+0.62 162 .25+0 . 56 227.53~0. 49 196.90+0.53 117.60•0.SO 75 .80 + o. 51 

A fl '" · )7+0.50 193.0s+0 .39 74.21+0 . 43 102. 40+0.40 86.08+0.40 ~2. 7,;.0.44 55.95+0.41 73.25+0.38 43.B0+0.3fl 88 . 50+0 . 55 71.9'110.4 9 72.55 + 0 . 44 

t.h 69 . 13+0.04 137.64+0.48 78.12+0,41 66.68+0.40 99.30+0 . 37 t J .05+0. JS 43. 52+0. 41 89.ls+0 . 43 14 3. 20+0.52 140 . 40+0 . 36 !21.80+0 . 43 174.80 •· 0 . 52 

IL h J(J, 90+0. 61 J0.70+0.60 12.84+0.74 19 .18+0.78 15.63+0.62 18.88+0.58 16.67+0.65 17.75+0.71 18.47+0.66 13.04+0 . 64 13. l.2'0. 66 23.64 + o. 78 

I A.P. 28 . .13+0.61 16.88+0 . 59 10.10+0 .54 18.74+0.61 16.23+0 . 54 14.24+0 . 57 8. 33+0.5·· 20 . 56+0.62 24. 16+0.5A JO. 13+0. 68 /'J . Jl+0.67 22.06 + (l.64 
I 
~ 

'° N n f 2 1.42 +0, 85 9.00+0 . 89 33.84+0.92 49.66+0.BB 32.66+0.90 ! 4.23+0 . 92 16.88+0,94 15.60+0.93 24.00+0.95 27. 52+0. 94 •Ill. lf>flJ.95 33.Jl + 0 .94 

' 
·----~--~-------------------------------------~·---------------

Tut.50.27+<l.45 53.56+0.51 43.6s+0.47 56.97+0.47 63.25+0 . 49 t·2 . 46+0 . 49 35 . 45+0.49 54.45+0 . 49 Sl.29+0.4'/ 63.59+0.47 48.76+0. 42 53.87 + 0.46 

·~~~------~----------

r 11 . ~ termite hill , 11 .8.• eniaml burrow, t.h.• tree hollow 

Ii. t i .. 11..-n habitation, A.e.• animal enclosur, O.f.• open field, s ... site . 
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Appendix 3. SMeoneJ. vuiationt of Phlebotamine aandfliea bUed on the diVi•ion of the year into 2 climatoloqical pE>riods. 

,..ri911t area, NoY.191! - oet.1986. 

Dry period (NoV.85- Peb.and Sept.--Oct.86 

Termite Anilllal Tree H\llllU'I Animal ~ 

hill burrow hollow habitat. enclo•. field 

!·!!!ll!!l! 228 

! ·dubo!c9i 1 

.f.rodhaini 10 

! . .!ll!!L.lajll 0 

§..bedfordi ' 3192 

.§.antennatua 7061 

§.iaqrami 1124 

e ·•fticanua 312 

! . .!!!!!!!!. 
§..actiwetzi 

! . .!!!!!!.!. 
1.clxdei 

!· gL"isingeri 

!·SQU!!!\iPl. 

27 

220 

so 

28 

0 

0 

1\JTAL 127.52 

No .collection 135 

740 

121 

4 

0 

815 

7336 

640 

l76 

29 

115 

60 

50 

0 

0 

28 

0 

3 

0 

9978 

3198 

247 

232 

JO 

134 

34 

13 

0 

0 

10086 13897 

133 136 

70 

J 

0 

0 

1900 

2022 

195 

36 

51 

SJ 

51 

64 

0 

l 

4446 

235 

78 

11 

0 

0 

2778 

1960 

144 

74 

59 

40 

43 

57 

0 

5245 

238 

6 

0 

0 

0 

1129 

96) 

84 

JO 

307 

39 

25 

33 

0 

0 

2616 

78 

wet period(Mllr.-Au9.86) 

Termite Animal Tree Hll!lan Anilnal Open 

hill burrow hollow hllbit.1tt. enclos. f i p ld 

180 

13 

l 

0 

3303 

9104 

4379 

553 

70 

872 

176 

118 

0 

0 

18769 

121 

879 

156 

2 

0 

790 

5640 

944 

242 

11 

191 

130 

125 

1 

0 

9111 

121 

6 

J 

5 

0 

5528 

4570 

392 

250 

26 

136 

41 

26 

2 

0 

JOCHl'i 

115 

40 

2 

0 

0 

760 

1880 

57 3 

]7 

48 

Ll7 

152 

172 

0 

0 

3781 

226 

60 

9 

0 

0 

1991 

2064 

300 

4J 

43 

74 

123 

94 

0 

0 

4P!)J 

236 

2 

0 

0 

l 

566 

1245 

225 

} ] 

257 

54 

105 

11)7 

0 

0 

2585 

95 

Ave rage 90.75 75.83 102.18 18.91 22.03 33.SJ 155.11 75.29 95.52 16.73 20.34 21 . 21 

Tut.flies/season 

Tot.collection/•eason 

Average sandfit/collection/season 

48542 

955 

50.82 

50032 

914 

54.73 

'rol'M. 

2317 

319 

25 

l 

32729 

47043 

9247 

2008 

958 

2045 

990 

887 

3 

2 

98574 

1869 

52.74 



Appendi x 4. The coomon phlebotomine sandfly species as collected in the Marigat area dur i ng the perioo 1985/1986. 

Sandf ly Nov.85 Dec.85 Jan . 86 Feb.86 Mar . 86 Apr . 86 May . 86 Jun. 86 .Jul • 86 Aug. 86 Sept. 86 Oct. . 

-~. !nart i ni 2.27 2.35 2.04 2.05 2.25 2.35 2.07 1.97 l. 74 2.11 1. 82 l. ! 

£.. dubusc."qi 1.41 1.42 1.00 1.16 1.40 l. 73 l. 34 0.95 l.00 1.16 1.04 u. ·; 

P.rodhaini 0.51 0.56 0.60 0.58 0.24 0.41 0.35 o. 36 u.oo 0.19 0. 00 0. I ----
s.bedfordi 3.29 3.32 3.18 3. 16 3. 27 2.89 2. 42 3. 19 2.94 3. 46 3. 37 3. ' 

s.antennatus 3.28 3.39 3.37 3. 55 3.52 3.47 3. 27 3.33 J . 53 3.36 3. 30 3. - -I 

"' 2.48 "' §.. _i_n_g_ r ami 2.74 2.22 2.36 2. 73 3.18 2.82 2.99 2. 62 2. 72 2.18 l . l 
N 
I 

s.africanus 2.02 1.92 1.89 l. 99 2.16 2.10 .L. 94 2. 13 l . 89 2.27 1.96 j • l 

s .aff inis l.61 1.60 1.48 1.19 1.06 l. 66 1.68 1. 76 L. 79 1.83 1. 97 L • < - - .. __ 
s . sdi1,.1etz i 2.04 1.45 1. 37 1. 75 1.89 2.18 2. 34 2.41 I. 94 2.16 1.67 2. r 

s . a<:Jler i 1.45 1.38 l. 53 1. 70 l.57 2. 22 2. 12 l.87 l. 68 l.62 l. 27 l. < 

s . clyd~~ 1.42 l. 23 1.40 l. 79 l. 78 2. 30 1.89 l.83 J.58 1.18 1.13 I . ; 

Values are expressed into log(n+l) trans formation. 
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Appendi x 5. Monthly sandfly collections f ran termite hills . 

(Marigat area,19"85/86) 

November 1985 December 1985 January 1986 February 86 March 86 April 1986 

Males Fem . Tot . Male Fem. Tot. Male Fem. Tot. Male Fern. Tot. Male Fem. Tot. Male Fem. Tot.. 

1. P martini 43 20 63 23 16 39 39 11 50 33 14 47 33 I.I 44 37 23 60 

:.! • f . duboscqi 0 0 0 0 0 0 0 l l 0 0 0 3 2 5 2 4 6 

·1 . f . rodhaini 4 0 4 0 2 2 2 2 4 0 u 0 l 0 l 0 0 0 

4. s .bedfordi 320 444 764 60 103 163 149 316 465 101 174 275 199 248 447 78 llO 188 

". s. antenna. 622 473 1095 328 537 865 399 1085 1484 530 1138 1668 885 824 1709 707 584 1291 -
"· S. ingrami 476 240 716 56 48 104 40 41 81 33 31 64 234 138 372 622 692 1314 

7. s . african . 25 33 58 9 19 28 19 35 57 25 49 74 45 74 119 30 44 74 

A. s.atfinis 3 2 5 0 2 2 4 3 7 2 0 2 2 4 6 6 4 10 

9 . s.schwetzi 85 25 110 6 5 11 8 4 12 10 7 17 37 J 0 47 90 21 111 

lU .S .adleri 7 4 11 6 2 8 3 0 3 3 8 11 15 8 23 18 14 32 

1 1. S_.~lydei 5 0 5 2 0 2 4 0 4 4 2 6 15 3 18 25 0 25 

'JUrAL 1590 1241 2831 490 734 1224 6b7 1498 2165 741 1423 2164 1469 1322 2791 1615 1496 3111 

110. COLLECT. 26 19 25 25 25 21 

AVf.:AAGE 108.8 64.42 86 . 60 86.56 111 . 6 148.14 



termite hills (cofltinued) . 

May l986 June 1986 July 1986 August 1986 September 1986 Oct.ober 1986 . Total 

Ma le> f (->fl) . Tot. Male Fem. Tot. Male Fem. 'l'ot. Male Fem. Tot. Male Fem . 'l'ot. Ma h~ Fem. Tot. Male Fem. To t. 

2~ JO 38 12 7 19 6 1 7 11 l 12 12 l 13 12 4 16 289 119 4(1 

I 0 l l 0 l 0 0 0 0 0 u 0 () 0 0 0 0 7 7 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 lJ 0 0 7 4 

18 62 80 390 276 666 239 179 418 687 817 1504 350 671 1021 187 316 503 2778 3716 64 ll 

121 398 1119 676 476 1152 1584 745 2329 1041 463 1504 601 507 1108 436 405 841 8530 7635 l6l ' ·' 

369 275 644 686 290 976 345 140 485 391 197 588 70 41 111 3] 15 48 3355 2148 5511 

I 32 ] 'i 67 33 46 79 34 35 69 78 67 145 26 2 3 49 23 26 49 379 486 8li 
c:o 

0 9 57 '° 1 7 14 13 11 24 10 l 11 5 5 2 0 2 3 6 40 9 
N 
I 

Fi 4 160 92 70 6 76 111 47 158 23 7 30 29 11 40 773 319 l IJ 'I 114 228 252 

)J }6 47 31 12 43 8 3 11 16 4 20 11 2 13 2 2 4 141 85 ) l 
-'~ ( . 

n 0 33 33 0 33 7 0 7 2 0 2 5 u 5 6 0 6 141 5 J 11 

... ----···-· 
1374 B97 2271 2035 1210 3245 2303 1110 3413 2342 1596 3938 1100 .1252 2352 731 785 1516 16457 14564 31 IJ <' 

20 20 15 20 20 20 l'J 

113 . 55 162.25 227.53 196.90 lL 7. 60 75.80 L21. 



Appendix 6. Monthly sandf ly collections fran animal burrows. 

(Marigat area, 1985/86). 

-
Novent>er 1985 December 1985 January 1986 February 1986 March 1986 April 1986 

Male Fem. Tot. Male Fem. Tot. Male Fem. 'l'Ot. Male Fem. Tot. Male Fem. Tot. Male Fem. Tot . 

··---
\ . P.IMtt i ni 141 2:' 164 164 29 193 90 12 102 86 6 92 155 15 170 179 17 196 

; . f . duLossi 28 15 43 17 10 27 9 3 12 13 6 19 19 7 26 44 12 56 

3. P.codhaini 0 0 0 l 0 l 0 0 0 l 2 3 0 0 0 l 0 1 

4. ~-~fucdi 69 32 101 70 52 122 52 79 131 108 87 195 89 66 1 ~5 34 44 78 

I). s . antenna. 389 424 813 459 710 1169 362 879 1240 926 1024 1950 837 655 1492 673 421 1094 

6. S.in9rami 23 37 60 56 70 126 55 73 128 114 78 192 136 77 213 187 132 319 
I 7. s.african. 13 18 31 6 15 21 5 21 26 8 18 26 15 24 39 25 23 48 0\ 

'° -N 8. ~.aff inis 12 2 14 0 0 0 5 l 6 0 2 2 () 0 0 1 0 l I 

Q . s.schwetzi 21 2 23 10 0 10 8 2 10 32 12 44 1.9 7 26 30 9 39 ---·-
10.S .aclleri 2 0 2 3 0 3 4 28 32 10 5 15 5 6 1.1 22 30 52 ---
11 ·~·clJ'.dei 1 0 1 3 0 3 20 0 20 22 0 22 20 0 :w 64 0 64 

11.S.gcaing. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'1' 1rAL 699 553 1252 789 886 1675 610 1097 1707 1320 .1240 2560 1295 857 2152 1260 688 1948 

I" I. (..ULLF'C"I'. 27 18 23 25 25 21 

l\VEllAGE 46.37 93 . 05 74.21 102. 4 86. 08 92.76 
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animal burrcMs (continued). 

May l986 June 1986 July 1986 August 1986 September 1986 October 1986 · · Total 

Male Fem . Tot. Male Fem. Tot. Male Fern. Tot. Male Fern. Tot. Male Fem. Tot. Mal~ Fem . Tot. Male Fem. 'I'n ~ . 

~~~~· --~ ~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
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17 
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11 

10 
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0 
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0 

0 

279 

9 

7 

0 

16 

314 

18 

8 

l 

4 

l 

0 

0 

69 

15 

0 

31 

476 

36 

14 

l 

13 

2 

0 

0 

378 657 

15 
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Appendix 7. Monthly sandf ly collections from hwnan habitations 
(MaLigat area, 1985/86) . 

-
November 1985 December 1985 January 1986 February 1986 Ma rch 1986 April .1986 

Male Fem. Tot. Male Fem. Tot. Male Fem. Tot. Mele Pem. Tot . Ma.le Fern . 'l'ot . Male Fem. Tot. 

l .P.11irutini 24 18 42 4 l 5 8 5 13 2 4 6 8 2 10 4 2 6 

:l ._E . duboS£9.i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 0 l 

3.P.rodhaini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4. S . bedfordi 173 383 556 25 91 116 75 95 170 78 79 157 49 46 95 21 30 51 

5.S .antenn . 328 232 560 64 46 llO 169 124 293 177 133 310 144 41 185 167 50 217 

I 6 .§_. ingrami 62 52 114 5 4 9 5 4 9 4 9 13 11 12 23 37 43 80 .... 
...... 7.S. african. 5 9 14 1 1 2 1 3 4 2 1 3 2 1 3 4 2 6 N 
I 

8.S.aff inis 5 12 17 2 4 6 2 2 4 0 3 3 0 2 2 2 2 4 

9 .S.schwetzi 14 5 19 2 0 2 0 2 2 l 2 3 8 0 8 8 1 9 

10.S .adleri 8 12 20 2 0 2 3 l 4 7 3 10 2 l 3 23 25 48 

11.§_.clycJei 18 0 18 5 0 5 2 0 2 12 l 13 15 0 15 69 0 69 

12 .§_. squami . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

--· 
'll:"YI'AL 637 723 1360 llO 147 257 265 236 501 283 235 518 239 105 344 336 155 491 

IU . 1.,--0LLF,Cl'. 44 24 39 27 22 26 

IWERACE 30. 90 10 . 70 12. 84 19.18 l ':> .63 18.88 

____ ,. 



human habitation (continued) 

May 19H6 June 1986 July 1986 August 1986 September 1986 Octuber 1986 . Total 

Male Fem. Tot. Male Fem. Tot. Male Fem. Tot. Male Fem. Tot . Male Fern. Tot. Male F'em. Tot. Male Fem. Tot. 

5 6 11 2 0 2 8 1 9 1 1 2 2 2 4 0 u 0 68 42 liO 

0 l 0 0 0 0 0 0 0 0 0 3 0 3 0 0 0 5 0 ~) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

18 24 42 50 106 156 63 86 149 80 187 267 72 233 305 236 360 596 940 1720 2660 

190 14} 332 131 84 215 400 299 699 127 105 232 156 204 360 234 155 389 2287 1615 3911 / 

64 YB 162 85 74 159 63 44 107 15 27 42 21 16 37 8 5 13 380 388 1hB 

I 
6 2 8 4 2 6 2 5 7 3 4 7 3 4 7 3 3 6 36 37 ., 1 

N 
r--
N 

4 2 6 11 4 15 10 3 13 5 3 8 5 3 8 9 4 13 55 44 99 
I 

l7 / 4 41 21 15 36 12 4 16 0 7 7 2 4 6 18 3 21 103 67 l7U 

8 _Jr; 41 5 15 20 4 22 26 2 10 12 3 1 4 4 7 11 71 132 203 

21 0 21 30 0 30 27 0 27 10 0 10 10 2 12 10 4 14 229 7 n6 
u e 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 l l 0 1 _l 

--·-·-... .. -
334 J 33 667 339 300 639 589 464 1053 243 344 587 277 469 746 522 rJ4 2 1064 4174 4053 8227 

40 36 57 45 56 45 461 

16.67 17.75 18.47 13.04 13. 32 23.64 17.84 

··- . ---- .. _ ,, -
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' Appendix 8, Monthly sandf ly collections from animal enclosures 
(Marigat area, 1985/86). 

November 1985 December 1985 January 1986 February March 1906 April 1986 

Male Fem. TOt. Male Fem. Tot. Male Fem. Tot. Male Fem. Tot. Male Fein . Tot. Male Fem. 'l'ot. 

-··-
1. E. martini 37 5 42 5 1 6 9 2 11 6 0 6 12 3 15 7 7 14 

2. P.duboS£9,i 1 0 1 l 1 2 l l 2 0 0 0 l 0 l 0 0 0 

3 . P. codha ini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4.S.bedfordi 146 448 594 66 138 204 55 101 156 56 129 l85 64 76 140 36 25 61 

5. s. antenn. 255 190 445 74 79 153 93 95 188 127 113 240 145 65 210 114 40 154 

6 .§_. i ngtanU:, 29 17 46 20 2 22 7 6 13 8 17 25 14 1 2 26 30 20 50 
I 

(""l 

7 .S.african. 18 12 30 3 4 7 4 1 5 2 4 6 2 L 3 3 l 4 
" N ·-
I 

8 .~ .• 'i f p ni s 3 3 6 7 12 19 1 3 4 0 L l 1 2 3 0 4 4 

9.s . schwe t z i 4 6 10 1 0 l 0 2 2 3 ] 4 3 5 8 7 2 9 

10 . .§.·.!~~ 4 3 7 3 2 5 2 2 4 6 7 13 4 4 8 9 20 29 

11 .§_.clyde i 5 0 5 3 0 3 9 0 9 25 l 26 8 0 8 31 0 31 

12 .s ·2~'!!!· 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'ITYTAL 502 684 1186 183 239 422 181 213 394 233 273 506 254 168 422 237 119 356 

fM). C01.I.Et'T , 42 25 39 27 26 25 

AVEPAGE 28.23 16.88 10.10 18 . 74 16.23 14.24 



animal enclosures (continued) 

May 1906 June 1986 July 1986 August 1986 September 1986 October 1986 . Total 

t\dle Fern. Tot. Male Fem. Tot. Male Fern. Tot. Male Fern. Tot. Male Fem. Tot • Male Fem. Tot. Male Fem • Tot. 

. 
7 2 9 5 2 7 10 1 11 3 l 4 4 0 4 8 1 9 113 25 l 3f 

4 I) 4 1 0 1 l 0 l 2 0 2 5 0 5 l 0 l 18 2 )( 

0 0 0 0 0 0 0 0 (l 0 0 0 0 0 0 0 0 0 0 0 I 

18 "27 45 100 234 334 107 278 385 288 738 1026 299 772 1071 169 349 568 1404 3365 476' 

110 59 169 175 143 318 403 390 793 199 221 420 278 260 538 230 166 396 2203 1821 4UJ< 

19 23 42 50 23 73 27 31 58 28 23 51 7 19 26 6 6 12 245 199 441. 

I l l 2 6 2 8 8 4 12 12 2 14 7 7 14 3 9 12 69 48 11.-, 
._,. 
,..... 

'/. 3 5 4 l 5 5 4 9 12 5 17 14 8 22 5 2 7 54 48 HJ~ 
N 
I 

8 3 11 17 7 24 12 3 15 4 3 7 2 5 7 11 5 16 72 42 llL 

8 21 29 6 12 18 8 15 23 9 7 16 l 6 7 3 4 7 63 103 16~ 

9 0 9 14 0 14 22 0 22 10 0 10 5 1 6 6 2 8 147 4 E>l 

0 (} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l l 0 l 

186 139 325 378 424 802 603 726 l329 567 1000 1567 622 10';"8 1700 44 2 595 1037 4388 5658 10041 

39 39 55 52 58 47 47, 

8.33 20.56 24.16 30.13 29.31 22.06 21.1 ~ 



Appendix 9. Monthly sandf ly collections from tree holes/hollows. 

(Mari9at area, 1985/86). 

-
November 1985 December 1985 January 1986 February 1986 March 19B6 April 1986 

Male Fem. Tot. Male Fem. Tot . Male Fem. Tot. Male Fem. Tot. Male Fem. Tot. Male Fem. 'I'ot . 

I .£.martini 12 2 14 5 4 9 2 0 2 3 0 3 1 1 2 l 0 1 

2.P.duboS2Ji 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 

1. P. t odhaini 0 0 0 0 0 0 l 0 1 0 l 1 0 u 0 l 0 l 

4 .§_. bedfordi 353 1024 1377 476 1241 l 7J7 495 960 1455 430 632 lu62 713 8 39 1552 207 299 506 

5.S.anterv1. 264 155 419 280 200 480 250 172 422 367 192 559 462 166 628 364 153 517 
I 

U"I . 
6.S . ingr~ 45 61 106 35 36 71 12 4 16 6 J 9 43 l.J 56 34 20 54 ....... 

N 
I 7.~.afri~. 33 15 48 21 13 34 20 15 35 7 12 19 14 14 28 5 12 17 

8.S.aff inis 3 l 4 13 0 13 5 l 6 l 0 l 0 0 0 l l 2 

Q.S.schwetz i 22 6 28 6 1 7 4 l 5 0 J 3 4 H 12 14 2 16 

10 .s. adleri 6 0 6 8 0 8 7 l 8 3 1 4 0 u 0 7 l 8 
- -- ~·--

11 . .§_.clydei 3 0 3 1 0 l 3 0 3 6 0 6 6 0 6 10 0 10 

12 .s. g_raj.fill. 0 0 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0 

'l'O'l'AL 741 1264 2005 845 1495 2340 799 1154 1953 823 844 1667 1243 1041 2284 647 488 11 35 

N<) • COI.J..ECT. 29 17 25 25 23 18 

AV8AA<._;E 69.13 137. 6 78.12 66.68 99.30 63 .05 



tree holes/hollows (continued) 

May 1986 June 1986 July 1986 August 1986 Septenber 1986 OctolJPr 1986 Total 

'----
Ma le Fem . Tot . Male Fern. Tot. Male Fem. Tot. Male Fem. Tot. Male Fern . Tot. Male Ft:>m. Tot. Male Fem. Tot. 

l (l l l 0 1 0 0 0 1 0 l 0 0 0 0 0 0 27 7 J4 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 J 

2 0 2 0 l 1 0 0 0 0 1 1 0 0 0 0 1 l 4 4 H 

81 124 205 376 477 853 276 239 515 J45 1052 1897 692 1041 1733 907 1727 2634 5851 9655 15506 

116 211 527 354 345 699 1161 375 1536 434 229 663 340 243 583 469 266 735 5061 2707 776H 

25 16 41 62 49 111 19 11 30 80 20 100 22 6 28 10 7 17 393 246 639 

I 14 8 22 34 27 61 19 9 28 53 41 94 27 37 64 23 9 32 270 212 48 / 

"' ...... 9 l 10 2 N l 3 4 0 4 6 l 7 2 0 2 3 L 4 49 7 '>fJ 
I 

11 3 14 30 5 35 26 2 28 26 5 31 15 7 22 64 s 69 222 48 }71 ! 

3 0 3 9 2 11 6 0 6 12 l 13 4 0 4 4 0 4 69 6 'l'.J 

2 0 2 7 0 7 0 0 0 1 0 1 0 0 0 0 0 0 39 0 3'1 

0 I) 0 0 1 l l 0 l 0 0 0 0 0 0 0 u 0 1 l l 

464 363 827 875 908 1783 1512 636 2148 1458 1350 2808 1102 1334 2436 1480 2016 3496 11989 12893 24882 

19 20 15 20 20 20 2'"> l. 

43.52 89.15 143.20 140.40 121. 80 174.80 99 . l 3 



Appendix 10. Monthly sandf ly collections from the open field. 

(Marigat area, 1985/86). 

-
NoventJer 1985 Decent>er 1985 January 1986 February 1986 March 1986 April 1986 

Male Fem. Tot. Male Fern . Tot . Male Fem. Tot. Male Fem. Tot. Male Fem . Tot. Male Fem. Tot. 

1. £. ~.!'l!.!.!i 0 0 0 l 0 l 0 1 1 2 l 3 2 0 2 0 0 0 

2 • .f. dubos~i G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.f. Lodhaini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4.P. oriental . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 . S.bedfordi 15 49 64 11 38 49 70 86 156 56 91 147 52 37 89 49 46 95 
I -,..._ 

6 .S.antenn. 33 13 46 8 6 14 120 100 220 138 94 232 172 45 217 324 68 392 ,..._ 
N 
I 7. s. ingr ani. 4 3 7 5 2 7 7 20 27 4 11 15 7 19 26 33 40 73 

8.S.african. 3 l 4 0 2 2 l l 2 3 3 6 0 l l 6 0 6 

9 .§_. af fin is 0 25 25 0 4 4 6 16 22 5 6 11 1 2 3 22 13 35 

10.S.schwet zi l 2 3 0 0 0 3 3 6 1 5 6 2 0 2 14 l 15 

11.S. adleri 2 0 2 0 0 0 l 3 4 l 14 15 l 2 3 16 21 37 

12.§_.clydei 13 0 13 4 0 4 2 0 2 12 0 l 2 13 0 13 51 1 52 

'lUl'AL 71 93 164 29 52 81 210 230 440 222 225 447 250 106 356 515 190 705 

NO . COLLECT'. 7 9 13 9 11 13 

AVEHAGE 23.42 9.00 33.84 49.66 32.66 54.23 
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open field (continued) 

f·1ay 19 86 June 1986 July 1986 August 1986 September 1986 October 1986 . ·Total 

11.tle Fem. Tot. Male Fent. Tot. Male Fem. Tot. Male Fem. Tot. Male Fem. Tot. Male Fem. Tot. Male Fem. Tot. 

0 

0 

0 

0 

12 

93 

18 

0 
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9 
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