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STELLINGEN 

1. Het gebruik van blauwe doeken, behandeld met insecticiden is, in tegenstelling tot 
wat Horeth-Bontgen beweert, geen doeltreffende en economische manier om G. 
austeni te bestrijden. 

Horeth-Bontgen, D. (1992) Control of Glossina austeni and cattle trypanosomiasis on 
Unguja island by deltamethrin pour-on application to livestock and with stationary targets 
in cattle free zones. In: Tsetse control, diagnosis and chemotherapy using nuclear 
techniques, IAEA-TECDOC-634, 213-218. 

2. Voorlopige resultaten van onderzoek naar het gastheerzoekgedrag van G. austeni 
zijn aanleiding om meer aandacht te besteden aan de invloed van geur op 
gastheerlocatie. 

Madubunyi, L.C. (1990) Ecological studies of Glossina austeni Newstead at Jozani forest, 
Unguja island, Zanzibar. Insect Science and its Application 11, 309-313 en 'Dit 
proefschrift'. 

3. Toepassing van de 'pour-on' technologie op wilde dieren schijnt een vergezochte 
en on-orthodoxe manier van tsetsebestrijding te zijn, maar het zou vruchtbare 
resultaten kunnen opleveren voor moeilijk te bestrijden vliegen zoals G. austeni. 

Thomson, M.C. (1987) The effect on tsetse flies (Glossina spp.) of deltamethrin applied 
to cattle either as spray or incorporated into eartags. Tropical Pest Management 33, 
329-325. 
Bauer, B., Petrich-Bauer, J. Pohlit, H. and Kabore, I. (1988) Effects of flumethrin 
pour-on against Glossina palpalis gambiensis (Diptera: Glossinidae). Tropical Medicine 
and Parasitology 39, 151-152. 

4. Het vervangen van vers bloed door een kunstmatig dieet om de in-vitro techniek 
voor het kweken van grote aantallen tsetsevliegen in de nabije toekomst in Afrika 
te verbeteren, is geen bruikbare optie. 

Kabayo, J.P., Taher, M. & Van der Vloedt, A.M.V. (1985) Development of a synthetic 
diet for Glossina (Diptera: Glossinidae). Bulletin of Entomological Research, 75, 635-640. 

5. Een vergaande automatisering van het kweken en distribueren van tsetsevliegen is 
een conditio sine qua non om de steriele insekten techniek voor het op grote schaal 
bestrijden van tsetsevliegen betaalbaar en technisch mogelijk te maken. 

'Dit proefschrift'. 

6. De opinie dat tsetse uitroeiingsprogramma's het bestaan van de nationale parken in 
Afrika bedreigen getuigt van kortzichtigheid. 

Tarangire National Park. Published by the Tanzanian National Parks in association with 
the African Wildlife Foundation. 



7. Tsetse bestrijdingsprogramma's die steunen op het gebruik van vallen en 'targets' 
in combinatie met deelname van de lokale bevolking laten, in tegenstelling tot wat 
beweerd wordt door Dransfield e.a., vaak te wensen over. 

Dransfield, R.D., Brightwell, R., Kyorku, C. & Williams B. (1990) Control of tsetse fly 
(Diptera - Glossinidae) populations using traps at Ngurunian, south-west Kenya. Bulletin of 
Entomological Research, 80, 265-276. 

8. Privatisering van de veterinaire diensten in Afrika schijnt de enige zinvolle 
oplossing te zijn om weer tot een efficiënte dienstverlening te komen. 

9. Het ontbreken van wetenschappelijke eerlijkheid in ontwikkelingsprogramma's die 
steunen op technische 'know-how' kan leiden tot het mislukken van de 
programma's. 

10. De val van het communisme en de invoering van een vrije markteconomie in de 
voormalige Sovjet Unie vormen een enorme bedreiging voor flora en fauna in de 
ongerepte natuurgebieden van Siberia. 

11. De opinie dat het actief beoefenen van sport een ideaal middel is tot vermagering 
berust op een misvatting. 

Stellingen behorende bij het proefschrift "Radiation induced sterility to control tsetse 
flies" door Marc J.B. Vreysen. 

Wageningen, dinsdag 19 december, 1995 



To Carine, who went the extra mile with me 
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Samenvatting 

Samenvatt ing 

Genetische bestrijding van tsetse vliegen is mogelijk door ofwel (a) 
mannelijke vliegen met dominante lethale mutaties in de zaadcellen, 
veroorzaakt door bestraling van de poppen of adulte vliegen, vrij te 
laten in het te behandelen gebied, ofwel (b) het aanwenden van hybride 
steriliteit door het loslaten van verwante tsetse-soorten of onder
soorten. In dit proefschrift wordt de invloed van bestraling en 
hybridisatie op de voortplantingsbiologie en overleving van 
verschillende soorten van tsetse vliegen beschreven. Het bel icht 
eveneens enkele aspecten van het vrijlaten van steriele vliegen in het 
veld. 

De belangrijkste resultaten kunnen als volgt worden samengevat: 

(1) In het eerste gedeelte van het proefschrift wordt de invloed van 
een toenemende dosis gamma-bestraling op de voortplanting en 
levensduur van drie economisch belangrijke soorten van tsetse 
vliegen beschreven. Een dosis van 50 Gy, 80 Gy en 120 Gy 
veroorzaakte 95% dominante lethale mutaties in de zaadcellen van 
respectievelijk G. brevipalpis, G. fuscipes fuscipes en G 
tachinoides. De bestraling had geen negatieve invloed op het 
inseminatievermogen van de mannelijke vliegen en op de 
beweeglijkheid van de zaadcellen (hoofdstuk 2). De gemiddelde 
levensduur van de bestraalde steriele mannetjes was beduidend 
korter dan van een controle groep, met uitzondering van mannetjes 
van de soort G. brevipalpis, die na behandeling met een dosis van 1 0 
- 40 Gy significant langer leefden. Het hoger aantal dominante 
lethale mutaties in de zaadcellen van de 3 soorten was te merken 
aan het toenemend aantal vrouwtjes dat na paring 
onevenwichtigheden vertoonden in uterusinhoud en ovariële 
ontwikkeling. Dit onderzoek toonde aan dat verschillende soorten 
van tsetse vliegen in verschillende mate gevoelig zijn voor 
bestraling. 

(2) De invloed van ioniserende bestraling op G. tachinoides poppen 
wordt behandeld in de hoofdstukken 3 tot 5. Bestraling in lucht van 
25-28 dagen oude poppen met een dosis van 10 tot 120 Gy, had geen 
negatieve invloed op hun ontwikkeling (Hoofdstuk 3). Op een 
leeftijd van 15 tot 20 dagen waren mannelijke poppen gevoeliger 
voor bestraling dan vrouwelijke. Behandeling van 25-28 dagen oude 
poppen veroorzaakte bovendien een hogere graad van steriliteit dan 
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behandeling van volwassen vliegen met dezelfde dosis. Bestraling 
in lucht kan worden uitgevoerd op G tachinoides poppen vanaf een 
leeftijd van 20 dagen, om steriele mannetjes te verkrijgen met een 
bepaalde levensverwachting, te weten een residuele vruchtbaarheid 
van 5% of minder en een levensverwachting van 20 dagen of meer. 
Bestraling van jongere poppen resulteerde in een hogere 
mortaliteit van de poppen of een verminderde inseminat ie
capaciteit van volwassen mannetjes. 
Behandelen van poppen in de middenfase van hun ontwikkeling bleek 
mogelijk indien de bestraling plaats vond in een stikstof atmosfeer 
en ze toegediend werd in 2 doses; 10 en 30 Gy met een interval van 
2 dagen of 10 en 50 - 70 Gy met een interval van 5 dagen 
(Hoofdstuk 4). Ten einde de periode van bestraling tot ontpopping 
te verlengen, werd een periode van koeling toegepast gedurende de 
popontwikkeling. De resultaten waren echter ontgoochelend. 
Slechts mannelijke vliegen, die als 5 dagen oude poppen 
geincubeerd waren bij 15 °C gedurende 9 dagen, en bovendien 
bestraald werden met 10 Gy in lucht, bleken steriele vliegen met 
voldoende levensverwachting op te leveren. De conclusie is dat 
tsetse poppen (G. tachinoides), bestraald tijdens de middenfase 
van hun ontwikkeling, steriele mannetjes van goede kwa l i te i t 
kunnen leveren. 

(3) Vrouwelijke vliegen, behandeld met gamma-stralen kunnen 
vrijgelaten worden voor entomologische evaluatie campagnes (bv. 
in gebieden met een lage populatiedichtheid), of om uitroeiing van 
een populatie te bevestigen. Een lage dosis gamma-stralen (40 -
60 Gy), toegediend aan G. austeni poppen in de laatste fase van hun 
ontwikkeling of aan volwassen vliegen (2 - 9 dagen oude G. austeni 
en G. tachinoides) konden volledig gesteriliseerd worden zonder het 
paringsgedrag te veranderen (Hoofdstukken 6 en 7). Bestraalde 
vrouwelijke vliegen bleven tot 15 dagen na ontpopping 
paringsbereid (84% en 32-42% paring bij respectieveli jk G. austeni 
en G. tachinoides). De ontwikkeling van de follikels in de ovariolen 
was afhankelijk van het tijdstip van bestraling. Vrouwel i jke, 
ongepaarde G. austeni vliegen, al dan niet bestraald, vertoonden tot 
op de leeftijd van 15 dagen paringsbereidheid met niet bestraalde 
mannetjes (vastgesteld tijdens proeven in laboratoriumkooien). 
Dit gold ook voor G tachinoides tot op de ouderdom van 12 dagen. 
Bestraalde en niet -bestraalde G ausfen/'-vliegen en bestraalde 
G.fac/i/no/des-vliegen vertoonden een hoge graad van meervoudig 
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paren. Verhoging van de totale bestralingsdosis en het bestralen 
van oudere vliegen verminderde het meervoudig paringsgedrag. 

(4) Het tweede gedeelte van het proefschrift handelt over het kruisen 
van verwante ondersoorten. G. palpalis palpalis (Gpp) en G. palpalis 
gambiensis (Gpg) (Hoofdstuk 8) en de soorten Gpp en G. fuscipes 
fuscipes (Gff) (Hoofdstuk 10) kruisten zich gemakkelijk in het 
laboratorium en niets wees op selectieve paring. Het bestralen van 
Gpp- en Gpg -mannetjes met een dosis van 120 Gy veranderde het 
gedrag niet gedurende het paren met vrouwtjes van de andere 
ondersoort en alle bevruchte vrouwtjes waren steriel. Proeven 
waarbij niet bestraalde, ongepaarde Gpp-vrouwtjes samengebracht 
werden met niet bestraalde Gpp-mannetjes en bestraalde Gpg-
mannetjes, wezen uit dat het aantal nakomelingen van de Gpp-
vrouwtjes proportioneel afnam met een toenemend aantal s ter iele 
Gpg mannetjes. Dit niet selectieve paringsgedrag tussen soorten 
of ondersoorten van de palpalis groep kan aangewend worden in 
uitroeiïngscampagnes door bestraalde steriele mannetjes van de 
ene soort vrij te laten in het gebied van de andere (Hoofdstuk 8) 
Beide ondersoorten konden worden onderscheiden op basis van de 
breedte van de terminale dilatatie van de inferieure claspers van 
mannelijke Gpp- en Gpg -vliegen (hoofdstuk 10). Mannelijke 
hybriden vertoonden tussenliggende waarden maar de gemiddelde 
grootte van de terminale dilatatie werd beinvloed door de 
maternale afkomst. Vrouwelijke Gpp- en Gpg-vliegen konden 
worden gescheiden (met een geringe overlapping (7%)) op basis van 
morfometrische waarden van de lengte en breedte van de dorsale en 
anale platen. Vrouwelijke hybriden vertoonden tussenliggende 
waarden en een overlapping van 18%. 
Teneinde een Gpp-paring van een Gff-par'mg te onderscheiden, 
wordt een methode beschreven gebaseerd op de parameters lengte, 
breedte en de afstand tussen de middelpunten van de 
paringslittekens van de 2 soorten (Hoofdstuk 11). 

(5) In het derde gedeelte worden enige aspecten van het operationeel 
SIT programma tegen G. ausfen/'-vliegen op Unguja (Zanzibar) 
belicht. Speciale aandacht wordt besteed aan evaluatiemethoden en 
aan kwaliteitscontrole van de steriele mannetjes. 
Panelen bezet met een kleefstof worden gebruikt als a l ternat ief 
voor normale tsetsevallen om G. ausfen/'-populaties te evalueren. 
De doeltreffendheid van de verschillende soorten panelen om G 
austeni te vangen op Unguja werd nagegaan (Hoofdstuk 13). De 
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verschillende vorm- en kleur-combinaties van een bepaald, met 
kleefstof bestreken paneel (monopaneel), hadden geen invloed op 
het aantal gevangen vliegen en op hun geslachtsverhouding. Met 
"voetpanelen" (voorzien van vierkante platen aan de onderzijde), 
blauw gekleurd aan de ene zijde en wit aan de andere, werden 
signifikant meer vliegen gevangen dan met panelen in andere 
kleurcombinaties. Deze "voetpanelen" vingen echter beduidend 
minder vrouwtjes. De grootte van de vangst en de geslachts
verhouding werden in grote mate beinvloed door het soort van 
kleefstof. Significante associaties werden gevonden tussen 
paneelkleur/kleefstof, leeftijdssamenstelling en moment van 
voortplantingscyclus van de vouwelijke vliegen. 

(6) De kwaliteit van bestraalde mannelijke G. austeni vliegen werd 
onderzocht zowel in het laboratorium na behandeling, gedurende 
transport met een klein vliegtuig van het kweekcentrum naar 
Unguja , als na vrijlating in het veld (Hoofdstuk 14). Van de ruim 
800.000 vervoerde steriele mannetjes werden er meer dan 90% in 
het veld vrijgelaten. De gemiddelde levensduur van de vr i jgelaten 
vliegen, berekend aan de hand van het aantal teruggevangen vliegen, 
lag tussen de 5 à 7 dagen, met een dagelijkse mortaliteit van 1 0 
tot 14%. In het veld werd de paringsfrequentie bepaald aan de hand 
van metingen van de breedte van het apicale einde van de b i jk l ieren 
van mannelijke vliegen . 

(7) De invloed van doeken behandeld met insecticiden gevolgd door het 
vrijlaten van steriele mannetjes, op de G. austeni vliegenpopulatie 
op het eiland Unguja, wordt besproken in het laatste hoofdstuk 
(15). Het plaatsen van 30 to 70 blauwe doeken per km2, verminderde 
na een periode van 16 maanden de vliegenpopulatie tot 3 à 36% ten 
opzichte van de oorspronkelijke populatiedichtheid. Ook tijdens het 
vrijlaten van steriele mannetjes bij een verhouding van 3 à 5 
steriele mannetjes per fertiel mannetje, bleef de vliegenpopulatie 
zeer laag. Zestien tot 27% van de wilde vrouwelijke vliegen bleek 
steriel als gevolg van een paring met een bestraald mannetje. 



Summary 

Summary 

The induction of dominant lethal mutations by exposing tsetse flies as 
pupae or adult insects to ionising radiation and the use of hybrid 
sterility resulting from crosses of closely related tsetse species or 
subspecies, are potential methods of genetic control of tsetse flies. In 
this thesis the effects of radiation and hybridisation on the 
reproductive biology and fitness of several species of tsetse flies has 
been examined. In addition, aspects of field releases of sterile insects 
have also been examined. The major findings can be summarised as 
fo l lows: 

(1) In the first part of the work presented here, the effects on 
reproduction and survival of three important economic species 
following exposure to increasing doses of gamma radiation of adult 
male flies were investigated. A dose of 50 Gy, 80 Gy and 120 Gy 
induced 95% dominant lethal mutations in the sperm of G 
brevipalpis, G. f. fuscipes and G. tachinoides respectively, w i thout 
any negative effects on the insemination potential of the male 
flies and sperm motility (chapter 2). The average longevity of the 
sterilised males was significantly reduced as compared to 
untreated control males, except for G. brevipalpis. On the contrary, 
male G. brevipalpis, treated with doses between 10 and 40 Gy 
showed a significant radiation induced increase in average l i f e 
span. The higher proportion of dominant lethals in the sperm of the 
three species was reflected in increasing proportions of the i r 
female mates showing imbalances between uterine content and 
ovarian development. It can be concluded that different species of 
tsetse display different levels of radio-sensitivity, 

(2) A series of papers (chapter 3-5) reports on the effects of ionising 
radiation on G. tachinoides pupae. Radiation treatments in air up to 
120 Gy, administered to 25-28 day old pupae, had no negative 
effect on pupal development (chapter 3). At younger stages (15 -
20 day), male pupae were more susceptible to radiation t reatments 
than female pupae. Treatment of 25-28 day old pupae resulted in 
higher levels of sterility compared to adult flies, treated with the 
same dose. Twenty day-old G. tachinoides pupae are the youngest 
stages which can be treated in air to obtain sterile males w i t h 
adequate survival i.e. a residual fertility of < 5% and average 
longevity > 20 days. Treatment of younger pupae resulted in high 
pupal death, increased mortality during the first week of thei r 
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adult life or reduced male insemination capacity. Treating pupae 
in the mid pupal phase was feasible provided the radiation 
treatment was administered in a nitrogen atmosphere and in doses 
split into 2 fractions (total dose of 40 Gy separated by 1-2 days 
(day 15-17) or total dose of 60-80 Gy separated by 5 days (day 1 5-
20)) (chapter 4). Combining an irradiation treatment with a cooling 
period, with the aim to further increase the time frame between 
the radiation treatment and eclosion, was limited. Only male f l i es , 
incubated as 5 day old pupae at 15°C for 9 days and irradiated w i t h 
10 Gy in air on day 20 PL could be rendered sterile with adequate 
survival (chapter 5). These experiments demonstrated that good 
quality, sterile males can be obtained by irradiation of tsetse 
pupae (G. tachinoides) in the mid-pupal phase, 

(3) Gamma sterilised female flies can be deployed for entomological 
monitoring in areas with low native fly densities or to confirm the 
status of eradication after termination of control operations. Low 
doses of gamma radiation (40-60 Gy) administered to late stage 
pupae (G austeni) or to 2 - 9 day old adults (G. austeni and G 
tachinoides) induced complete sterility without affecting mating 
behaviour (chapter 6-7). Treated female flies remained highly 
receptive to mating up to 15 days following emergence (84% and 
33-42% mating response for G. austeni and G tachinoides 
respectively). The dynamics of the follicle development were 
influenced by the timing of the radiation treatment. Virgin 
untreated and treated female G austeni were equally receptive (up 
to the age of 15 days) to mating with untreated males in laboratory 
cage tests. The same observation was made with G tachinoides up 
to the age of 12 days. A high degree of multiple mating was 
observed for both untreated and treated G austeni and treated G 
tachinoides. The rate of multiple mating decreased w i t h 
increasing radiation doses and with treatments administered later 
in the female life. 

(4) The second part of the work presented, concentrated on cross
breeding of closely related palpalis species. 
The closely related oubspecies G palpalis palpalis (Gpp) and G 
palpalis gambiensis (Gpg) (chapter 8) and the species G palpalis 
palpalis and G fuscipes fuscipes (Gff) (chapter 10) hybridised 
readily in the laboratory. No indicating of selective mating was 
observed during laboratory cage tests. 



Summary 

The mating behaviour of Gpp and Gpg in intersubspecific matings 
with gamma treated males (120 Gy) was not altered and complete 
sterility was induced in all inseminated female mates. In rat io 
tests with untreated virgin Gpp females, untreated Gpp males and 
increasing ratios of gamma sterilised Gpg males, a gradual 
decrease in production of viable offspring was observed. The use of 
the high hybridisation capacity of the two subspecies in 
combination with radiation induced sterility is proposed fo r 
genetic control (chapter 8). 
The two subspecies Gpp and Gpg could be separated morpho-
metrically based upon the width of the terminal dilatations of the 
inferior claspers (chapter 10). Male hybrids had intermediate 
values but the average size of the head of the parameres was 
influenced by maternal descendance. Females Gpp and Gpg could 
likewise be separated with minimal overlap (7%) based upon the 
length and width of the dorsal and anal genital plates. Female 
hybrids had intermediate values and characteristics overlapped for 
18%. 
A method was described to discriminate between matings of Gpp 
and Gff based upon the parameters length, width and the distance 
between the centres of the mating scars of the two species 
(chapter 11). 

(5) In the third part, some aspects of the ongoing SIT programme on 
Unguja island against G. austeni are highlighted with special 
reference to monitoring and quality control procedures of the 
sterile males. 
Panels, made sticky with a non-setting adhesive, are used as an 
alternative for monitoring populations of G. austeni. The ef f ic iency 
of the various models for catching G. austeni on Zanzibar was 
tested (chapter 13). Panel shape and different colour combinations 
of one type of sticky panel (monopanel) had no effect on catch rate 
and sex ratio. Legpanels, coloured blue on one side and white on 
the other, caught significantly more flies than all other colour 
combinations but female flies were significantly undersampled. 
The type of non-setting adhesive used for rendering the surface of 
the panels sticky, influenced significantly the catch rate and 
female ratio. Significant associations were found between panel 
colour/sticky material, age composition and reproductive status of 
the female flies in the sample. 



Summary 

(6) Quality of gamma sterilised male G. austeni was assessed in the 
laboratory (after handling), during transport by light aircraft ( from 
the mass rearing facility to the island of Unguja, Zanzibar) and 
after release in the field (chapter 14). More than 800,000 s ter i le 
males were transported of which more than 90% were actually 
released. Average survival of released flies, based upon recapture 
data, fluctuated between 5-7 days with a daily mor ta l i ty 
estimated at 10-14%. Mating frequency of recaptured s ter i le 
males was estimated based upon the measurements of the width of 
the apical body of the accessory glands. 

(7) the impact of Insecticide Impregnated Screens followed by the 
release of sterile males on the G. austeni population in the Jozani 
forest on Unguja island was assesssed. Blue cloth screens, 
impregnated with insecticides and deployed at densities of 30-70 
per km2, reduced the original G. austeni fly population density to 3 
- 36% of its initial level after 16 months. The native f l y 
population remained very low following releases of sterile males. 
An average ratio of 3-5 sterile males for 1 fertile male was 
obtained. With these ratios, a level of 16 - 27% induced s t e r i l i t y 
was observed in the wild female fly population. 
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' In modern entomology, the issue is not to control insects but how to control them' 
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Introduction 

1. Tsetse flies and trypanosomiasis in Africa 

There are 23 living tsetse fly species and 8 subspecies known to 
science (Moloo, 1993). Together with the four fossil species, located in 
the Florissant beds of Colorado, they are placed within the genus 
Glossina (Buxton, 1955). They are the vectors of a debilitating and 
commonly fatal disease of domestic livestock (animal trypanosomiasis 
(nagana)) and humans (sleeping sickness). Tsetse flies occur in 38 
African countries and their distribution covers approximately 10 

million km2. The disease is considered the most important l im i t ing 
factor for the development of the livestock sector in Africa. With more 
than 50 million cattle at risk of becoming infected with the disease, 
the direct losses in animal production and reproduction due to 
morbidity, mortality, infertility and the operation of t se tse / 
trypanosomiasis control operations is estimated at > US$ 500 mi l l ion 
annually (ILRAD, 1993). Moreover, according to figures provided by the 
WHO, 20,000 new cases of human sleeping sickness are reported every 
year. 

The disease is caused by various species of Trypanosoma, parasit ic 
protozoa found in the blood and tissues of a wide variety of vertebrate 
hosts. The link between tsetse flies, the trypanosomes and the disease 
was only discovered in 1895 (Bruce, 1895). Tsetse t ransmit ted 
trypanosomes are elongated protozoans with a single nucleus. A 
flagellum, attached to the body by means of an undulating membrane, 
provides the necessary propulsion. All tsetse transmitted trypanosomes 
are classified in the Section Salivaria, Family of Trypanosomatidae 
which contains four Subgenera: Dutonnella, Nannomonas, Trypanozoon 
and Pycnomonas (Table 1). The various species can be distinguished by 
morphological characters, epidemiological differences and the site of 
development in the tsetse fly. When the trypanosomes are ingested by 
the fly together with the mammalian host's blood, they undergo a cycle 
of development within the insect. Trypomastigote forms, found only in 
the gut of the insects, migrate to the mouth parts or salivary glands 
where they are transformed into epimastigote forms and finally into 
metacyclic forms which are infective to the mammalian host. The 
duration of the cycle depends on the trypanosome species and the 
temperature. 

2. Tsetse species and their distribution with special 
reference to those used in this study 

The genus Glossina is divided into 3 distinct groups based upon the 
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Introduction 

external genital organs of the male flies (Newstead, 1911). The groups 
are not only clearly separated by morphological characters but by 
marked differences in their habitat requirements (Glasgow, 1970). The 
genus is restricted to the African continent but G. tachinoides (Scott, 
1939) and recently G. m. submorsitans and G. f. fuscipes (Elsen et al., 
1990) have been recorded on the Arabian Peninsula. The northern l i m i t 
of their distribution corresponds with the southern edges of the Sahara 
and the Somali deserts. In the south, no tsetse flies are found south of 
the northern borders of the Kalahari and the Namibian desert and in the 
eastern part below 20 - 29° S. 

a. the fusca group (subgenus Austenina ) (Haeselbarth era/., 1966) 

Most of the species belonging to this group are of little or no economic 
importance as their habitat is confined to the lowland rain forests (G 
haningtoni, G. nashi, G. tabaniformis, G. vanhoofi, G. severini and G 
nigrofusca), the border areas of the forest and isolated relic forests (G. 
fusca, G. schwetzi, G. fuscipleuris, G. medicorum and G. nigrofusca) 
(Fig. 1). All species are difficult to trap, are not attracted by and 
rarely feed on man (Jordan, 1986). In East Africa, G. brevipalpis (the 
only species of this group used in the present study) is of localised 
importance and inhabits forest islands often associated with water 
courses (Ford, 1970; Jordan, 1986) whereas G. longipennis inhabits the 
more arid regions. Morphologically, the members of this group are 
characterised by superior claspers which are completely f ree 
(Newstead et ai, 1924). 

b. the palpalis group (subgenus Nemorhina ) 

The distribution of these species is likewise associated with lowland 
rain forest but their habitat is extended along river systems in the 
humid savannah (Fig. 1) (Jordan, 1986). Four of the palpalis species 
were used in this study: Glossina palpalis palpalis, Glossina palpalis 
gambiensis, Glossina fuscipes fuscipes and Glossina tachinoides. G. p. 
palpalis and G. p. gambiensis occur both in West Africa. Glossina 
palpalis gambiensis occupies an area west of a line from Sierra Leone 
to North Benin (Challier et al., 1983) whereas G. p. palpalis occurs 
south and east of this line. Glossina fuscipes fuscipes occupies the 
vast area of the West - Central African rain forests and along 
watercourses in the savannah. In the east, their distribution extends 
along the shores and river systems of Lake Victoria and Lake 
Tanganyika. Glossina tachinoides (Fig. 2) is distributed along the rivers 
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Fig. 1. Distribution of the Glossina fusca (A.) and Glossina palpalis (B.) group in Africa 
(after Jordan, 1986). 

Glossina austeni Glossina tachinoides 
Fig. 2. Dorsal view of female Glossina austeni and Glossina tachinoides (after: FAD Training 

manual for tsetse control personnel, Volume 1, 1982) 
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Fig. 3. Distribution of the Glossina morsitans group in Africa (after Jordan, 1986). 

and streams of West Africa but its distribution extends as far as 
Ethiopia in the east (Jordan, 1986). The superior claspers of the 
palpalis species are connected by a thin membrane, deeply divided 
medially. The distal extremities of the claspers remain free and are 
widely separated (Newstead era/., 1924). 

c. the morsitans group (subgenus Glossina sensu stricto) 

All species belonging to this group are restricted to savannah 
woodlands (Fig. 3) (Jordan, 1986). G. morsitans is the most important 
species in Africa and a major vector of animal trypanosomiasis. Other 
species are G. swynnertoni (limited distribution in Northern Tanzania), 
G. longipalpis and G. pallidipes, both occupying thickets and forest edge 
vegetation. Glossina austeni (Fig.1), the only member of this subgenus 
used in the study, is however considered to be an aberrant member of 
the group, possessing some primitive characters (Machado, 1959). The 
fly occurs in secondary shrub, thickets and islands of forest along the 
coast of East Africa and extends from Zululand in South Africa to 
Somalia. It is an important vector of animal trypanosomiasis. The 
distribution pattern of G. austeni is scattered and the fly does not 
occur more than 250 km inland. The superior claspers are completely 
united by a membrane, fused medially at the distal extremity 
(Newstead et ai., 1924). 

14 
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3. Tsetse biology 

Tsetse flies thrive best at temperatures around 25 °C but interspecif ic 
differences have been recorded i.e. G m. centralis can tolerate wider 
temperature ranges than G. f. fuscipes (Buxton, 1955). Adequate 
moisture conditions are required especially for the larvae, as the water 
reserve of the freshly born larvae should be sufficient to complete the 
pupal development. Both sexes of the tsetse flies are obligatory blood 
feeders. They feed on a variety of vertebrate hosts but the feeding habit 
of each species is very characteristic and in many cases very selective 
although no tsetse species feeds on a single host (Weitz, 1970). Many 
species prefer to feed on Suidae (G. swynnertoni, G. austeni, G 
tabaniformes and G. fuscipleures) and Suidae/Bovidae (G. morsitans 
morsitans, G. m. submorsitans and G. m. centralis ). Other species 
obtain their food mainly from Bovidae (G. pallidipes, G. longipalpis and 
G. fusca) or from Primates and reptiles (G. fuscipes fuscipes, G 
palpalis and G. tachinoides). Some animals like zebra, wildebeest and 
many small antelopes have never been recorded as tsetse hosts (Weitz, 
1963). 

Glossina spp. are most of the day at rest. Females are only active 
for a few moments a day and mature males up to 30 minutes a day. 
Movement of the fly is at random in an uniform habitat with disperse 
rates of 200 m a week for G. m. morsitans (Jordan, 1986) and up to 
2000 m a day for G. p. palpalis in a linear habitat (Nash & Page, 1953). 
Tsetse movement and dispersal are in addition related to the c l imate 
(temperature, sunshine, wind and rain), the hunger stage of the fly and 
the sex of the fly i.e. male flies follow hosts without feeding on i t 
('following swarms') in search for a mate and females are active to find 
suitable larviposition sites. Most of the flies are diurnal (Buxton, 
1955) but some nocturnal activity has been recorded for species like G 
brevipalpis (Harley, 1965) and G. austeni (Moggridge, 1948). In some 
species, males and females have different activity patterns (Buxton, 
1955). The inactivity of the tsetse fly and the knowledge on breeding 
and resting sites has been exploited for control purposes by means of 
residual insecticides. 

Tsetse flies reproduce by adenotrophic viviparity i.e. the egg 
contains sufficient yolk to sustain the entire embryonic development 
and the larva in the uterus is nourished by special maternal organs 
(Hagan, 1951). All nutrients required for the development of the egg up 
to the adult stage are maternally derived (Tobe & Langley, 1978). The 
female fly mates on the first or second day after emergence, usually 
when she takes her first blood meal (Saunders, 1970). In nature, female 
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flies most likely only mate once, but in the laboratory, mult ip le 
copulations have been recorded (Jordan, 1958; Vreysen & Van der 
Vloedt, 1990). The entire process of spermatogenesis occurs in the 
pupal stage between day 6 (onset of meiosis) and day 21-23 ( formation 
of mature spermatozoa) (Itard, 1970). Consequently, male flies emerge 
from the pupae with their entire supply of sperm but become fu l l y 
potent after 4-6 days. They can successfully inseminate a female f l y 
every 2-3 days, up to 6 times under laboratory conditions (Pollock, 
1974; Jordan, 1972). The limiting factor for the mating frequency is 
the replenishment of the male's accessory glands, required for the 
formation of a spermatophore (Pollock, 1974). Mating is a prerequisite 
for a normal ovulation of the first oocyte and the process of ovulation 
is not stimulated by insemination (Chaudhury & Dhadialla, 1976) but 
induced by its mechanical stimulus. Saunders & Dodd (1972) suggested 
in addition, the involvement of chemical endocrine components in the 
control of ovulation. After mating, viable sperm is stored in the 
spermathecae for the rest of the female's adult life (Langley, 1977). 
The oocyte is fertilised when it enters the uterus and the appropriate 
positioning of the oocyte micropyle versus the opening of the 
spermathecal ducts are crucial for a successful fertilisation (Roberts, 
1972). The female fly displays two ovaries, each containing two 
polytrophic ovarioles, which are always at different stages of 
development (Saunders, 1960; Saunders & Phelps, 1970). Eggs develop 
sequentially (Saunders, 1960) i.e. only one oocyte matures per 
pregnancy cycle and only one oocyte undergoes vitellogenesis at any 
given time (Tobe & Langley, 1978). The first oocyte to develop is the 
internal ovariole of the right ovary (A), followed by a maturation of the 
internal ovariole of the left ovary (C), which is then followed by 
maturation of the external right (B) and finally the external left (D). As 
each ovulation occurs every 9-10 days depending on the temperature, 
examination of the reproductive status (relative size of the four 
follicles related to the content of the uterus) allows accurate 
determination of the physiological age of the female flies (Challier, 
1965). The intra-uterine embryonic development is completed w i th in 
50-60 hours and results in the hatching of a first instar larva (L1) 
(Saunders & Phelps, 1970). The intra-uterine development proceeds 
with the formation of a second instar larva (L2) and is completed w i t h 
the development of a third instar larva (L3). All larval stages are 
nourished by lipids produced by the milk uterine gland which is a highly 
modified female accessory gland. The milk gland is fully ramified at 
the time of adult emergence and undergoes cyclical changes in the 
female's adult life which are correlated with the larval development 
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(Tobe et al., 1973). Feeding on the lipid and proteinaceous secretions of 
the milk gland is almost exclusively done by the first and second instar 
larvae with hardly any food being taken by the third instar larva 
(Bursell & Jackson, 1957). This is corroborated by observations in 
female G. austeni and G. morsitans, both showing a peak of gland ce l l 
diameter after completion of two third of the pregnancy cycle (Tobe et 
al., 1973; Denlinger & Ma, 1974; Langley & Pimley, 1975). Development 
of all three larval instar stages occurs in the female fly except the last 
part of the third which is spent in the ground. The second instar larva 
shows the development of the polypneustic lobes which blacken 1-2 
days before larviposition. After the larva has been deposited on the 
ground, the negatively phototactic larva (Parker, 1955) burrows i t se l f 
rapidly in the soil at a depth of 1-5 cm depending on the species, the 
season and the soil type (Lewis, 1934). The process of pupation begins 
with the hardening and darkening of the integument. After the 
formation of the puparium, the larva retracts itself from the inside of 
the puparium to form the cryptocephalic pupa (from day two to day 
four) (Jenkin & Hinton, 1969). On day 5, the head and thoracic 
appendages are everted and the true (phanerocephalic) pupa is formed. 
Pupal development takes around 30 days depending on the temperature. 
After eclosion, the freshly emerged fly will dig its way up in the so i l 
by means of the ptilinum. The thorax of the freshly emerged fly is sof t 
and the abdomen is white when held in the light (teneral fly) (Saunders 
& Phelps, 1970). Flight muscles begin their development after the f i r s t 
blood meal (Bursell, 1961). 

4. Control of the tsetse fly 

Many different approaches have been developed and put into practice to 
keep the disease trypanosomiasis under control such as chemotherapy, 
chemoprophylaxis, promotion of trypanotolerant breeds of cattle etc.. 
The most promising and widely used method of trypanosomiasis control 
however is the control and/or elimination of the vector. Although 
chemotherapy and prophylaxis are currently still cheaper than vector 
control (Jordan, 1986), it has no permanent effect on the cycle of the 
disease i.e. if treatments are relaxed or abolished, the disease 
incidence will increase again. The trypanotolerance of certain breeds of 
cattle is limited to exposure of localised trypanosome populations and 
losses can be severe when exposed to high challenge in a new area or 
under certain conditions of stress like malnutrition, heavy workload 
etc. (Jordan, 1986). Vector control remains therefore the most 
effective method of disease control. A prerequisite for control is a 
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sound knowledge of the ecology of the tsetse fly. This philosophy was 
already recognised by C. Swynnerton in 1919 in East Africa and spread 
and practised in West Africa by T. Nash in the early twenties (Jordan, 
1986). A brief account is given of past and present efforts in the 
control of tsetse in Africa. Control of the parasite is not fur ther 
discussed here and I refer to Buxton (1955), Hoare (1970 a,b) and 
Jordan (1974) for reference. 

4.1. Non-chemical control methods: clearing of 
vegetation and game removal 

Before synthetic insecticides became available and the more modern 
approach of traps and targets became commonly accepted in the 
eighties, the most prevailing form of tsetse control was removal of 
suitable tsetse habitat or its hosts. In both East and West A f r ica, 
ruthless clearing of the vegetation, with the objective of turning 
woodland or shrubs into grassland, was widely practised (Ford, 1970; 
Jordan, 1986). Apart from environmental considerations, another 
disadvantage was the need to slash regenerating bush every year which 
was either labour intensive, when done by hand, or culminating into 
high costs in case machinery was used. This destructive method is not 
widely used any more today, although human expansion and industries 
have in principle the same outcome, and have evolved into part ia l 
clearing where only certain parts of the vegetation (selective clearing) 
or areas of known fly concentration (discriminative clearing) are 
removed . 

In addition to habitat destruction, the concept of game destruction 
has been appreciated as a very useful way of controlling tsetse f l i es 
and trypanosomiasis, ever since the rinderpest epizootic wiped out 
enormous amounts of game at the end of the 19 th century. It was 
widely practised in Botswana, Mozambique, Uganda, Zambia and 
Zimbabwe before the availability of cheap synthetic insecticides. 
Although many might view the practice today as distasteful, it was an 
efficient method of vector control e.g. 20,000 km2 were made tsetse 
free in Uganda following a 20-year hunting campaign (1946 - 1966) 
(Wooff, 1968). 

4.2. Chemical control methods 

The availability of DDT after the second World War marked the onset of 
the chemical warfare against the tsetse fly. Several characteristics of 
the biology of the tsetse fly impose however considerable restr ic t ions 
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on the use of insecticides for its control (Buxton, 1955): (1) the eggs 
and a large part of the larval stages are retained in the adult female 
fly, (2) the pupae are buried in the soil and therefore inaccessible t o 
the impact of insecticides, (3) pupal development may last up to 60 
days in colder parts of Africa, (4) the first larva is deposited 1 4 - 1 8 
days after adult emergence and (5) adults pay only brief visits to the i r 
hosts which are mostly wild animals (Jordan, 1986). Therefore, the key 
to the successful application of insecticides, is to kill all the young 
emerging flies before they start reproducing. This can be achieved by a 
single application of a residual formulation or by several adequately 
spaced applications of a non-residual formulation. In the first case, the 
insecticide is absorbed through the tarsae of the flies whereas the 
flies are killed by the contact of the insecticide droplets on their body 
in the second case. Only three organochlorine compounds (DDT, Dieldrin 
and Endosulfan) and one synthetic pyrethroid (Deltamethrin) have been 
commonly used in large scale field operations. Tsetse flies are 
extremely susceptible to these chemicals which made it possible to use 
very low dosages with consequent economic advantages and 
considerable selectivity in favour of other animals (Burnett, 1970). The 
first chemical to be used was DDT; an extremely stable component w i t h 
deposits remaining lethal for tsetse up to one year (Baldry, 1963) and 
easily dispensable in water. DDT was however rapidly replaced by 
dieldrin, which, despite being more expensive, had a much better 
persistence of its lethal characteristics in more humid conditions. 
Both DDT and dieldrin have almost exclusively been applied from the 
ground for the treatment of the habitat with residual deposits. Both 
components were replaced by endosulfan for use in spraying operations 
by virtue of its higher intrinsic toxicity and its better solubility in 
spray solvents. The most toxic compounds however, so far known for 
tsetse flies are the synthetic pyrethroids of which deltamethrin has 
been used for residual spraying (Spielberger et al., 1977), aerosol 
applications (Molyneux et al., 1978) and for impregnating traps and 
targets (Laveissière et al., 1981). The major disadvantage are their 
high costs (1000 times more toxic than DDT but 100 times more 
expensive) (Jordan, 1986). All above mentioned insecticides can be 
dispersed as wettable powders, emulsifiable concentrates and as ultra-
low-volume solutions. Over the years, the use of insecticides against 
tsetse has become more selective, which has considerable lessened 
their pollution of the environment. However, especially the use of 
persistent insecticides like DDT, Dieldrin and Endosulfan did not 
prevent the destruction of beneficial non-target insects (Du Toit, 1954) 
and natural enemies of the tsetse like birds, small mammals etc. 
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(Matthiessen & Douthwaite, 1985). DDT spraying in Zimbabwe has 
resulted in accumulation of high levels of DDT residues in w i l d l i f e , 
leading to eggshell thinning of fish eagles and other raptors 
(Matthiessen, 1985), whereas the use of dieldrin depressed the 
abundance of insects and insectivorous birds for at least one year 
(Müller et al., 1981). Even the less polluting method of aerial spraying 
has negative effects on fish, aquatic Crustacea and tree canopy insect 
species (Matthiessen & Douthwaite, 1985). 

4.2 .1 . Ground spraying of persistent insecticides 

Using knapsack pressure sprayers (portable, simple, reliable and 
robust), persistent insecticides are sprayed selectively at resting 
sites. The insecticide deposits have to last at least 2 - 3 months and 
have their maximum effectiveness during the dry season. Consequently, 
the technique requires a sound knowledge of tsetse distribution, l im i t s 
of infestations and especially their concentration areas during the dry 
season. The method fails in humid areas or when the dry season i s 
interrupted with heavy rainfall. Spraying campaigns involve complex 
logistics and require large amounts of man power. The ability of DDT 
and dieldrin to accumulate in animal tissue is a negative aspect which 
requires attention during large scale spraying campaigns. 

Approximately 200,000 km2 of tsetse infested land has been reclaimed 
in northern Nigeria between 1955 and 1978 by the method of selective 
spraying of resting sites during the dry season. The entire area i s 
considered beyond risk of reinvasion. A total amount of 570 tonnes of 
DDT, 176 tonnes of dieldrin and 77 tonnes of endosulfan were used 
during the 22 year campaign (Jordan, 1986). 

4.2.2. Aerial spraying of persistent insecticides 

Residual insecticides can also be applied from the air for the t reatment 
of vegetation types known to harbour tsetse flies. This technique, 
which aims for the treatment of night resting sites of tsetse flies in 
the middle and upper regions of the trees, usually necessitates the use 
of helicopters in view of the required spray accuracy. As with the 
ground spraying, insecticide application is likewise restricted to the 
dry season and operations have to be carried out 1- 3 m above the t ree 
canopy under temperature inversion conditions (early in the morning, 
late in the evening or at night). Negative aspects are the large 
quantities of insecticides that have to be used, the huge costs involved 
in operating helicopters and complex logistics e.g. landing sites have to 
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be installed at strategic locations limiting the time for refuelling and 
replenishment of the insecticides etc.. The method does however not 
require handling of large ground teams of men and equipment. 

4.2.3. Aerial application of non-persistent insecticides 

An alternative method to ground spraying is the use of fixed wing 
aircraft (helicopters can also be used but are too expensive) to emit an 
aerosol of fine droplets containing insecticides over the tsetse habitat. 
As the droplets are small, they do not leave a persistent deposit in the 
habitat. The insecticide is dispersed 10-15 m above the tree canopy in 
swaths of 200-300 m in repeated treatments (5-6 times) with an 
interval of 9-10 days. Although the method can only be used on f l a t 
terrain during temperature inversion conditions and requires 
sophisticated navigational equipment, it is not restricted to the dry 
season and does not require the deployment of large ground teams. 
Absolute perfect weather conditions are a prerequisite for the success 
with no margin for error (in case of imperfect inversion, mechanical 
failure etc. the entire spraying cycle has to be restarted). In 
comparison to spraying of residual insecticides, this technique is less 
contaminating for the environment and cheaper per km2. Insecticide 
drift however remains a problem as the principle is still poorly 
understood. In the seventies, considerable success was achieved in 
Botswana, Zambia, Nigeria, Zimbabwe and Uganda using fixed wing 
aircraft (Davies, 1982; Matthiessen & Douthwaite, 1985). 

4.2.4. Chemical control: conclusions 

Synthetic insecticides remain until today the major tool for tsetse 
control as even the widely practised target technology (see below 
4.3.1.) remains dependent on the use of insecticides. Recently, 
considerable concern has been expressed by scientists demanding 
urgent action for alternatives because of: (1) rapid changes occurring in 
the target insect population resulting in insecticide resistance, (2) 
increased costs of developing new insecticides, (3) greater consumers' 
awareness of residues in food, (4) prohibition in many countries to 
minimise the use of broad spectrum insecticides (Whitten, 1988). No 
chemical resistance has been reported so far for tsetse flies by v i r tue 
of their slow reproductive capacity resulting in a lower probability of 
selecting resistant populations. However, the potential exists and has 
been reported in G. m. morsitans, a species capable of metabolising DDT 
into DDE (Maudlin et al., 1981). In addition, more and more countries are 
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using insecticides for controlling tsetse flies leading to increased 
contact of fly populations to sublethal doses of insecticides and 
increasing therefore the risk of selection for resistance. Al ternat ives 
to the use of insecticides are offered by removing the flies from the i r 
natural habitat by trapping techniques, biological and genetic control 
measures. 

4 .3 . Use of a t t rac t ive devices: traps, t argets , animals 
treated with i n sec t i c ides 

4.3.1. Traps and targets 

The first successful use of bait technology against a tsetse species 
was on the island of Principe (reported by Buxton, 1955). Control 
efforts against G. palpalis were initiated in 1910 by means of squares 
of black cloth coated with bird lime which were carried by estate 
workers on their backs. The method was combined with habitat and host 
destruction in an island-wide approach and resulted in extermination of 
the fly until it was re-introduced in 1932. The first trap, sensu 
stricto, efficiently used in control efforts against the tsetse flies was 
the 'Harris' trap (Harris, 1938). The box shaped device ( 2 x 1 x 1 m), 
with a V shaped cross section, contained a longitudinal opening along 
the underside and a fly collecting cage on top. Up to 11,000 traps were 
deployed in Zululand (South Africa) between 1931 and 1938. During th is 
massive campaign, enormous numbers of G. pallidipes were trapped 
resulting in a reduction of 99.99% of the original pallidipes population. 
Du Toit (1954) however, attributed this enormous success in addition 
to lack of sufficient hosts following a game destruction campaign and 
other environmental factors. Another successful early trap was the 
'animal trap' or 'Morris' trap designed to suggest the shape of a goat or 
sheep (Morris & Morris, 1949). Impregnated with insecticides, it was 
successfully used in a campaign to eradicate G. p. palpalis from the 
island of Principe in 1956-58. These early campaigns clearly 
demonstrated the feasibility of reducing tsetse fly populations by 
means of attractive devices, provided sufficient numbers of traps were 
deployed. The interest in controlling tsetse flies by trapping declined 
rapidly with the introduction of synthetic insecticides, but was 
renewed in the seventies, mainly due to increased public awareness of 
environmental pollution by the excessive use of insecticides. A t 
present, traps and targets are the most widely used devices for tsetse 
control and have been enormously useful in the study of tsetse 
behaviour and ecology. The tsetse killing component in targets is s t i l l 
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provided by insecticides, but pollution of the environment is 
considerably reduced. Trials were carried out in the early seventies 
with the Langridge Box Screen Trap (Moloo, 1973), the Awning Screen 
Trap (Swynnerton, 1933) and a modification of the Swynnerton Awning 
Screen trap (Moloo, 1973). All these traps were more or less e f f ic ient 
in collecting G. pallidipes, G fuscipes fuscipes and G. swynnertoni 
(Persoons, 1967; Moloo, 1973). They had in common an opening at the 
base with a non return device and were designed to attract the fly by 
its regular dark shape. Once inside the dark interior, the fly would 
make its way up into the light. Being all very large, they were 
expensive to construct, cumbersome and time consuming to mount. 

A breakthrough came with the development of the biconical trap (Fig. 
4a) which was cheap to construct (made out of cloth), collapsible and 
easily assembled (Challier & Laveissière, 1973). It was designed in 
such a way that flies were attracted from far away by its shape (a 
double cone with upper cone white and lower cone blue) and its l ight 
colour contrasting with the environment. Lateral openings on the dark 
surface lead the flies into the upper cone. The trap demonstrated that 
the shape of an animal was no prerequisite for attracting tsetse f l ies . 
The Challier-Laveissière trap proved to be highly effective for trapping 
palpalis species and captured about 10 times more flies than the 
'Morris' trap, the previous standard trap for riverine species (Green, 
1994). Many efforts have been undertaken to improve the or iginal 
version of the biconical trap. The current used version has a 'royal blue' 
lower cone, white mosquito netting for upper cone and interior black 
targets (Challier et al., 1977). In addition, a number of variants have 
been designed and tested (Fig. 4 b-d): the monoconical trap, a cheaper 
version of the biconical, designed for the control of Glossina fuscipes 
quanzensis (Lancien, 1981), the pyramidal trap, another cheaper 
alternative designed for the control of G. p. palpalis and G. f. quanzensis 
in the Congo (Goûteux & Lancien, 1986), the Vavoua trap, designed for 
the control of G. p. palpalis in Ivory Coast (Laveissière & Grébaut, 
1990), the bipyramidal trap, developed for use against G. fuscipes 
fuscipes (Goûteux, 1991) and the monoscreen trap for the control of G 
fuscipes in mid- and central Africa (Dagnogo & Goûteux, 1985; Goûteux 
& Sinda, 1990). 

The savannah tsetse species of East Africa, responded however much 
less to the biconical trap and its derivatives. Simultaneously to the 
work in West Africa, very efficient traps (Fig. 5) have been developed 
and tested in Zimbabwe for trapping G. pallidipes and G. morsitans 
morsitans i.e. the vertical vane trap, a trap with a dark body surrounded 
by vertical V shaped vanes made of gauze (Hargrove, 1977), the beta 
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Fig. 4 Diagrams of traps designed for palpalis species, (a) Biconical (Challier & 
Laveissière, 1973), (b) pyramidal (Goûteux & Lancien, 1986), (c) Vavoua 
(Laveissière & Grébaut, 1990), (d) bipyramidal (Goûteux, 1991). 

Fig. 5 Diagrams of traps designed for morsitans species, (a) F3 (Flint, 1985), ( b ) 
Epsilon (Hargrove & Langley, 1990), (c) NG2B (Ngu trap) (Brightwell e ra / . , 
1 9 8 7 ) . 
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