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i. INTRODUCTION .

For cénturies human and animal trypanosomiasis have ravaged vast
areas of tropical Africa. As recently as 20 years ago sleéping-~sick-
ness was considered on€ of the most terrible of all endemic diseases
affecting the African continent. Animal trypanosomiasis render stock-
raiéingudifficdl¥; if not impossible, in many areas, and in cattle-
grazing areag bofdering on the Glossina zones livestock is wéakened
and does not supply any draught-animal {( VAUCEL & al,,1963 - WILSON &
al., -~ FORD, 1963) .

Research\efforté undertaken both in the 1aboratory and in
the field haQé'Sﬁbplied in recent years better methods of preventlon.
detectlon and treatment of trypanosomlasls. Durlng the same perlod
spreadlng possibilities of the disecase have 1ncreasedAthroqgh comma-—
nication improvements and,development of workers miérétiohs between
neighbouring countries (ABEDI & MILLER, 1964),

Human sleeping-sickness prevalence has been reduced to an
extremely low level, but the disease is far from eradicated and many
small foci either remain active.or even appear in previously cleared

areas, The situation is slightly /] een
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better in West Africa, where ‘the péraeite Trypénosoma gambiense has

apparently no animal reservoir, than in Bast Africa whebe occurs also
T.rhodesiense with both’ ‘human' and’ anlﬁal hosts (RORB RTSON 1963 - WIL~
LETT, 1963). '

Gloss¢na—borne anlmal trypanosom1a31s are always very wides-

pread and hinder economlc developmént of the majority of African states,
Chemotherapy cannot be extended to all domestic animals and has its
sefbacks, inc¢luding drug resistance of the trypanosomes,. So tsetse fly
control has an important part to play in the deveiopment'eé”the Afri—

‘can continent .

‘2. 'GBOGRAPHIC DISTRIBUTION OF TSETSE FLIES .

vi ~ Glossina Sp. infest abqut,L0,00Q.OOO km? on the African
Hmainlané. Their present distribution has been,neeently summarized by
FORD (1963) but more aecurate data for french—-speaking statee of West

, Afrlca can be found in MAILLOT (1952 ‘RAGEAU & ADAM (1953);.RICKBN4
BACH (19641) and FINELLE & al.{(1963). - Tsetse fly distributidbn'is not en-
tirely stable, even in - absence of man 1nterference. For exaMple seve=-
ral species retreated from large areas of south—east Africa durlng the

Great Rinderpest of 1£96, ~and since thlS perlod G. pallidipes and G.

morsitans, followed by G.austeni, move slowly south in uozamblque and
:Rhodesia, restoring the situation grdior to the‘%inEETpest.

In West Africa, during the last 15 years, G.submorsitans has extended
’ ) y ’

~northwards its distribution (WILSON, 1958). Such changes in distribu-
tion are probably of common occurence, but escape detection by lack

of accurate base data and surveys .

[

N Tsetse flies are classified into three groups, typified: res-

péctively by G.palpalis, G.morsitans and G.fusca; their distributions

are the following ones : ‘

.2.1. Glossina palpalis group ‘e

The palpalis group includes five species and four sub—spe—
.cies and is restricted to West and Central Africa, with relics in E-

thiopia and Arabia,.
b

G .tachinoides occurs in the sudanese savannah and in the

southern part of the sahelian area of West Africe, With residual'fbci
‘in north-eastern Africa and in the South-east of the Arabian peninsulan.
It can withstand very dry conditions, but congregates in the dry seas

"son around water holes, residual pools of temporary rivers, and_so on.




G palpalis and G, fusc1peo occur in the forest . as well as

in the gulnean and sudanese savannahs. In the savannahs they are res-~
‘tricted to the immediate vicinity. of rivers and rivulets, In fores~

ted areas also they congregate along watercourses, but not as strlc~
tly as in savannah, using them more for the flight linesthat they ef-

fer than for their microclimate.

G.palllcera occurs in rain forest areas, but can be encoun-—

tered sometlmes 1n the gallery forests of the gainean savannah .,

G.callglnosa is restricted to the coastal rain forest and

to the mangrove areas .,

G.tachinoides, G.palpaiis and G,.fuscipes are the madin vec~-

tors of the human sleeping-sickness caused by T.gambiense .

i

2.2, G.norsitans group .

The morsitans group includes seven species and three sub-

species, all inhabiting‘savénnahs .

G,mor31tans complex occurs malnly in sudanese savannahs,~

.Wlth G.submorsitans 1n Nest and Central afrlca and G.morsitans in

East Afrlca .

' G.longipalpis is restricted to guinean savannahs and to som.

partly deforested areas of the forest zone of West Africa .,
G.austeni’is”mdinly a lowlands and coastal species of Bast
Africa ., *

G;SWynnertoni and G,pallidipes aro highlandFSpecies of #Hast

Africa. The first one is restricted-to‘Kenya and Tanzania. The second
. 8pecies occurs fromvEthiopia to Mozambique and is present in some
coastal areas; it has occured in the past in Hatal but has been era-
diéated there ,

G.borgesi has been recently described from Mozambique (PIREC.

196G) .
- .G.norsitans and G.swynnertoni are the normal vectors of the

normal vectors of the second form of human sleeping-sickness,. caused
]

by T.fhodesiense; they are also, with G.pallidipes and G,submorsitans

very important vectors of several animal trypanosomiasis (caused by
T.brucei, T. viVax, T. coﬁgolenSe) . T. rhodeéiense has beeu‘also‘rece—
vered from G pallidlpes since ¢94O ("acKIChAN 1944) énd more recen-
tly from G.fuu01pes (OQU ON & ROEEKTQUN 1961 f'WILLETT & Al.,i?G@—
' WILLETT, 1965) . | V




-2.3.. G.fusca group.’

The fusca group includes 12 species and two sub-species,

"Wwhich inhabit mainly densely forested areas .,

Ginashi, G schwstz;, G.tabaniformis, G. hanlngtOnl, G seve-

rini, G.vanhoofi and G.fuscipleuris occur in the LoWer guinean forest,

sometimes in very restricted aread |

G.fusca occurs in all forested areas, from Slerra Leone to
Uganda and in some of the larger gallery forests of the guinean sa-

vannah .

G.nigrofusca is widespread in the Upper guinean foresé and

in the northern part of the Lower guinean forest, from Guinea to Ugar
 da. : ' . , | e
: G.medicorum is restricted to the Upper guinean savannab anc

forest . a S .

G.brevipalpis is very W1de39read in gallery forests and sa-~

vannahs of Mali East Lfrlca from Natwl to uastern Congo (LéOpOldV1l—

le) and to Southern Btthpla and &omalla .

G.longipennis is also an eastern savaannah species; but res-

<trlcted to henya, Etthpla Southern Somalla, South-eastern Sudan,

North—wastern Uganda and Northern Tanzania .,

The most common species belonging to the fusca group are
important vectors of animal trypanosomiasis caused by I.vivax and

T.congolense (JORXDAN,1961 & 1965 a).

3. BIOLOGY OF TSETSE FLIES .
3.1 Reproduction~cycle.,
~ Tsetse flies mate during the days following emergence, When
the females are teneral, One insemination is sufficient for the who-
le life of the female, but wales mate several times during their life
and probably some females do the same; recent investigations carried

out in Upper Volta by one of us (A C } on G, palpalls have shown that

non—teneral wild caught females are almost always 1nsem1nated ‘howe~
ver the percentage of inseminated females with incompletely fllled -
spermathecae reaches about 80% amongst teneral flies, agaiﬂﬁt only
51% in flies belonging to.the next two older .age:.groups; so it is‘

very probable that females cf G.palpalis .mate several times during

. their first days of life. Females present their maximum attractive-

ness for males when they are only 3 days o0ld,. and are less .attracti-

.. .vé with increasing age, although .being always able to mate (NASH,190¢
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JOKDAN, i958.).,
Homologous matings are the rule, but sometimes mating occurs in na-
ture between closely related species; such matings are generally not

fertile and can be lethal for the female .

1

The two ovaries are coﬁposed of two ovarioles each, and
each ovarlole develops in turn (SAUNDERS, 1962 - CHALLIER, 1963 b)e
The flrst ovulation occurs & to Li days after the emergence of the
female, the mature ovocyte is not lald, but pasoes into the female utr
rus Where fecundation occurs; then the larva grows inside the uterus,
the food being supplied by the "milk glands" of the female; the la-
~te third lnstar larva is 'laid on the ground and pupates usually two U:
to five centimeters below the surface, some hours later, Larval de~
. velopment, in utero, takes about 10 days, during which the females |
bites 'at least thrée times, but the first larva is iaid when the fe-
male is about 16 days old, or‘moro..When the first larva is laid the
jsecond ovocyte passes into the uterus, and so en.‘Tﬁe duration of the

pupal life varies from 20 to 6C days, according to temperature,

The adult can fly some hours after its emergence.from the

puparium and is able to bite the following day ., .

3.2. Feeding habits .

Both’ sexes of‘tsetue flles oUCk blood and they do not use
any. other food, They do not 1ngest uuually elther Watcr or nectur
but seem scmetimes able to plerce plants for sucking sap. They can

feed on insects, as one of us (J.R.) has observed for G.palpalis witl

Qéterpillars‘.

Bach species of tsetse £ly exhibits definite feeding prefe-
rences, which are directly related to their medical and veterinary
importance as pathogen vectors (JORDAHN, 1965 a), but the majority -
of Glossina sp, are-able to feed on a greaf variety of vertebrates,
The kmown trophic preferences are the following (WEITZ 1963 a), acco
‘ding to 22.640 blood meals identified

- G swynnertonl, G.,austendi, G fu801pleur18 and G.tabaniformis feed

malnly on sulds, with bovids and other vertebrate (rhlnoceros,

hippotamus, porcupine) as secondary hosts H

.= G,morsitans and G.submorsitans feed equally on suids and bovids,

warthog (Thacochoerus sp,) being the preferred host; man is also used
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as host, mainly in Hest Africa by G.submorsitans (Jordan, 1965 b);

- G.pallidipes, G.fusca and G.longipennis feed extensively on bus-

hbuck (Tragelaphus scriptus); and the first and second species bite

also suids to some extent ;

—~ G,longipennis feeds mainly on rhinoceros; with giraffe, elephant,

buffalo and ostrich as secondary hosts ;

~ G.brevipalpis feeds mainly on hippopotamus, suids, buffale and

bushbuck ;

- G.palpalis, G.fuscipes and G.tachincides feed exteusively on man,

crocodiles, monitor lizards and bovids, but also sometimes on wild

game (FOSTER, 1964); G.tachinoides is particulary infeodated to man

and cattle .,

The behaviour of each species is characteristic and is not
entirely dependent on the availability of different hosts; this view
is supported by the fact that commonly occuring animals are not fed

con by Glossina, the best example being zebra (Equus burchelli) in

G.morsitans areas of Bast Africa, and waterbuacks (Kobus sp.) (WEITZ,

1963 b).

Few data are available about the adaptability of tsetse
€lies to a varying host fauna, It is likely that flies like G.morsi-

tans and G.submorsitans, the G.palpalis group and possibly G.sWwynner-

toni and G.pallidipes, would quickly adapt to changes in faana; howe-

ver, following the rinderpest panzootio of 1890-~1896 the G.morsitans

fly-belts have recessed in. Dast Africa, after almost extermination
of all favourable hosts (FORD, 1965), The authropophily of G.palpa-
lis and cf G.tachinoides increases when the wild fauna and the lives:
tock decrease (PAGE & MACDONALD, 1559 ~ JOKDAN & al.,, 1961 & 15632 -
LANGRIDGE & al,, 1963). Several species wWith very restricted feeding

habits, such as G.fuscipleuris, G,austeni and G.tabaniformis (infeo-

. dated to suids), G,longipalpis and G,.fusca (infeodated to bushbuck

and buffalo), and G.,longipeunis (feeding on rhinoceros, elephant and

buffalo), may be very rapidly affected by the removal of only a few

species.,




3.3. EBcology .

Tsetse fly ecoiogy and its physiological basis have 'been
récenti&QfeviGWed (LANG?EDGE & éi., 1963 -~ HARLEY, 1963 éJBURSELL, =L
19569, 1960 & 1963) and have been the subject in a:recentlpast of ma-~
ny publications, each of them generally devofed to dne’dr two Glossi-
na species - |

Each species of tsetse fly has a specific distribation area,

characterized by climate, vegetation and soil, this last element

~being important for larval deposit and pupal survival. The recent

étudies;of“BURSELL (see above) have clearly shown that one of the
major limiting factors for the distribution of many specieé of tse-
tse. flies is the relative humidity, Adults; which fly and can select :
their resting-places, can withstand low relative humidities of the

general environment, but pupae of many ©pecies cannot, and the dis~-

‘tribution is under the dependence of the pupal envelop permeability.

" The pupae of some species, such as those of morsitans, do not lose

any water within dry soils, whereas pupae of several other species,
such as élpalis; are easily killed by cessicaticn and requirelfor'
their development an almost saturated a{moéphere, but without any
free Watef{‘Temperature may play a part in limiting the distribution,‘

but mainly in extreme conditions .

At least in the savannah zones, it is often possible to
distingﬁish, in the distribution area of each species,‘éhree areas

(NASH & PAGE, 1953 - PAGB, 1961 a - MOUCHBT & al., 1961 ~ JACKSON,

1945),

-. the permanent breeding-sites, where flies occeur all year round and,

il

where they congregate during‘unfavodrable seasons, and usually Where

they lay larvae H

‘- the temporary breeding~sites, where flies occur during the most

favourable seasons, usually daring the rainy season, but where they

cannot survive in the dry season ;

~ the feeding-grounds, which are generally open areas, not very far
from_the breeding~sites, Where flies can easily detect their hosts
and feed upon them; feeding-grounds can extend a few kilometers a-<-

round breeding-sites in rainy season, but are usually restricted to

their immediate vicinity during the dry season .
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In each area resting-places of the flies vary according to

environment and to physiological condition of the fly, but they are

gsually constituted by logs, small’ trunks and medium-sized branches,

-up to some meters above the ground, However some species,. like G.swyn-

nertoni and G.pallidipes, rest extensi?elyfon leaves by night and

~on the underside of branches by day (HARLEY, 1960 & 1963 a). In woo-

1
ded savannah areas some species of trees afford better resting-~pla-

ces than others and are regularly selected by the majority of flies.

Tsetse:.flies are generall active only by day time, but some

species of the fusca group are also active by night and G.brevipal~

pis exhibits a very characteristic crepuscular activity, immediate~—

ly after sunset and immediately before sunrise (HARLEY, 1965 b). G.

palpalis and G,.submorsitans bite also scmetimes by night when distur-

" bed from their resting places (J.H.,personal ‘observation).

Pupal sites are selected by female tsetse flies and, for

. a same species and within the same area, their location and relati-

Qé importaﬁce vary from season to seasorn (NASHE & PAGE, 1953 - GLAS-
GOW, 1964 -~ JORDAI, 1965 b). Pupae can withstand high relative humi-
dities but not submersion; high temperatures reduce the, length of
the phpal period, but too high.temperatures can kill the pupae in
some days and even some hours; so pupal sites are usually situated
in well-~shades places, under logs, bushes, in hollow trunks, and so

on., For some species, such as G.tachinoides and G.palpalis, pupalsi-

tes can be entirely maun-made, being provided by maungo and bananqlplanw
tations and even sometimes by granaries, thatch enclosures and other
artificial sheltefs. The depth to 'which the larvae enter the soil va-
ries with environmental conditibns; in the rainy season the larva can
pupate on the ground, or only one or two centinmetres below; in the

dry seasons the larva can enter five to eigth centimtres belowﬂgﬁzund

before pupating .

3.4+ Tsetse fly survival aand population dynamics .,

Bxcept for their first days of imaginal life, during'which
the mortality rate is high (MASH & FAGE, 1953 - NASH & KERNAGEAN,1965-
4.C. personal observation), adults of Glossina have a high survival
rate, in the laboratory as in nature. Average life of two to three
months seems to be the rule (HALLEY, 1963 b & 1965 a) and survival

for 154 days has been observed in G,palpalis; howerver a very small

proportion of the population is likely to achieve such extreme age
(HABH & PAGE, 1953) .




Causes of mortality of larvae. and pupae are more 1mportant
because predators are numerous : insectivorous birds, 1nsect1vorous
insects; and so on; besides many insects parasite tsetse pupae :Dip-

tera'Bombylidae, Hymenoptera Chalcididae and Mutillidae. Fupae are

also easily killed by unfavourable environment changes, In nature

probably less than half the laid larvae reach the adult stage .

Tsetse fly den81t1es de not fluctuate very much. from .one
year to another as long as the environmental conditions romain cons-

tant, G.sWynnertoni,has been studied during 23 consecutive years in

Shinyanga area, Tanzania, during wWhich the hlgheet denaity value has

been 18 times the lowest one. G, palpalis, Which has been studlcd du-

rlng i6 years in Xaduna area, Nigeria, has even more stable popula~-
‘tiona‘;q rlverlne fonests, where the highest recorded density was on-
ly &,8 tiﬁes the lowest ane‘(GLASGOW‘&.EELCH,-1962\— JORDAN,1965 c).

3:6. Sampling methods .
The sampling methods used must be felated to the'loeal con~

ditions and to the”inVeetigated species,

1

- The most W1deepreqd method is -based on fly rounds, the fly-
catchers moving along standard’ pﬂths under normalized conditions thruu
the dlstrlct under lnvestlgations- results are expressed in fly per
unit of length of the paths. The bait can be human belngo (if so usual-
ly the fly~catchers themselves) or a domestic anlmal, or even a car
mov1ng‘at a very low‘speed. Catches:dering f;y rounds can also ‘be.car-

ried out op‘resting flies .

Fixed catching statious, used during the whole activity pe-~
riod of the flies (so generally from dawn 'to 'dusk) are also widely use

baits being humagpe , or tethered aniﬁals,‘or specially deeigﬁed:traps.

Moving teams collect mainly unfed hungry flies on thevbaits,
With a large excess of males, and engorged and not—hungry‘flies on
their resting places. Standing teams collect a higher proportion of
females, mainly when using traps, Moving car baits are sometimes very

efficient for attracting non-man-biting species .

Very low densities of tsetse flies are always difficult to

assess and may even escape entirely to detection ,
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4, (TSETS8E FLY CONTROL .

In many instances tsetse control is a very efficientlﬁay
to stop human trypanoéomiasis transmission in restricted areas,vei—
ther aloné or aé a complement to chemotherapic measures. Tsetse fly
control or better, eradication, is oftenAthe cheapest method for pre-
venting huma@ or livestock trypanosomiasis transmission in areas of

Sudanese and Guinean savaunah zones (HOCKING & al,.,1563) .

Methods used for tsetse fiy control just before dnd aftes .
the second World War are gradually being replaced by other ones ba-
sed on reéiduél insecticides applications, and chemosterilization is
being investigated. But in the past direct destruction, indiscrimina-
te and selective clearings, and hosts elimination have been extensi-

vely used, sometimes with fair success (GLOVER, 1961) .

4,L. Direct destruction of tsetse flies .

Direéct destruction of tsetse flies by net collection and
glued baits has not been very efficient in the past, except in Prin-’

cipe Island where G.palpalis was almost eradicated, Destruction by

trapping (Harris traps) has been successful in controiling Go.palli-
dipes in a restricted breeding area of Zululand, South Africa, but
results have not been very satisfactory in other areas, Some authors,
like FORRIS (1960, 1961) stress that traps give the best way for cat-
ching representative samples of flies, whereas others, like ABREDI (
1963) and FOSTBR (1964), consider traps as very inferior to direct
catches. Results depends certainly on the‘species involved and on the

environmental conditions .
4.2, Tsetse fly control by game destruction . .,

It has been observed in the past that tsetse flies and ga- i “
me are often associated, and that game elimination, during rinderpest .
epizootics for example, are followed by strong reduction or even disa’

pearance of Glossina populations (GLASGOW & WELCH, 1962 ~ WOOFF,1965).

So game destruction has been used as a routine method for fsetse:fly
control in Bastern and South—éasternﬂéfrica, and has sdcqeeded iﬁ
clearing many thousands of‘square kilometres of flies belonging to
the morsitans group, the best known experiment being the Shinyanga
one, in Tanzania (GLASGOW, 1960). This method, which is always used

in some restricted areas, is not cheap; for exemple in Southern
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Rhodesia, during the year 1955, slightly more than 41,000 heads of
game were destroyed by 800 paid hunters, with au expenditure of 107.00C
rounds of ammunition ( CHORLEY, 1956 ) .

Judiciously appiied,‘gameAdestruction can be an economical
and practical means of trypanosomiasis control, as not only Glossina
hosts, but also animal réservoirshof trypanosomes are destroyed in on-
« ly one éperation. Ilowever, as stressed by WEITZ (1963) and by GLOVEBER

(1964), the palpalis group of tsetse flies cannot be starvéed except if
reptilgs‘and humans are also eradicated, and the control by starvaticn

of many species, such as G.swynnertoni, G.austeni, G.fuscipleuris,G,

tabanlfcrmls G mor31tans and G.submorsitans, supposes total elimina-

tlon of sulds which consitute a group more difficult to locate and

to kill than antelopes and big game, Besides, as underlined by. DASMANN
t1962) and by HOCKIﬁG & al, (1963), game farming can be more profita-
ble in some marginal areas . .than cattle-raising as a source of meat and
skins and also for the tourist ingﬁstry. So tsetse contpoi by game des-

truction is more and more rarely used now .

4.3, Tsetse fly control by bu sh clearmng .

The tsetse ability to W1thstand seasonally unfavourable Cll-
mate depends upon‘the presence of a favcurable vegetation community |
(NASH 1933).'Bushes and trees are widely used By tsetse flies as res-
:tlng~places- moreover they pr0v1de a more or less constant microclima-
te ensuring the survival of at least a few females even through the
most severe dry seasons (NASH &.PAGE,1953), they constitute alsq very
often vital shelters for pupae‘whichvcan only survive if'the soil is

g sufficiently shaded, protected from direct insolation qnd preserved

‘ from rapid variations of humidity and temperature. “ian cannot easily

- ~alter the climate ‘but he can, at ‘least in savannah areas, alter the
5 vegetation commﬁnities that enable the tsetse flies to withstand un—
favourable periods of the yeaf .

The cleériﬂg of ‘all woody vegetation in a fly—infested area
has iarely been used for tsetse fly exadication, but has beén extensi-
vely employed to prov1de ‘barrier areas or to reduce the contact bet-

" ween flles and humans aruund villages and water holes, dt river-cros-
sings, and along the main routes of communication of humahs and cattle
(LB ROUZIC, 1948), Such clearings, called "agronomical prophylaxis"

in french—speaking"countries; can be used for cultivation to be kept




12

clear of trees and bushes, They cannot be extended on large areas:

in oparsely 1nhab1ted zones because they require - a larger manpower

'”suppiy than &#dvailable and are very costly if carried out by adminis~-

trative agénties. *owever, for spe01al purposes, clearlngs and protec—

tlve barriers have bean done up to 100 kilometres long and three kilo-

Metres W1de, as in Southern Rhodesia .

Selective clearing has been much more extensively used for

tsetse fly control. It is based on the tendency of flies, in unfavou-

rable seasons, to congregate in permanent breeding or resting sites

that comprlse 1dent1f1able plant communities and a comparatively small

proportlon of the bush.or woodland as a whole. The requiremehts of

the common tsetse fly vectors of trypanosomiasis have been described

and the types of vegetation most favourable as refuges are known,They

_must be located before tsetse fly control measures are-undertaken,Se-

lective clearing can be done directly, or by the use of chemicals (de~

foliants, tree-toxicants,..); it suffers from the same deficiencies

as total clearing; it is a costly measure, the regrowth of bush must

be kept down and it is much more efficient in dry areas than in humid

ones where it does not-rprevent tsetse flies of travelling and resting
(PAGE, 1961 b~ FOSTER, 1964).

- In dry countries temporary control of riverine tsetse flies

-has been attempted:once by use of "obstructive clearlng"‘ by felling

- ‘the .trees forming the overhead canopy and blocking the stream—bed to

obstruct the tsetse flight-line, The flies could not move freely un~-

der shade and eifher were starved or forced into the open Where the

. climate during the dry season wWas intelerable (NA4ASH & STEIMNER, 195’7)0

With the discovery of modern insecticides it appears that

it is generally more efficient to spray a residual toxicant on the tse-

tse permanent resting-sites than to destroy them, because tsetse can

‘ chaﬁge of resting-sites when the preferred ones are destroyed, as seen
. in Ankole district of Uganda (HARLUY & FILSON,1961), whereas they do
not abandon them after spraving (HOCKING, 1964)

dod.

1

Tsetse fly control by insccticides.

Insecticides can be used as aerosols of temporary efficacy

-on huge areas, or as residual sprays on resting places, traps and

baits,
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4,4.1, = Insecticide aerosols ,

Insecticide aer0sols”havm‘éﬁvery short residual sffect if
any at all, and- ‘kill tsetse flies Jduring some hours only after their
appllcatlon. They can control or eﬁadlcate the flles only 1f they are
:applled on large areas at convenlent intervals to klll before their
reproductlon all flles having emerged from pupae since the previous
applications. A convenient(rbyéhm seem to be about six to eight appli=
"cations at intervals of two to four weeks (BURNEBIT, 1962 b), accordiny

to the biology -0f the local pdpulation cf tsetse flies .

Alrcraft appllcatlon has the obvious advantage of covering
' qulckly large areas, and can be eff101ent agamnst savannah~1nhab1t1ng

species like. G. morsltans G. sWynnerton1 and G.pallldlpes'<1t is less

“ adequate than ground dpplication ‘against riverime tsetse flies like

. G.palpalis and G quCLpes (EUkNETL, 1962 b), and is almost{1mposs¢ble

to carry cut agalnst SPec1es llVlng in hlgh forest. Ground application‘

’ ~can be : done ‘either with 1orry—carr1ed generators, or thh light porta-—

. ble Mist- blowers (THOMSON & al.,‘ $60 ~ CHALLIER & al., 196Z) .

‘ Insecticide aerosols can only be applled some hours a day,
just after dawn and before dusk .and spometimes by night -when air cur-
rents ‘are- doquardS~—dur1ng othe“'day—tlme periods the 1nsect1c1de
cloud dlsperses very rapldly and, if applled by. alroraft does not,
even. reach ground level, .Only a very small amount of ‘insecticide rea-
‘ ches each lndlv1dual fly and graVLd females less susceptlble to dn-
sect1c1des than males and females of other phy31010glcal condltlons
(BURNETT, 1962 aj, rare. not ea91ly kllled by . chlorlnatcd 1nsectlcldes'
vsqme 0. E . .compounds. like fenthlon or malathlon mlght perhaps be more:

- efficient. (HOCKING & al., 196&) o« T o L (
vFOp~eradication‘programmes dieldrin, B,H.C, and‘telodrin
aerosols hdve' béen used mainly in Bast Africa, with’varigble'results
including Fair Succes. (COCKBILL &.al., 1963 — BUICKX, .1565). Techni~
cal’ 1mprovements in _the spraying- desxgns have - permltted to use only
very - 'small amounts of 1nsect1c1des averaging 1,5 kg‘ of telodrln or
4 Ekg.wof .dieldrin’ . per square Lilometre. These technical 1mprovements
4nd a bettér knowledge: of tsetse ecology have decreased’ the cost of’
such programmes’, Which was very heavy for the first. experlments to
around 800 to 2.000 french francs per sq kilometre now (BURNETT, 1962 -
HOCKING & al,, 1963 - BURNETT & al‘, 1964). The cost of operatlons Las
be reduced if aerosols are used only for short term control of tsetsc,

fly populations in sleeping-sickness foci ,




4.4 2. Resxdual treatment of vegetation .

‘ Y Res;dual treatment of tsetse fly restlng-places mas t be le-
thal ‘for the fly on short contact for a longer period then the maxi~-
mum duratlon of the pupal life., In such condltlons only one spraylng
-may be suff101ent to control the specmes, ~and. perhaps eradlcate it gin

. an 1solated area -,

3 oo ¥

The flrst residual appllcatlons have been done agalnst ri-

verine specles, like G.palpalis and G.fuscipes, with ‘habitats restric-

ted to water edge. In larger gallery . forests it is scmetlmes possible
to open paths in the forest, which will be extensiveiy’used by moving
flies; the treatment of such paths may be sufficient to get the con-
trol of .the flles. The same observations have ,been ‘made in dense bush,

" where severel species, such as G,mcrsftaas and G.palpalis, frequent

: paths made by man ' and anlmals anﬂ follow avenues and channels occurlng

f;through the bush- concentratlons oi the ’lles occur at ‘thle’ 1ntersec~

1i“t10ns of the paths' the corresponding mé thod of tsetse control 1s ba=-

"$ed ‘on the openlng of parallel petrs 501e hundreds of metres apart
‘through dense thickets and wooded areas, and by treat;ng,nothlng.but
» the’peths; this method hesibeen fairly saccessful in several areas~of
Ksnya, against G,pallidipes, G.fuscipes, and G;brovipalpis (fHOMSON &
al., 1960 ) , '

DDT suspensions and emclsions; which have been used in the
first expériments; have usually been repieced by dieldrin emuisions,
" which are assumed to be efficient almost one year, and sometimes more
'than one -year. if applied at 4%1(KERNAGHAN, 1962); However; according
" 'to BALDRY (1963 & 1964), DDT emulsidns have a ionger residual effect
than dieldrin and telodrin (=isobenzan) ones when applied at the con-
centration of .5% and even, inhsoﬁe conditions, at concentrations as
low as 2,5% (DAVIES, 1964). Scch control procedures are five to ten
times cheaper than bush clearing and of a'mere permanent effect (HOC-

KING, 1963 = "acLENNAN & AITCHISON, 1963 -~ CHALLIM\, 1965 a) ,

Improvement on the knowledge of tsetse fly resting-places
" has perm1tted the'use of residual insecticides against savannah spe-

C1es llke G. mor81tanq and: G swynnertonl, by selectlve spraying of the

;lower side of the branches of Acacia trecs in ﬁiy~concentratiahwareas
‘(HOCFING -1964 —‘CHAEWICK' 1964 = CPADNICL & al., 196/ . WOOFF ;1965) ,
The cost of the ¢ontrol is then. smmllwr to, or ;lower. than ,by alrcraft

‘fogglng, but the work is more:- dlfflcult to plan and superylse. In the
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dry season G.submorsitans behave sometimes almost like a riverine

species and can be controlled by restricted insecticide spfayings‘
(MACLENNAN, 1965 -\TE’PLETON, i965 -~ JORDAHN, 1965),

Residual insecticides have been used also against G.tachi-

noides in Northern Migeria and along the Tchad-Cameroons border, but

this fly is not as concentrated as G.palpalis along water-places; so
trees and bushes must be treafed on a larger width on both sides‘of‘
the rivers andAWater—ﬁoles (""OUCHET & al., 1961 - DAVIES, 1964 - Mac-
LENNAN, 1965 - TB%PLEION,iQGS). With thisgspecies“thé maih difficul—(
ty 4is the exact selectiop of thé vegetal commuhities to be SQrayed,
which implies a very close supervision of the‘SPraying-teamé, and tho.
accurate‘timing of the programme, between the end bﬁ floods and the
_ beginning of the rains, for the breeding»siteé neighbouring the Chad
Lake . | ‘ J ' - '
Residual insecticides are only promising When tsetse fly
habitats are restricted, sb they have not been used against high fo-
rest species, However‘they have been sprayed Wwith fair success againte
. G.fusca and G.fuécipeé in large gallery fqresés of the Centrafrican
Republic (FiNEtLE & al.,1962‘& 1963 - YVORE &‘al., i962) .

4,4.,3, Insecticide - treated traps and baits .

Residual insecticides have been sprayed inside tsetse
fly trapg-to increase their efficécy With limited results., Insectici-
des have also been used in combination with attractants, on‘trgps,anf
the method is always under investigation. Studies carriéd out in Arie
scha, Tanzania, have shown that aqueous extracts of pig skins and

bristles are very attractive for G.pallidipes, but not for G.swynnerto

ni; the active principle is soluble in lipid soclvents; traps treated

with this attractant catch two times more Gl.pallidipes that untrea-~

ted ones and could be used in combination with either insecticides

or chemosterilants (ANONY¥OUS, 1965) .

£.5. Biological control .
Various attemps have been made in the past to multiply and
release naturel tsetse fly parasites (JENKINs; 1964) to control the-

se flies), but the results have not been promising .,

‘Trials on hybfidization, by cross—mating.closely related
spécies, to produce a high degree of sterility in a fly population,
have not been successful (GLASGOW, 1960) and assume the possibility

of raising large numbers of tsetse flies. ,
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Sterilization ‘of flies is possible,“gither by radiation
' or with chemosterilants (KNIPLING, 1963 — SWMITH & DAME, 1963), and
field and laboratory investigations have beéen ‘carried out. Tﬁévpubliem
hed results are partly contradictory. Acpording‘to.POTTS (1964),males
sterilized by gamma irradiation are not competitive with normal males,
- the sterilizing doses'beingznearly the same as the lethal onés; howe-
ver DAME & al, (1965) héve.fbund the .pyudiosterilized males very com-
pgtit}ve;wand having a‘pqrmal survival rate during their first .three
. Weeks of life.'CHADWICK (1964).hqs stressed that'qhomoséerilants are
not much more promising than radiatiOns} in his experimenfs.the trea’ -
ﬁeﬁ; of males alone reduces only:by 40% the average number of produ-
ced pupae,:apd the survival rate of treated males was cgnsiderably
,reduced;‘thé_treatment of females was more efficient, but it seems
difficult to reach the female component of wild tsetse fly popula-
tions. Nevertheless DAVE & al. (1965) have published that Tepa - and
" Metepa-treated males are almost all sterile and that their survival
rate is almost normal, the chemicgls being appliedueither on young
males or on pupae. If an efficient control method involving chemos-
terilant use is discovered, the problem of laborato?y massréafing of
tsetse flies would have to be solved, which will not be an easy task
(MATLLOT, 1958 ~ NASH, 1963 — BVENS, 1964); wide scale experiments
are carried out 'in Souath Rhodesia to de&elop more efficient methods

- of tsetse mass~rearing than these acfualy available .

. 6. REARING PROBLEMS AND RESEARCHE NEEDS .

All tsetse fly control methods suppose .a very thorough knc
ledge of the physiology and ecclogy of the involved speciés. Moreover,
if chemosterilants are promising mass-rearing technics and mating-ha-
bits must be studied. Improveiient of our knowledge on the bioclogy and
ecology of tsetse flies requires mass marking, release and reéaptu—

re experiments which also :imply mass-rearing of standard specimens .

The reproduction rate of .Glossina is very low, :For example
G.morsitans drops a larva every eigth day at 30°C., every eleventh
day at 24° and every twentyfifth day at 1£° (JACK,1939). The best cli-

matic conditions, for Glossina colonies have been defined by MELLANEY
(1937) ;temperature must be maintained between 25° and 27°C. for almos*®
all species; relative humidity must be high, reaching almost satura-

tion for the riverine species, such as G.palpalis. The maintenance of

adults has been done in several types of centainers, including test-

tubes (FOSTER, 1957), but for massrearing cages are more handab le;
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‘Bruce's and Roubaud's small-sized cages have been used as well as
biggef Fetana's cage. Preliminary trials carried out. by one of us
(4.C.) have shQanthét epviranmental‘ponditions such as lighting,
‘shape and volume of the cages; and fly :population density, may be of
a primary importance to ensure normal longeﬁity,'behavicur\and repro-

duction rate .

High insemination rates may be obtalned in colonies, rea-
ching 97% for G.morsitans { FOSTER, 1957) and 88% for G.palpalls‘
(NASH, 1953); but the sté¢rile-male method shall require also a per-

fect knowledge of the mating behaviour. Some data are already avai-
bable for G.morsitans and G.palpalis (FOSTER, 1957 - NASH,1955-JORDAT

19568}, but several other economically important 610081na species ha-

ve not been stuadied yet.

Feeding the adult flies is a very important problem. Too
f:equent‘blobd meals bring on the prodaction ofsmall larvae and indu-
ce abortion'the;normal frequency of feeding is two or three times beéw
A‘Ween two succe881ve larv19051tlons. Guluea,plgs have been used as
"hosts for a long time, but sheep 1S a better host, ensuring a, 6 better
longevmty and a high reproduction rate of the female flies, and now
gqats are also used with success (lASH,& KERFAGHAN, 1964). Repeated
tsetéeffly bitingmbrings out a sﬁinlreaction of the hosts; howover
NA i & KERNAGHAN (1965) hé?e developed a method allowing. to feed.AOO
flles every three days on the same geat.‘Investlgations are also car
ried out invelhing the replacement of the host by defibrinated blood,
tsetse flies feeding through a membrane (SOUTHON - & CUChING,L96é¢a &
1963 b,'KIHBER‘& HARLEY,1965), Wo may hope that improvements of the
feeding procedures will enable the production of 1ar§ae and pupae of
‘ nurmal Weight, without any hlgh mortality of the newly emerged flies
whlch is not always the case in tsetse fly laboratory colonles (NAoL
& KERNAGHAN, 965) .

" Bmergence rate from the pupae is also an important factor in
the establishment of a Glossina colony. A very high rate has been ob-
tainéd when larviposition occurs in a layer of dry sand just over

‘wet sand (NASH & al., 1950), for G.palpalis, but the problem has to

be solved for the other species,
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7. -".‘DISCUSSION AND CONCLUSIONS .,

Several methods are. avallable for controlling tsetse flles,
but all are expensive and none “of them is yet avallable for denoely fo
reoted areas, Besides tsetse flies can relnvade cleared areas if these
areas afe”not‘isolated from neighbourlng tsetse foci, either by natu-
ral barriers or by sprayed ones. Tsetse fly control, thereforo, must
be planned as a long term programme, on as a wide terfitoriql basis as
pos 1ble. In ‘many 1nstances eradlcatlon is cheaper than’ control on a
long range, the new treated areas protectlng the prev1ously treated
ones . SR s

Surveys show that Where human populatlon den31ty reaches 40
inhabitants per km2 the animal hoets of. tsetse flles belonging to the
fusca and morsmtans groups dlsappear and most,of the Glossina resting
places are cleared, in such conditions tset e fly vectors of animal tr.
panosomiasis are usually ‘no longer a problem (FORD, 1962), except if
"holy woodlands" occur, llke in the Wossi contry of Hest Africa-'but
such woodlands can be ea81ly cleared from Glossina by, 1nsect1c¢des. Ri-
verine species of Glossmna, Wthh transmit mainly human sleeplng 51ck—

‘ness caused by T. gamblense, can survive along rivers but are very easi.

ly controlled in such restricted habltats.

nWhen human density . is below .40 -inhabitants par km% tsetse fl1-
_control becomes more and more difficult and costly with ‘the scarcity

. of inhabitants. Despite our technical ability to- combat tsetse flies,
.it is still not worthwhile to undertake. large reclamation sbhemes, ex-
cept in special instances, where soils and climate arewfavourable to
intensive agriculture (COCKBILL & al,,i963); or when public health is
involved -such as in residual foci of sleeping-sickness (MORRIS,1962),
or for protection of cattle during seasonal wmigrations (FINELLE & al.,
1962 & 1963) . A S : : I

] In other situations 1nsufflclent explo¢tat10n of the country
‘W1ll permlt tsetse flies to repogulate the cleared areaelsooner or la-

ter, and the ressources employed for tsetse fly control will have been

Wasted .
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