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Foreword 

The appearance of this publication on the potential for biological control 
of the tsetse fly is very timely because of the increasing emphasis on research 
in the tropical diseases field, an area that has been sorely neglected in the past 
15-20 years. It arose from a Scientific Advisory Group meeting on the role of 
pathogens, parasites, and predators in tsetse control, held in March 1974 and 
supported by the International Development Research Centre. Scientists 
from many disciplines have contributed to this work, which is a comprehen
sive review of the biology of the tsetse fly. 

This publication should be extremely useful to those involved in applied 
entomology, and especially those working in vector control. 

]. Gill, M.D. , 
Director 

Health Sciences 
International Development Research Centre 
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Pref ace 

Classically, biological control (or biocontrol) has been largely associated 
with the deliberate use of predators, parasites, and pathogens as agents in the 
control of insect pests and disease vectors. To date, this branch of applied en
tomology has had far greater impact in the economic than in the medical as
pects of the subject. Public health entomology boasts some successes, though 
mostly on a rather limited scale, and mostly relating to mosquitoes. Certainly, 
it has no achievements to compare with , for example, the spectacular saving 
of California's citrus industry from scale-insects through the importation of 
Australasian coccinellid beetles almost a century ago; or the reclamation of 
huge areas of Australian and South African pasture-land from prickly-pear 
cactus by the importation of Cactoblastis moths from South America in the 
1920s. 

This is partly because mankind's dispersal of economically important 
plants about the world has often resulted in the accidental dispersal of pests 
and weeds, which in varying degree have proved susceptible to control by 
means of the introduction and establishment of their natural enemies (and 
latterly, diseases), from the original homeland. Many of our prime vector
borne disease problems pose the need to impose drastic control - occasion
ally pressed to the point of local eradication - upon insects (such as many 
mosquito transmitters of malaria, filariasis , and arboviruses, and all of conti
nental Africa's tsetse transmitters of human sleeping sickness and domestic
animal nagana) securely established in areas to which they are indigenous. 
Moreover, some of the most important insect vectors of disease, all the mos
quitoes and blackflies for example, are virtually free from attack by the tiny 
parasitic wasps and flies collectively known as parasitoids, which have proved 
so important as biocontrol agents in agricultural and forestry entomology. 

Therefore, the biocontrol successes against these insects of health impor
tance have tended to be associated with the manipulation of predator popula
tions, notably larvivorous fish of the genera Gambusia and Lebistes. In fact, 
beyond the realm of chemical control , environmental manipulation by, for 
example, source reduction, has made a larger contribution insofar as medical 
entomology is concerned. However, the muscoid flies and their near relatives, 
tsetse flies included, do suffer a measure of natural population limitation by 
parasitoids. There have been many experimental studies of these relation
ships, and some modest practical successes; though very modest and short
lived at least for Glossina. 

The post-World War II period saw the widespread introduction of syn
thetic chemical pesticides. These brought about a revolution in insect control. 
They opened prospects of our at last being able not only to maximize crop 
production in the face of an inexorably growing human population combined 
with a fa irly static arable land resource, but also to break the chain of trans
mission of such vector-borne scourges as malaria, filariasis , onchocerciasis, 
and sleeping sickness. Two main obstacles to the attainment of these goals 
duly presented themselves: (I) the highly complex problems of the resistance 
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of insects to pesticides; and (2) the nonselectivity and environmental persist
ence of some of these compounds. (Lately, due to the oil crisis, another such 
obstacle has been raised: (3) escalating costs of pesticides.) 

Meanwhile, the essentially new discipline of invertebrate pathology was 
emerging. Microbial control agents started to play an increasingly important 
role in biocontrol, alongside the "classical" agents already mentioned. Once 
again, though, the early achievements tended to be in economic rather than 
public health entomology. Stimulating epizootics among pests of monocul
ture crops continued to prove easier of attainment than among more diffusely 
scattered vector populations. Nevertheless, from the start, the potential of mi
crobial control of medically important insects was recognized. Following 
promising small-scale field trials with disease-causing organisms against mos
quitoes, the World Health Organization (WHO) issued an annotated list and 
bibliography of pathogens, parasites, and predators of medically important 
arthropods (Jenkins 1964) that provided an indication of the great diversity of 
candidate biocontrol agents awaiting intensive study. 

Such study has been vigorously pursued since then. Public health ento
mologists, like their economic counterparts, are now generally agreed that the 
future lies with integrated control, within the broader parameters of pest 
management. This approach provides for the conjoint or sequential use of se
lectively applied chemical pesticides, biocontrol agents, and other new nonin
secticidal procedures (e.g. based on synthetic insect growth regulators and ge
netic control), along with mechanical and other measures, in methodologies 
carefully designed not only for long-term effectiveness but also for health 
and environmental acceptability. Since 1972, there have been reports and 
compilations on the feasibility of incorporating biocontrol techniques in fu
ture integrated control programs against blackflies (IDRC 1972), mosquitoes 
(NAS 1973), and tsetse flies (IDRC 1974). There has also been some prelimi
nary planning in this direction with respect to the control of the snail hosts of 
schistosomiasis. 

The last-cited publication was the first outcome of a Scientific Advisory 
Group on "Tsetse Control: The Role of Pathogens, Parasites, and Predators," 
convened at The Memorial University of Newfoundland, St. John's, Canada, 
25-29 March 1974, under the sponsorship of the International Development 
Research Centre (IDRC), Ottawa. This book is the second outcome of that 
meeting. It represents the first attempt to place between two covers the essen
tial information on the status of existing knowledge of the natural enemies 
and diseases of one particular group of insect disease vectors, together with 
background information of ultimate relevance to the topic (i.e . pertinent facts 
about the taxonomy, distribution, bionomics, physiology, and control-history 
of that group) , besides projections of the types of research and development 
likely to prove rewarding toward the early attainment of practical biocontrol 
procedures. 

It is both encouraging to notice, and illustrative of the rapid maturing of 
the discipline of invertebrate pathology, that some notable events directly 
bearing upon this book's subject have taken place in the brief period since its 
contributors began their task less than 2 years ago. Data concerning virus
like particles from tsetse are rapidly accumulating, now that renewed interest 
is being taken in a fresh approach to integrated control, just as was the case 
with mosquitoes a decade ago. We can only hope that heightened awareness 
among those now handling large numbers of laboratory-reared Glossina, us-

8 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



ing sophisticated research technology, will be extended to large-scale surveys 
among "wild" tsetse and lead to the discovery of baculoviruses -:-. nuclear 
polyhedrosis (NPV) and granulosis (GV) viruses--of interest as future mi
crobial control agents. It would be an especially happy discovery at a time 
when these entomopathogenic entities have just been the subject of search
ing safety assessments. Out of this analysis has come the first-ever registra
tion for a "viral insecticide" (U.S. Environmental Protection Agency Reg. No. 
11273-17, with respect to ELCAR Sandoz Inc., Homestead, Florida), an isolate 
of the Heliothis nucleopolyhedrosis virus. The product was granted registra
tion and label approval on 1 December 1975, for use against two crop pests, 
the cotton bollworm and tobacco budworm. 

As the present work goes to press, an American product based on the 
mosquito worm Romanomermis culicivorax (Fairfax Biological Lab. Inc., Clin
ton Corners, New York) has been placed on the market in the USA as a con
tributor to the suppression of the larvae of many species of mosquitoes. Even 
more significantly, efforts are in progress to replace the present in vivo pro
duction of this mermithid (and others from blackflies) by in vitro technology. 
In this context, tsetse flies , while not yet known to be subject to baculovirus 
mortality, are parasitized by mermithids. Also, as recommended by the 1974 
Scientific Advisory Group, an International Development Research Centre 
gran t has been made (8 July 1975) to the Commonwealth Institute of Biologi
cal Control (CIBC) to explore the feasibility of using mutillid and bombyliid 
parasitoids of southern and southeastern African tsetse for Glossina abate
ment, notably in West Africa where Mutilla spp. are not yet known from 
these hosts. 

Meanwhile, WHO has reaffirmed its intention to conduct field trials of 
bacterial and fungal microbial control agents, and selected larvivorous fish, 
against West African mosquito disease vectors. The Organization has also de
clared its interest in investigating the possibility of using biocontrol agents 
against tsetse flies. To this need only be added the fact that the 14th Meeting 
of the International Scientific Council for Trypanosomiasis Research and 
Control (ISCTRC), of the Organization for African Unity, convened at Dakar, 
Senegal, 15-17 April 1975, included among its recommendations not only 
"the creation of breeding units in Africa, capable of producing the principal 
species of Glossina on a large scale" (i .e. to facilitate basic research as well as 
genetic control) but also "that every effort should be made to intensify re
search on the possibility of using predators, parasites or pathogenic germs in 
biological control." It is hoped that our book may help toward this end. 
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LAIRD: TSETSE 13 

Systematics 

All tsetse flies belong to the genus 
Glossina which, at present, is limited to 
Africa south of the Sahara-Somali deserts 
and north of the deserts of Southwest Af
rica, the Kalahari , and the seasonally cold 
tracts northeast of South Africa (see Dis
tribution and Bionomics). One species, G. 
tachinoides, was recorded from Southern 
Arabia by Carter (1906) but its continued 
presence there has not been confirmed. 

Tsetse flies are rather dull in appear
ance, varying in colour from a light yel
lowish-brown to a dark blackish-brown. 
Some species have transverse black bands 
on the dorsa l surface of their abdomens. 
When alive and at rest two distinctive fea
tures of the genus are obvious. The wings 
are folded one over the other like the 
blades of a pair of scissors, with their tips 
projecting beyond the end of the abdo
men ; and the tubular mouth parts, with 
ensheathing palpi, project forward from 
under the head. The smallest species is 6-8 
mm long; the largest, 10-14 mm . Details of 
the characteristics of the genus are given 
by Newstead et al. (1924). Two features 
clearly distinguish this genus from other 
Diptera : (1) the discal cell of the wing (the 
so-called " hatchet cell," characteristically 
shaped like a cleaver) , which lies between 

longitudinal wing veins IV and V.; and (2) 
the presence of secondary branches on the 
hairs of the antenna! arista. 

The genus Glossina has been included 
in the family Muscidae by most authori
ties (Newstead et al. 1924; Imms 1957), be
ing placed with either the Stomoxyinae or 
in a distinct subfamily, the Glossininae. 
Other authorities have regarded the genus 
as having very uncertain affinities with the 
Muscidae and placed it in a monogeneric 
family, the Glossinidae (Brues et al. 1954; 
Haeselbarth et al. 1966). Still others have 
looked upon the Hippoboscidae (louse 
flies) as the nearest living relatives of the 
tsetse fli es (Bezzi 1911; Bequaert 1954; 
Hennig 1965). This latter relationship has 
recently been examined in detail and ex
tended to include the Gasterophilidae 
(bot flies). 

Largely on the basis of evidence from 
wing venation, location of abdominal spi
racles, features of sperm storage in the 
male , and methods of sperm transfer, Pol
lock (1971) has grouped all three fa milies 
within his superfamily Gasterophiloidae. 
Following up these observations, Pollock 
(1973) described homologous features of 
the geni talia and segmentation of the male 
abdomen of Gasterophilus and Glossina. 
He also provided a list of features of the 
inferred basic gasterophilid stock that gave 
rise to the extant Gasterophilidae (by loss 
of adult mouthparts), the Glossinidae (by 
evolution of adenotrophic viviparity), and 
the Hippoboscidae (by evolution of adeno
trophic viviparity and ectoparasitism). 

Accounts of various aspects of the sys
tematics of Glossina are not only fo und in 
the basic work of Newstead et al. (1924) 
but also in Hegh (1929), Patton (1934, 
1936), Zumpt (1936), Gaschen (1945) , Ma
chado (1954, 1959, 1970), and Potts (1970a, 
1973). 

Divisions of the Genus Glossina 

There is general agreement that the 
genus Glossina is logically divisible into 
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14 IDRC-077e 

3mm 

B 

1mm 

Diagnostic features of the genus Glossina. A. The wing. The six longitudinal veins are indicated by 
Roman numerals. The characteristic "hatchet cell" is enclosed by veins JV and V and two cross 
veins. B. The antenna. Three segments (a, b, c) are present; the arista (d) has hairs that have sec
ondary branches (courtesy Liverpool School of Tropical Medicine). 
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LAIRD: TSETSE 15 

three well-marked groups (Newstead 
1911). Some (Zumpt 1936; Haeselbarth et 
al. 1966) have given the groups the sta tus 
of subgenera. The three groups are clearly 
distinguishable on the basis of differences 
of the male and female genital armature. 
Newstead et al. (1924) defined the groups 
as follows: 

Group 1. The fusca group (or subgenus Aus
tenina) 

"In the males of the species included in 
this group, the superior claspers are quite 
free , there being no membrane stretching 
between them; the distal extremities of 
these appendages have either a single, 
large and bluntly-pointed, tooth-like ex
tension, or they are bluntly bidentate; the 
harpes in all cases being markedly differ
ent in structure. 

The external armature in the fema les 
consists of five plates - one pair dorsal, 
one pair lateral, and a single median ster
nal one, medio-dorsal plate absent. Inter
nally the signum is generally well 
developed." 

Group 2. The palpalis group (or subgenus 
Nemorhina) 

" In the members of this group the supe
rior claspers of the males are connected by 
a thin membrane which is deeply divided 
medially; in all cases the distal extremities 
of the claspers are quite free and widely 
separated but produced into a single more 
or less falciform or tooth-like process. 

The external armature of the fema les 
consists of six plates. In addition to those 
present in Group 1, there is a small medio
dorsal plate. A sign um is never present." 

Group 3. The morsitans group (or sub
genus Glossina s. str.) 

"In the members of this group, the su
perior claspers are completely united by a 
membrane and they are also fused medi
ally at the distal extremity . . . their shape 
somewhat resembling the scapula of a 

mammal in miniature, and they are alto
gether much more complicated structures 
than those in either of the preceding 
groups. The blunt tooth-like extension on 
the distal margin of the superior claspers, 
which is most evident in G. morsitans and 
its race submorsitans, and also in G. 
swynnertoni, is homologous with the ter
minal tooth of the superior claspers com
mon to the species included in Groups 1 
and 2. 

The external armature of the females 
consists of a pair of fused anal plates and a 
median sternal plate . Dorsal plates are 
generally absent, but occur in a reduced 
form in G. austeni. There is no signum in 
any of the species." 

Typical forms of the male superior clas
pers and of the female external genital ar
mature in the three groups are illustrated. 

The division of the genus into three 
groups on morphological grounds has re
cently been confirmed by studies on the 
karyotypes of some of the species of 
Glossina (ltard 1966, 1970, 197la; Hulley 
1968; Riordan 1968; Baldry 1970; Maudlin 
1970). Relevant literature has been re
viewed by Itard (1973). Chromosome num
bers have been determined for only two 
species of the fusca group, G. fusca 
congolensis (2n = 22) and G. brevipalpis 
(2n = 16). It seems that relatively large 
numbers of chromosomes may prove to be 
typical for the fusca group. Rather more 
data are available for the other two groups 
of the genus. In the palpalis group, G. fus
cipes fuscipes, G. palpalis palpalis, and G. 
tachinoides have been studied - in all 
cases 2n = 6. In the morsitans group, 
those species that have been investigated 
( G. morsitans morsitans, G. m. centralis, G. 
swynnertoni, G. pallidipes, G. longipalpis, 
and G. austem) all have a basic number of 
2n = 6 large chromosomes, usually with 
the addition of a variable number (up to 
2n = 8) of smaller chromosomes. The 
number of smaller chromosomes can vary 
(both between species and between indi
viduals of a single species / subspecies) 
without any apparent deleterious effect. 
These smaller chromosomes may appro-
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Fusca 
Group 
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Pal pal is 
Group 
(x 90) 

Morsitans 
Group 
(x 155) 

stp / 
_,.__~~~--:..--~_;....-

Diagrammatic representation of typical forms of the external genital armature of fem ale Glossina 
in the three groups into which th e gen us is divided: ap = anal plate; dp = dorsal pla te; mdp = 
m edia-dorsal pla te; and stp = sternal plate (courtesy Liverpool School of 7 ropical M edicine). 
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Diagrammatic representation of typical forms of the superior claspers of Glossina in the three 
groups into which th e gen us is divided (courtesy Liverpool School of Tropical Medicin e). 
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18 IDRC-077e 

priately be regarded as supernumerary or 
B chromosomes (ltard 1970; Southern and 
Pell 1973). The discovery of polytene chro
mosomes in Glossina (Burchard and Bal
dry 1970; Haring 1970; Riordan 1970) has 
been followed by the construction of cyto
logical maps for G. m. morsitans and G. 
austeni (Southern et al. 1973; Southern 
and Pell 1974). Further detailed studies on 
other species / subspecies in future should 
allow a deeper insight into the relation
ships between the various taxa of Glossina. 

In addition to the morphological and 
now karyotypic evidence for the division 
of Glossina into three groups, it has long 
been known that this division of the genus 
is in the main confirmed by the habitat 
preferences of the various species. 

The species of the Fusca group are typi
cally inhabitants of the great rain forests of 
west and west-central Africa or of the gen
erally drier forest outliers, often associated 
with streams and rivers in the savannah, 
surrounding these forests. The distribution 
of the Fusca group is much fragmented, 
the activities of man (primarily the felling 
of forest vegetation for farming purposes, 
and the hunting and driving away of the 
forest animals on which the flies feed) hav
ing rendered large areas unsuitable as hab
itats for these species of Glossina. Two 
species are atypical in that they occur in 
east Africa in still drier habitats than those 
species found to the west. The habitats oc
cupied by G. brevipalpis (evergreen thick
ets and other relatively moist situations) 
are much closer to the humid forest habi
tats occupied by G. longipennis. This, the 
second atypical species of the Fusca com
plex, is found under drier conditions than 
any other tsetse. 

The palpalis group are also basically for
est-dwellers. However, most species tend 
to be primarily associated with water
courses and lakeside environments. Addi
tionally, the most important species, G. 
palpalis, G. fuscipes, and G. tachinoides, 
extend linearly far out into the savannah 
woodlands surrounding the areas of forest 
vegetation, occupying the thicker vegeta
tion fringing streams, rivers, and (particu-

larly in the case of G. fuscipes in east 
Africa) lakeshores. No species of the 
palpalis group occurs along the river sys
tems draining into the Indian Ocean. 

The species of the morsitans group oc
cur mainly in the savannah woodlands 
surrounding the extensive forest areas of 
west and west-central Africa. To the north 
and southwest their distribution is limited 
by deserts, to the southeast by cold win
ters, and to the east by the sea. In eco
nomic terms the members of the 
morsitans group (particularly the various 
subspecies of G. morsitans itself) far out
weigh in importance all the other species 
of Glossina . They occupy vast areas of po
tential cattle grazing country. 

The Species and Subspecies of 
Glossina 

The genus Glossina is currently consid
ered by most authorities to include 4 ex
tinct species and 22 extant ones. A limited 
number of subspecies are recognized. Ta
ble 1 (Jordan 1974b) lists the living mem
bers of the genus. Studies by Machado 
(1954, 1959, 1970) have contributed greatly 
to putting the systematics of Glossina onto 
a sound footing, particularly in clarifying 
the formerly confused terminology of the 
palpalis group and of the subdivisions of 
G. morsitans. Keys for the identification of 
the species listed in Table 1 were given by 
Potts (1973) , who also illustrated the diag
nostic features (particularly of the male 
and female genital armature) of the vari
ous species. 

Machado (1959) studied the affinities of 
the species of the Fusca group. He recog
nized one closely related subgroup of spe
cies comprising G. Fusca, G. haningtoni, G. 
nashi, G. tabaniformis, G. schwetzi, G. 
vanhoofi, and G. fuscipleuris, with a gen
erally western or central African distribu
tion . G. brevipalpis and G. longipennis, 
although showing marked differences from 
one another, were considered to comprise 
a second, eastern subgroup. The position 
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Table 1. The genus Glossinn (from Jordan 1974b). 

f11sca group pa/pa/is group morsitans group 

G. f11sca G. pa/pa/is 
f11sca (Walker) 1849 
c011golensis Newstead & Evans 1921 

G. taba11ifor111is Westwood 1850 

pnlpnlis (Robineau-Desvoidy) 1830 
gambiensis Vand erplank 1949 

G. longipalpis Wiedemann 
1830 

G. morsitans 
morsitans Westwood 1850 
s11bmorsitans News tead 
1910• 

G. tncli i11 oides Westwood 1850 
G. lo11gipe1111is Cortie 1895 G. pnllicera 
G. brevipnlpis Newstead 1910 
G. nigrofusca 

pallicera Bigot 1891 
newsteadi Austen 1929 centralis Machado 1970 

G. f11scipes G. pallidipes Au sten 1903 11igrof11 sca ewstead 1910 
li opki11si Van Emden 1944 

G. f11scipleuris Austen 1911 
G. medicorum Austen 1911 
G. severini Newstead 1913 

f11scipes ewstead 1910 
111nrti11ii Zumpt 1933 
q11a11ze11sis Pires 1948 

G. a11steni ewstead 1912 
G. swynnertoni Auste n 1923 

G. caliginea Austen 1911 
G. scli wetzi Newstead & Evans 1921 
G. Jia11i11gto11i Newstead & Evans 1922 
G. vanlioofi Henrard 1952 
G. naslii Potts 1955 

a An eastern form, uga11de11sis Vanderplank 1949, of this subspecies is recognized by Machado (1970) . 

of the remaining three species is uncertain. 
However, G. nigrofusca was considered to 
be intermediate between the two sub
groups, G. medicorum to be rather more 
closely related to the first subgroup, and 
G. severini (showing a mixture of features) 
to be difficult to place. 

The species of the Fusca group have 
been studied less than those of the palpalis 
and morsitans groups. The possibilities for 
the existence of geographically separated, 
morphologically distinct races or subspe
cies have not been closely examined. Nev
ertheless, two species have been split into 
subspecies on geographical and morpho
logical grounds. G. n. nigrofusca, which 
occurs in west Africa , is distinguishable 
from G. n . hopkinsi, which is present from 
Chad southeast to Uganda, by differences 
in the shape and pilosity of the antennae. 
The male and female genita lia of the two 
subspecies are apparently identical (Van 
Emden 1944; Machado 1959). Two subspe
cies of G. Fusca are also recognized (Ma
chado 1959; Le Berre and ltard 1960; Jor
dan 1965). G. f. Fusca is a macrophallic 
form. It is restricted to the forest regions 
west of the Togo-Benin savannah gap. G. f. 
congolensis is a microphallic form that oc
curs east of the Togo-Benin savannah gap 
(although a few specimens have been re
corded from Ghana, west of the gap) and 

southwards around the edge of the central 
African rain forest to Angola and southern 
Zaire. Machado (1959) recognized a geo
graphical dine within G. f. congolensis but 
considered this to be of less significance 
than the difference between G. f. Fusca and 
G. f. congolensis. 

The palpalis group is a much more hom
ogeneous assemblage of species than is the 
Fusca complex. The nomenclature of the 
palpalis group followed here is that pro
posed by Machado (1954). G. Euscipes has 
formerly been considered both as a dis
tinct species and as a subspecies of G. 
palpalis. Machado (1954) reestablished the 
specific status of G. Euscipes originally pro
posed by Newstead (1910). Three of the 
five species in the group have been further 
divided into a number of subspecies. Two 
subspecies of G. palpalis are recognized: 
(1) G. p. gambiensis to the west of Togo
Benin; and (2) G. p . palpalis east to Came
roon and then extending south, along the 
western sea board of Africa, to Angola. In
termediate forms frequently occur in ·an 
extensive zone of overlap of the two sub
species. Identification of the two forms is 
primarily based on differences in features 
of the male and female genital armature. 
G. Euscipes is divided into three subspecies 
that together occupy the block of west
central African rain forest and ex tend out-
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wards along watercourses into the sur
rounding savannahs. Their distribution is 
extended to the east to include the shores 
and river systems associated with some of 
the great lakes of east Africa, particularly 
Lakes Victoria and Tanganyika. G. f. 
fuscipes occurs in the northern part of this 
distribution, ranging from Cameroon in 
the west, to Kenya in the east, and to An
gola and central Za'ire in the south. G. f. 
quanzensis is found in the southwest of 
the species' area of distribution, primarily 
in northern Angola and southwest Za'ire. 

G. E. martinii occurs in the southeast of 
this area, primarily in southeast Za'ire but 
extending into western Tanzania and 
northern Zambia. O nly limited zones of 
overlap occur between the three subspe
cies. The subspecies are distinguished by 
characteristics of the male and female gen
italia. Although some variation occurs 
within the subspecies, no incontrovertible 
transitional forms have been described 
(Machado 1954). G. pallicera is also di
vided into two subspieces. G. p. pallicera 
occurs in rain forest from Sierra Leone to 
Cameroon. It is separated geographically 
from G. p. newsteadi, which occurs within 
the extensive rain forests of west-central 
Africa. The two species are distinguished 
by characteristics of the genitalia and the 
extent of pilosity of the third segment of 
the antennae. 

Five species are recognized within the 
morsitans groups of Glossina. However, in 
view of the close relationship between cer
tain of the species, it is perhaps realistic to 
consider the group to comprise two spe
cies-complexes ( G. longipalpis and G. 
pallidipes forming one complex, and G. 
swynnertoni and the various subspecies of 
G. morsitans the other). One somewhat 
aberrant member, G. austeni, is undoub
tedly very closely related to G. longipalpis 
and G. pallidipes. They can only be sepa
rated on morphological grounds by a few 
fine details including the coloration of the 
last tarsal segment of the foreleg and mi
nor variations in the male genitalia. Hae
selbarth et al. (1966) considered G. palli
dipes to be a subspecies of G. longipalpis. 

Here, though, we follow Machado (1965, 
1966) and consider the two species as dis
tinct until such time as a thorough re
examination of their systematics has been 
undertaken. The distributions of the two 
species do not overlap. The western one, 
G. longipalpis, is separa ted from the east
ern G. pallidipes, by a bout 1000 km. G. 
longipalpis, limited to a relatively narrow 
band of savannah vegetation north of the 
large blocks of west and west-central Afri
can rain forest, is closely associated with 
thickets. G. pallidipes (East Africa) is also 
closely associated with thickets but ex
tends from Ethiopia in the north to Mo
zambique in the south. Many of its habi
tats are very much drier than any of those 
occupied by G. longipalpis. This suggests 
that there may well be physiological differ
ences between the two species. 

A variety of minor taxa of G. morsitans 
have been described. However, it is pro
posed to follow the revision of Machado 
(1970) , and to recognize only three subspe
cies (referred to by him as "races geograph
iques majeures"). Because of confusion 
over the locality of origin of the original 
type specimen described by Westwood 
(1850), the subspecies formerly referred to 
as G. m. orientalis Vanderplank becomes 
G. m . morsitans Westwood; and that re
ferred to by Vanderplank (1949) and various 
subsequent authors as G. m. morsitans 
Westwood becomes G. m. centralis Ma
chado. An eastern form ( ugandensis 
Vanderplank) of G. m. submorsitans is 
recognized. G. swynnertoni is considered 
as a separate species, although closely re
lated to G. morsitans (Machado 1966). The 
three subspecies of G. morsitans and G. 
swynnertoni can be readily distinguished 
by features of the male genitalia. The sub
species of G. morsitans are generally sepa
rated from one another geographically. G. 
m. submorsitans occurs in much of the sa
vannah woodland north of the blocks of 
rain forest, extending from Senegal in the 
west to Ethiopia in the east. G. m. centralis 
occurs mainly in the savannahs east and 
sou th of the west-centra l African rain for
est, although it is also found to the south-
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west of the forest in Angola . G. m. 
morsitans occurs to the east of G. m. 
centralis. Machado (personal communica
tion) has distinguished a zone of overlap of 
G. m. morsitans and G. m. centralis in 
Zambia, whereas there is some overlap of 
G. m. centralis and G. swynnertoni (which 
has a very restricted distribution) in Tan
zania. Some of the possible combinations 
of crosses between the subspecies of G. 
morsitans and G. swynnertoni have been 
achieved in the laboratory (Vanderplank 
1947, 1948; Curtis 1972). Most degrees of 
resulting hybrid sterility confirm the taxo
nomic ca tegories recognized by Machado 
(1966, 1970). Curtis (1972), though, con
cluded that G. swynnertoni is about as ge
netically compatible with the subspecies of 
G. morsitans as they are with one another. 

The Phylogeny of Glossina 

The genus Glossina is evidently an an
cient one. Fossil examples attributed to 
four species have been recorded from sed
imentary shales in Colorado, USA (Cocke
rell 1918). Although there is some doubt as 
to the precise age of these deposits, they 
are generally attributed to the Oligocene. 
By this time the genus was already dis
playing considerable variation, at least 
with respect to size. The wing lengths of 
G. oligocena and G. osborni were 16 and 7 
mm, respectively. Unfortunately, the 
structural details of the genitalia of the 
fossil species are unknown. 

A number of authorities have specu
lated on the relationships between the fos
sil and extant species of Glossina, and on 
the likely distribution of the genus in ear
lier geological periods. Much of the cur
rent opinion on this subject was reviewed 
and analyzed by Ford (1970). Evens (1953) 
postulated that the fossil species were 
closely related to the present day species 
of the Fusca group. Machado (1959) dis
puted this, submitting that the paleonto
logical evidence reveals no more than that 
the genus has shown considerable varia-

tion for a long period of time, and that it 
previously extended beyond its present 
range. 

A number of authorities, like Evens 
(1953) - although basing their conclu
sions on other criteria - have suggested 
that the living members of the fusca group 
show more "primitive" features than the 
species of the palpalis and morsitans 
groups. Newstead et al. (1924) considered 
that the superior claspers of the male be
come progressively more complicated 
through the groups fusca - palpalis -
morsitans. Bursell (1958) also considered 
the modern fusca group to be the most 
primitive. He postulated that the ancestral 
Glossina inhabited a humid forest envi
ronment, as do most members of the fusca 
group of today. Bursell also suggested that 
divergence from this ancestral type was 
associated with increased water-proofing 
of the puparia, resulting in speciation and 
the evolution of forms able to survive in 
drier environments. He saw evolution as 
progressing from a predominantly hydro
philic fusca group (via an intermediate 
palpalis group) to a predominantly xero
phyllic morsitans group. G. longipennis (a 
member of the fusca group and an inhab
itant of extremely dry areas) and G. 
austeni (a member of the morsitans group 
and an inhabitant of moist environments) 
were considered as examples of reversion 
to drier or wetter environments after the 
adoption of a basic habitat by the group to 
which they belong. 

Machado (1959) questioned these wide
ly held views. While agreeing that the sup
perior claspers appear to become progres
sively more complex from the fusca group 
to the morsitans group, he pointed out 
that the complicated harpes of many spe
cies of the former can hardly be considered 
as a primitive feature. Recently Pollock 
(1973) has taken the argument a step fur
ther. He suggested that the present-day 
species of the morsitans group should be 
considered as possessing the most primi
tive features, and those of the fusca group, 
the most specialized ones. He based this 
conclusion on evidence that species of the 
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morsitans group are morphologically 
much closer to Gasterophilus than species 
of the Fusca group. Such a conclusion is 
only relevant if one accepts the postulated 

common origin of the extant Gasterophili
dae and Glossinidae in a basic gasterophi
lid stock. - A.M. Jordan. 
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Control Methods 

Twenty years ago, an attempt to classify 
methods of tsetse control included: direct 
attack; starvation; habitat modification, 
and autosterilization. Direct attack in
cluded controls by: (1) parasites and pred
ators; (2) hand-catching and traps; and (3) 
insecticides. Under the heading starvation, 
it was noted that it was uncertain whether 
game (wildlife) elimination acts solely by 
inducing starvation. It is still uncertain. 
Under habitat modification were noted (1) 
sheer and (2) partial bush clearing, and 
also (3) human occupation. Finally, under 
the title autosterilization came (1) hybridi
zation and (2) male sterilization by gamma 
rays (ISCTR 1958). The two latter methods 
are now called autocidal or genetic control. 
Two decades ago, they evoked little enthu
siasm. Today they absorb a large part of 
research expenditure on tsetse control by 
the aid-nations. For a recent revision of the 
above classification under the headings of 
direct and indirect attack, see Potts 
(1970c). 

No serious appraisal of trypanosomiasis 
control techniques, of which tsetse abate
ment is one, can be made outside the con
text of African cultural and economic 
development. Of immediate relevance to 
such an approach, of course, are the risks 

of disruptive epidemics of sleeping sick
ness such as have occurred in the last 15 
years around the rim of the Zai"re basin 
and (on a much smaller scale, but disturb
ingly widespread) elsewhere. 

The African trypanosomiases are pr;nci
pally remarkable for the vast area in which 
their presence inhibits various sorts of ru
ral development. It has to be emphasized, 
however, that these diseases do not com
prise the only obstacles to the exploita tion 
of the ten million or so square kilometres 
infested by Glossina. Throughout much of 
the area , intensive cultivation (except on a 
relatively small scale) has been prevented 
by extreme poverty in soil nutrients; com
bined on the one hand, with unreliability 
of rainfall and, on the other, with inade
quate or patchily distributed groundwater. 
It is not just with respect to African peas
ant agricul ture that this is true. A number 
of expensive failures of modern technol
ogy in the last quarter-century also bear 
witness to the fact that control or eradica
tion of trypanosomiasis is not automati
cally followed by economic improvement. 
This may be emphasized by reference to 
costs. 

In Uganda, from 1947 to 1955, the cost 
of freeing 18 500 km2 from tsetse flies was 
7.4 Uganda shillings (Ushs) per hectare. 
Another 6600 km2 recla imed in the next 11 
years cost 63.0 Ushs / hectare. Finally in the 
5 years up to 1971 costs rose to 84.7 Ushs/
ha, when 5900 ha were reclaimed (Jahnke 
1973). The increases in cost were not en
tirely due to inflation. They also reflected 
the need for special measures, never fully 
successful, to prevent reinfestation. An
other cause of cost-increase springs from 
the fact that as the area treated is enlarged, 
so the distances from centres of sµpply 
also increase. Clearly, there is a need for 
tsetse control to proceed at a rate geared to 
the rate of economic expansion and the es
tablishment of new rural industry. 

This was recognized, in the early years 
of political independence, by the provision 
of funds from the European Economic 
Community (EEC) for the reclamation and 
development of the Bugesera region of 
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Rwanda. Twenty-five years previously, 
this region had been invaded by Glossina 
morsitans carrying both animal and hu
man trypanosomiasis (due to Trypano
soma rhodesiense). At a cost of $1 US 
per hectare a 98% control was achieved 
over the tsetse flies by discriminative aerial 
application of Telodrin to only 13% of the 
infested area (Buyckx 1964, 1965). The im
portant point here is that the funding of 
the Glossina control work accounted for 
only 1.5% of the allocation for develop
ment of the area as a whole. For most of 
the deciduous woodlands and wooded sa
vannah infested by G. morsitans, expendi
ture of comparable proportion for tsetse 
control:total development costs, is still 
probably correct. However, it may well be 
that total development expenditure may 
have to be spread over a period so long 
that the initial and essential attack on the 
trypanosomiases is forgotten by the time 
full productivity is achieved. 

The problems of world population 
growth and resource conservation compel 
one to look at the biological control of 
Glossina not only in relation to other 
methods, but also as a technique for eco
system management. The ecosystems 
affected by trypanosomiasis can be re
garded as comprising five groups of organ
isms: (1) the large wild vertebrate fauna, 
supporting as their own internal parasites 
(2) the trypanosomes pathogenic to (3) the 
larger domestic livestock and ( 4) man him
self. The tsetse flies (5) sustain transmis
sion of the trypanosomes between the 
other four groups. Each of the five is, itself, 
a system of great complexity - ecological, 
physiological, behavioural, and genetic. 
Much research immediately relevant to 
adequately planned control still remains to 
be done in each of these fields. 

Any successful control operation, by 
any means not involving wasteful destruc
tion of natural resources (except, perhaps, 
wholesale bush clearing preliminary to in
tensive cultivation), must be planned on a 
basis resulting from study of the distribu
tion, behaviour, and densities of the 
Glossina populations throughout their en-

vironment. Such work owes a great deal to 
early field investigations carried out in 
Tanzania between 1925 and 1950, under 
the particular influence of C.F.M. Swyn
nerton, to whom many of the relationships 
outlined above were familiar. Much 
influenced by the American plant ecologist 
F.E. Clements, Swynnerton conceived the 
natural biome as having a characteristic 
structure, furnishing the physical environ
ment in which Glossina spp. find shelter 
from extremes of climate, perching places 
from which to observe the arrival of host 
animals, and breeding sites where females 
larvi posit. 

An exhaustive account of the hy
potheses developed from 1930 onwards to 
explain the relationship between the ob
served responses of a G. morsitans popula
tion to the human observer and the vege
tation patterns related to soil catenas 
associated with drainage systems, would 
require several chapters. It is sufficient to 
note that it eventually proved that rela
tively dense populations of this tsetse (in 
which the proportion of females caught is 
very small) tended to be associated, 
throughout vast areas of Brachystegia
Julbernardia woodland with ecotonal vege
tation bordering drainage lines. These of
ten ran into seasonal swamps variously 
known as dambos, mbugas, vleis, or man
das . The low percentage of females caught 
indicated that these peripheral ecotones 
were the zones in which breeding tended 
to be concentrated and the tsetse popula
tion as a whole was well nourished. Felling 
of arboreal vegetation in such ecotonal 
zones was generally followed by a pro
nounced decline in the tsetse catch, in 
some cases to zero. This method of dis
criminative clearing usually involved the 
destruction of about 5% of the total tree 
cover. It commended itself to 
Swynnerton's team because it appeared to 
minimize alteration in the natural ecosys
tem as well as avoiding any attack on the 
wildlife. 

The true explanation of the low female 
percentage in the catch made by men us
ing nets has only recently become clear 
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from the work of Vale (1974) using simple 
elec trical devices of great ingenuity. The 
theory of discriminative clearing was, in 
many respects, faulty. However, it formed 
the basis for many useful control schemes 
at a time when large scale wildlife slaugh
ter was the only alternative. Aerial photog
raphy began to be used for planning con
trol measures shortly before the synthetic 
organic pesticides came into use. The map
ping of vege tation patterns to show the so
called "true habitat" of G. m orsitans and 
related species such as G. swynnertoni and 
G. pallidipes was successfully taken over 
by the newer techniques (for example, as 
in the Rwanda operations described 
above). It is to be emphasized that any 
control method involving the introduction 
of biocontrol agents (whether pathogens, 
parasites, or predators, or autocidal agents 
such as artificially sterilized males) will 
necessarily make extensive use of the 
planning techniques developed for dis
criminative clearing and later refined for 
insecticide application. 

A genera l recipe for eliminating 
Glossina cannot be produced. The ele
ments in the habitat rendering populations 
of Glossina (of the morsitans and palpalis 
groups) vulnerable to at tack by partial or 
discriminative bush clearing (Swynnerton 
1936; Van den Berghe and Lambrecht 
1963) differ according to the climatic zones 
and vegetation types in which they are sit
uated. From the detailed analysis (Nash 
and Page 1953) of the microclimates used 
by G. p. palpalis populations in the Nige
rian-northern Guinea zone it thus seems 
clear that the effectiveness of the partial 
felling of riverine trees advoca ted by these 
auth ors must have been due to the de
struction of the flies' ecoclimate. Neverthe
less, the recent studies by Challier (1973, 
1975) reveal that the population density of 
G. p . gambiensis is controlled in nature by 
a complex of diverse factors acting in such 
a way that the tsetse population is always 
in a state of unstable eq uilibrium. 

On the other hand, the probable cause 
of G. m. cen tralis population decline after 
felling of eco tonal woodlands in the west-

em flybe lt of Tanzania now seems to have 
lain in its interference with feeding beha
viour rather than in its destruction of the 
ecoclimate. It has long been known that 
warthogs (Phacochoerus aethiopicus) gen
erally supply from 30 to 50% of the blood 
meals of G. morsitans in these areas. 
Warthog distribution is linked to the dis
tribution of burrows made by antbears or 
aardvarks (Orycteropus afer), which they 
use as shelters. The distribution of ant
bears is closely correlated with the distri
bution of large mound-building termites 
(Macrotermes spp. and associated Isopt
era) in seeking which the antbears 
construct their burrows. Termitaria may 
be found in a variety of sites throughout 
the genera l woodland. However, they tend 
to be concentrated in a band 50-100 m 
wide along drainage systems and around 
the seasonal swamps, which support a 
characteristic evergreen flora of trees and 
shrubs, giving the ecotone its principal 
characteristic. 

Especially in the dry weather (when the 
concentration of tsetses is greatest in the 
ecotones), warthogs feed upon the roots 
of grasses, such as Hyparrhenia spp., 
flouri shing in the seasonal swamps. Bush 
felling in this zone may therefore destroy 
the warthog habitat, so interfering with 
both the feeding and mating patterns of 
tsetse. This conclusion derives support 
from observations that the decline in den
sity of the G. morsitans population is ac
companied by an increase in the propor
tion of females taken in net catches. This 
is indicative of a generally poor state of 
nutrition. Further south , under a some
what more arid climate in the Zambezi 
river valley, Pilson and Pilson (1967) 
showed that antbear burrows have an im
portant function as refuges from the dan
gerously high midday temperatures of the 
mopane (Colophospermum) woodlands. 
Indeed, without them, and other holes, G. 
m. morsitans would be unable to survive 
in the leafless woodland at the height of 
the hot season. It is worth noting that the 
antbear (which being nocturnal escapes at
tack by Glossina) dies if artificially in-
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fected with trypanosomes (Ashcroft 1959). 
Attack on G. morsitans by discrimina

tive clearing or selectively applied 
insecticide in environments of the types 
described, have not always been success
ful. Where there has been success, doubts 
have remained about whether this has 
been due to the specifica lly anti-tsetse op
erations or to the actions of new settlers in 
further expelling or disturbing the wild 
host animals. Often, however, where ini
tial success has been incomplete, the con
tinuation of surveys and use of the control 
technique against residual pockets of 
tsetse infestation has had to be continued 
over several seasons. 

The problems of planning surveillance 
and of application of whatever control 
technique is decided upon, become sim
pler as one approaches the hotter and 
drier climates limiting the continental dis
tribution of the genus. The greatest suc
cesses (in terms of area) achieved without 
slaughter of wildlife, have been located in 
the Sudan and northern Guinean zones of 
northern Nigeria and in the Sabi-Lundi 
river basin of Rhodesia and Mozambique. 

In Nigeria G. m. submorsitans, G. p. 
palpalis, and G. tachinoides may occupy 
the same flybelt. The attack on them (by 
selective application of 3.75% DDT in 
wa ter) began in 1955, at first separately 
(Maclennan 1958; Maclennan and Kirby 
1958) and la ter simultaneously (Maclen
nan and Aitchison 1963). This work still 
continues. By 1966 an area of 32 000 km2 

had been successfully treated. By 1971 the 
greater part of a 94 000 km2 block addi
tional to the first, had been covered by the 
extermination units (Maclennan and 
Na'isa 1971). It is too soon to know 
whether these operations have been com
pletely effective. One advantage peculiar 
to Nigeria is that its G. morsitans belts are 
much divided. In 1956 a map published by 
Maclennan (1958) showed 31 discrete 
belts. It must be noted, however, that 
while the control operations have been in 
progress, several of these belts have ex
panded and coalesced. 

The southern scheme, on the contrary, 

had to deal with an expansion of a flybelt 
stretching northward for some 2000 km 
(broken only by the narrow gap of the 
Zambezi River) almost to the border of 
Kenya. It was chiefly remarkable in calling 
for, and receiving, the collaboration of 
three governments and three control staffs; 
for although the tsetses were located in 
Rhodesia and Mozambique, the principal 
threat was to the valley of the Limpopo 
River and northern parts of South Africa 
- including the Kruger National Park, 
which had become free from tse tse follow
ing the rinderpest panzootic at the end of 
the 19th century (Ford 1971). Robertson et 
al. (1972) reported the successful cone! u
sion of an insecticide operation covering 
10 950 km2 during nine seasons of work, at 
a cost of US $0.83/ ha of land infested by 
G. m . morsitans and G. pallidipes. In gen
eral the cost of tsetse control with insecti
cides is very much cheaper than the older 
methods of bush clearing, whether by 
manual labour or mechanically. 

One result of the advent of synthetic 
pesticides was a great enlargement of the 
field of research into Glossina behaviour. 
Studies on the resting habits of tsetses 
were begun by Nash and Davey (1950) 
as a means of finding species which do not 
readily approach man. Somewhat similar
ly, Isherwood (1957) studied G. swyn
nertoni at rest, in an attempt to elucidate 
the low response of its females to man. 
The relevance of such studies to insectici
dal control was realized as soon as formu
lations and application techniques were 
developed to take advantage of the resi
dual properties of some of these chemicals. 
(Initially, the use of smokes and fogs did 
not appear to demand knowledge of the 
insects' whereabouts, penetration of the 
whole vegetation space seeming to be of 
the first importance - Burnett (1970) re
views these methods of control.) 

With the introduction of residual insec
ticides such as DDT in aqueous suspen
sion, and dieldrin, information on resting 
sites (including seasonal and circadian var
iations) became one of the essential pre
liminaries to control work. Thus Davies 
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Pesticide residues are selectively applied to the boles of isolated trees in the Sudan zone of Nigeria , 
famaari River 1963 (John Ford). 

(1964) describes measures taken, in succes
sive dry seasons from 1955 to 1964, against 
G. m. submorsitans and G. tachinoides on 
rivers draining from northeast Nigeria 
into Lake Chad. The technique finally de
veloped, partly through study of resting 
sites, partly empirically, eventually in
volved application of the insecticide to the 
trunks of trees of more than 23 cm in di
ameter growing in heavy shade on the 
riverine flood plain. Where G. morsitans 
was present in high density, these trunks 
were sprayed to a height of 1.5 m, but 
where G. tachinoides was found alone or 
accompanied by only low density G. 
morsitans it was possible to confine spray
ing of these tree trunks to the first 0.6 m 
above ground. (For studies of resting sites 
in hot, semi-arid environments near the 
southern limits of Glossina see Pilson and 
Leggate 1962; Pilson and Pilson 1967.) 

Treament of only the larger tree trunks 
does not work in the woodlands of the 
more humid northern Guinean zone of Ni-

geria, where a situation rather like that de
scribed above in western Tanzania is 
found, Brachystegia spp. being replaced as 
dominants by the closely related Iso
berlinia spp. Here teams of four spray
ers, covering between them a swath of 75 
m, move along each side of the drainage 
lines applying the insecticide to the under
sides of branches of 5 cm or more width at 
heights between 1.5-3.7 m above the 
ground (Maclennan 1967). It will be seen 
that the insecticide is applied precisely in 
that zone which, in earlier years, would 
have been discriminatively cleared. 

The objections first raised some years 
ago in North America to the widespread 
use of persistent pesticides to control in
sects injurious to food crops, have had lit
tle impact so far on their use against tsetse 
flies . Where concern has been expressed, it 
has focused more upon wildlife than upon 
the human inhabitants of the flybelts. 
Koeman et al. (1971) studied fauna! 
changes following dieldrin spraying 
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Selective application of DDT to adult resting place of G. tachinoides (branches of Tamarindus in
dica L.), Kalamaloue Reserve, Chad (1 March 1973, M. Laird). 

against G. palpalis and G. tachinoides of 
the Matyoro swamp (Gongola River, 
northeastern Nigeria) . The principal 
finding was of a general decline in the 
prevalence of certain insectivorous birds 1 
year after a single dieldrin application. 
Only one species, the white-crowned robin 
chat, disappeared completely. Obviously, 
permanent disappearance would depend 
upon the ability of an eliminated species 
to immigrate again from neighbouring 
populations. Although some deaths were 
caused by direct dieldrin poisoning, insec
tivorous birds also suffered because of 
high mortality among their insect prey. 

Langridge and Mugutu (1968) also studied 
the after-effects of dieldrin spraying. They 
found corpses of a number of small mam
mals (of which the largest was a vervet 
monkey) birds, snakes, and lizards. They 
also studied mortality in the insect popula
tion, hanging 84 cm diameter drop-nets 
under the vegetation to be treated. The 
mean daily catch of ants in the 3 days be
fore spraying was 28.3. In the 3 days fol
lowing it was 149.0, and in the last 9 days 
of the month after spraying (days 22 to 31 
inclusive) the drop-nets yielded only a 
daily mean of 6.2 ants. The corresponding 
figures for spiders were 6.3, 87.3, and 2.5, 
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and for wasps 1.7, 8.0, and 0 .0 . Mosquitoes 
(mainly Culicini) formed the greater part 
of the total kill, and yielded 70.3 individu
als for the mean daily prespraying catch , 
180.3 immediately after, and 78.6 at the 
end of the month . This indicated that, un
like the predators and foragers, they had 
made a complete recovery. 

The first successful eradication of a 
flybelt was carried out by du Toit et al. 
(1954). They pointed out that the tsetse 
parasitoid 1 Thyridanthrax brevifacies 
appeared to have been eliminated more 
quickly than its hosts. Therefore, they 
urged, insecticide applications should al
ways be kept up until the achievement of 
complete eradication of Glossina. Rogers 
(1975) recently proved a density-depen
dent relationship between tsetse incidence 
and the intensity of predation by birds. He 
showed, too, that spider predation affected 
a constant proportion of the tsetse popula
tion, regardless of the latter's density. Rog
ers also demonstrated a density-dependent 
relationship between the incidence of 
Glossina puparia and predation by ants of 
the genus Pheidole. 

An unsatisfactory feature of some for
eign aid programs is that they are budg
eted for the application of a prestated 
amount of insecticide. The program closes 
when the spraying is completed, and its re
sults---only insofar as Glossina is con
cerned - are assessed . It is usual to ignore 
the effects of ecological imbalance, 
whether on residual populations of 
Glossina (if the program is unsuccessful) 
or on other organisms (if it is not) . The lit
tle work so far done suggests that much 
more field research is needed on these 
wider ecological aspects of tsetse control. It 
is, however, necessary to note that al
though very large areas may be involved in 
these operations, the amount of insecticide 
that has been used in selectively applied 
ground sprays in semi-arid environments 
is comparatively small. 

1 Entomophagous insects in which the non
parasitic (adult) phase is free-living. 

Cockbill (1970) thus stated that during a 
single year in Rhodesia , 151 metric tons of 
75% DDT were dispensed at an average 
rate of 5 g/ acre applied to the bark of large 
trees, to rot holes in trees, to the surfaces 
of fallen logs, and to holes in the ground. 
Environmental pollution from these sites 
is trivial compared with that from those 
general agricultural practices in which per
sistent pesticides are applied at rates of 
0.45--0.68 kg / acre to growing crops several 
times in each season . 

Each new insecticide or the extension of 
use of an insecticide into new environ
ments involves trials of its toxicity to 
Glossina and its persistence on different 
surfaces (bark of local trees, leaves, soil 
surfaces, etc.) . Also , it is necessary to study 
resting behaviour. It has already been 
noted that as one moves away from the 
arid borders of the Glossina belt towards 
the generally more humid equatorial re
gions , selectivity in insecticide treatment 
against the palpalis and morsitans groups 
becomes more difficult. Some of the prob
lems thus created have been solved by re
cently developed techniques, for example 
the applica tion of endosulfan i~ invert em
ulsion from helicopters (see discussion of 
these and other newer techniques on 
p. 177-186. 

So far, we have been concerned only 
with control of the commoner species of 
the morsitans and palpalis groups. At one 
time, Fusca-group tsetse flies were regarded 
as of little importance. This view is no 
longer tenable . Apart from their possible 
role in sustaining transmission of human
infective trypanosomes among wild animal 
reservoirs (which is suggested by some 
features of the Za"ire epidemics), it is evi
dent that they cannot be ignored in the 
control of the bovine infections. Thus 
Kangwagye (1971) has pointed out that as 
the savannah-dwelling Glossina are re
moved, ca ttle are able to range more wide
ly. They then tend to encounter forest 
edges, where they contact the Fusca-group 
flies. This, of course, is particularly notice
able in countries like Uganda, which ex
tend across the boundaries of rain forest as 
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well as savannah. In certain situations the 
movements of livestock may bring them 
close to the forest edge. At the northern 
end of Lake Malawi the mountainous 
country of the Malawi-Tanzania border 
carries forest and thicket infested with G. 
brevipalpis. Seasonal movement of cattle 
between kraals and also the habit of taking 
the animals into the forest periodically to 
drink at saline springs resulted in heavy 
infection. Control work begun in 1948 
(preinsecticide) relied upon cutting out 
lower storey shrubs and lianas. This left 
the larger trees untouched (Mitchell and 
Steele 1956; Lloyd 1959). Near the border 
of the Central African Republic and Came
roon, ca ttle made contact with G. fu sca 
while passing a tongue of high forest dur
ing transhumance journeys. Dry-season 
resting-site studies inside the forest 
showed that G. fusca rested on trees and 
lianas up to 40 cm in circumference. None 
were ever found on trunks greater than 90 
cm in girth , while 96% of the flies were 
found between 60 and 200 cm above the 
ground. Application of 2% dieldrin emul
sion from knapsack sprayers successfully 
dealt with this situation (Finelle et al. 
1962). The indication of this work, that 
selective control of fusca-group tse tses 
may not be very difficult, is supported by 
the observations of Kangwagye (1971). He 
showed that after feeding, most Ugandan 
G. fuscipleuris rest head-downwards on 
shrub and sapling stems of 2.5-4 cm diam
eter, at heights of only 15-20 cm above the 
ground. A few others rest up to 60 cm 
above ground, only one having been 
ca ught as high as 2.7 m. The low-level 
perching places correspond to the low
level biting sites on a bait ox (also in west
ern Uganda) , where many of the feeding 
flies were taken in the hollows behind the 
pastern joints (Ford, unpublished) . In cen
tral Nigeria, Nash and Davey (1950) found 
G. medicorum rather more widely dis
persed up and down saplings mostly about 
2.5 cm in diameter. These examples sug
gest that many, if not all, species of the 
fu sca group might be susceptible to selec
tive treatment either by clearing or by in
secticides. 

One of us (Ford) has often said that 
complete eli mination of tsetse flies from 
Africa would be possible with techniques 
now in common use, provided it was 
worth the cost. This possibility, even when 
partial bush clearing is the only alternative 
to wildlife slaughter, was already being 
propounded over 30 years ago for much of 
the area infested with morsitans-group 
flies (Bax 1944). When, soon afterwards, 
DDT came on the market, an eminent 
chemist is reputed to have said of the 
tsetse problem 'Give me a fleet of bombers 
and I will finish the job!' However, when 
du Toit was provided with this opportu
nity using aircraft of the South African Air 
Force (then being phased down after 
World War II) to spray DDT over the G. 
pa//idipes-infested wildlife reserves of Zu
luland, and was successful (du Toit 1947; 
du Toit et al. 1954), the achievement was 
not received enthusiastically by workers 
further north . It is pertinent to the subject 
of this book to enquire why this should 
have been so. 

Only one objection to the extension of 
the South African technique to the main 
Glossina area further north was really rele
vant. It depended upon the fact that the 
Zululand G. pallidipes were isolated from 
the flybelt in Mozambique. The chances of 
reinfestation were thus very remote. The 
spraying and supplementary operations, in 
which there was a large experimental ele
ment, cost about £2 million. They were 
confined largely to three areas together to
talling less than 51 720 ha. This resulted in 
the freeing from infection of cattle living 
in a surrounding area of some 18 000 km2• 

Workers north of the Limpopo had to con
trol trypanosomiasis derived from flybelts 
measured, not in hundreds, but in tens or 
even hundreds of thousands of square kil
ometres. Even with costs reduced to a few 
pence per hectare, the financial problem of 
dealing with, for example, the western 
flybelt of Tanzania (approximately 
260 000 km2) would be enormous. In any 
case, unless the area could be divided up 
(as suggested for bush clearing by Bax 
1944) into blocks separated by barriers, 
reinfestation might occur more rapidly 
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from the untreated areas than the latter 
could be sprayed. One has also to remem
ber that whereas the South African work 
benefited farmers who were making a val
uable contribution to the national econo
my, this could hardly be said of most of 
the G. morsitans infested area further 
north. The well-publicized "groundnut 
scheme" had recently demonstrated, at a 
cost of many millions of pounds, that 
modern technology might be even less 
effective than African peasant agriculture 
in raising food productivity in those wood
lands (see also Ford 1969, 1971, on the eco
nomic potential of the Zambezi valley 
fly belts) . 

Some of the arguments surrounding the 
Zululand scheme are still valid. However, 
not only have techniques of tsetse control 
been improved, but the economic, social, 
and political circumstances in which they 
are applied have changed even more 
markedly. Above all, perhaps, has been 
the realization that trypanosomiasis con
trol (especially in domestic livestock) has 
to be regarded as only one among many 
items in the complex problem of resource 
management. 

On the purely practical level , greater 
emphasis than formerly, is now laid upon 
the integration of trypanosomiasis control 
with the creation of the infrastructure of 
development. A project that may have to 
cover many thousands of square kilome
tres cannot be set in motion unless the 
area is supplied, beforehand, with at least 
the minimum requirements of living. The 
construction of boreholes or storage dams 
for water, roads, housing, landing grounds, 
a supply organization for food, fuel , medi
cines (as well as pesticides), and vehicle re
pair systems, are all essential preliminaries 
that may have to be provided in country 
where previously little that was man-made 
had existed. In the now comparatively dis
tant past, when colonial administrators be
lieved that tsetse control had to preceed 
development, these tasks tended to be per
formed by tsetse control departments. 
Eventually it was realized that such mat
ters were the concern of all involved in ru
ral development. Today, in a well run 

trypanosomiasis control scheme, all who 
will play a part in it are involved from the 
start. 

The control of trypanosomiasis does not 
always bring entirely beneficial results. 
Thus, at one time, it appeared that, given 
good husbandry, it should be possible to 
raise cattle, under drug protection in 
tsetse-infested bush, without preliminary 
resort to vector control. The latter would 
be undertaken by farm staff progressively 
and whenever convenient. Such a program 
was instituted in a commercial ranch in 
Tanzania. Cattle were indeed raised suc
cessfully and good progress was made in 
reducing, by use of insecticides, the popu
lations of the three species of Glossina 
present. However, what had not been fore
seen was that one could not introduce a 
large biomass of domestic herbivores into 
an ecosystem already stocked with wild 
animals, without profoundly altering its 
whole ecology. Grass, in the tsetse-infested 
wooded savannah, is sustained by burn
ing, which prevents the proliferation of 
woody plants. Overconsumption of grass 
reduces the effectiveness of the fire, so that 
tree and shrub seedlings that normally 
would be destroyed, survive. As they 
grow, so the area of pasture diminishes. 
Some bush clearing had, in fact , been writ
ten into the scheme we have mentioned, 
principally to prevent reinfestation by 
tsetse flies once they had been eliminated; 
but it was not enough to equal the speed 
at which trees and shrubs invaded the 
over-burdened grass (Ford and Blaser 
1971). 

At present, a debate is in progress about 
the scale on which development projects, 
including disease control, should be un
dertaken. On the one hand there are the 
advocates of campaigns that would apply 
proven techniques, if not to continents at 
least to whole groups of countries, to elim
inate a disease or provide a service in a sin
gle operation. In the early sixties, aid-giv
ing countries tended to believe that this 
was the right approach - massive injec
tion of capital was held to be what was 
most needed. Against that, many now be
lieve in projects based on intensive "small 
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area research" in which the study of the 
ecological relationships of agents affecting 
population increase and decrease are bal
anced against resource potential in the 
light of the social needs of relatively small 
communities. The Mkwaja ranch de
scribed above might be regarded as a small 
project of commercial enterprise for which 
the preliminary research turned out to be 
inadequate. At all events, as Jordan (1976} 
has stressed, rational plans for land devel
opment should be integrated with future 
tsetse control campaigns to guard against 
the under- or over-exploitation of land 
cleared of Glossina. 

In truth, though, every project creates 
new problems. A large-scale example 
seems to be provided by the terrible fam
ine which, in the last decade, has afflicted 
the populations of both man and his do
mestic animals, right across subSaharan 
Africa from Mali to Somalia. While cer
tainly initiated by a prolonged period of 
unusually low rainfall (Dalby and Church 
1973} its effects have surely been increased 
by three large-scale but uncoordinated de
velopmental aid projects. Throughout the 
whole of this vast area and beyond it, a 
huge international rinderpest vaccination 
scheme (begun in 1963} must have greatly 
reduced natural control over cattle fecund
ity. This effect was amplified by the large 
scale use of trypanocidal drugs . The ensu
ing onslaught on pastures, much reduced 
bv drought, was made much more severe 
in some areas by the provision of bore
holes . These, by giving ample uncontrolled 
water throughout the year, destroyed the 
system of transhumance whereby, for cen
turies, the cattle nomads rested their pas
tures. These operations, intended to ameli
orate the harshness of life in the Sahel, 
had the opposite effect. Instead of saving 
life, they destroyed it. 

How the recently promoted research on 
genetic and, now, biological control of the 
vectors of trypanosomiasis will succeed, 
one cannot foresee. Nevertheless it seems 
that techniques based upon these ideas, if 
properly applied, may have several advan
tages over anything so far devised for an 

attack on tsetse flies . Whatever the met
hod used, however, certain problems 
must be solved - not to mention the 
proper assessment of the long-term conse
quences of its success upon the lives of 
local people. Unless the flybelt is isolated 
(as in Zululand or in several of the Nige
rian G. morsitans belts) barriers against 
reinfestation must be created. Some pro
jects concerned with temporary disease sit
uations may not require artificial mainte
nance. Where an expanding population is 
exposed to infection, it may only be neces
sary to protect them during the period in 
which, by their own cultural activities, 
they transform a wildlife ecosystem to one 
sustained by cultivation and husbandry. 
However, these conditions will not arise 
freq uently in the African tsetse zone. 

Defence barriers may take the form of 
cleared, treeless corridors of sufficient 
width. These must be maintained either 
by cultivation (often not possible) or by re
peated work to suppress regeneration of 
trees and shrubs. Supplementary works 
such as fences (to control animal move
ments) and "deflying chambers" (to 
cleanse road traffic leaving the infested 
area), may also be needed. An alternative 
is the periodic application of residual in
secticides to potential tsetse resting places 
throughout a wide protective zone. To 
workers who have been involved in the 
formidable task of maintaining the 
efficiency of cleared barriers, the notion of 
an insecticide barrier is attractive. Here, 
however, there is a commitment to contin
ual vehicle and machinery maintenance. 
This, as in the case of the insecticides 
themselves, depends ultimately upon a 
supply chain to European and American 
factories . If this chain is interrupted for 
only a few weeks, the whole control sys
tem may collapse. (Where, as in semi-arid 
environments, only the palpalis-group is 
involved, the defence problem is restricted 
to narrow lines of riverine vegetation. It 
therefore presents a less formidable prob
lem than the continuous morsitans bush .) 

For the people of Africa, a disadvantage 
of insecticidal techniques is dependence 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



LAIRD: TSETSE 33 

upon the industrially developed countries 
for machinery and materials. A possible 
great advantage of biocontrol methods is 
that they must - if ultimately they are to 
succeed - become increasingly African
run and so independent of external 
sources of supply (see IDRC 1974). A bio
logical control program, dependent upon 
the release of predators, parasites, and 
pathogens or an autocidal one calling for 

the release of sterilized males, offers other 
advantages. The possibility is presented of 
abandoning expensive and unproductive 
defence lines and substituting for them 
moving fronts sustained by the artificial 
build-up of biocontrol agents of African 
origin in locally run laboratories, and of 
having agents distributed, and their effec
tiveness measured, by indigenous staff. -
J. Ford and 5.N. Okiwelu. 
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Status and Future of 
Control 

In spite of some recent advances in the 
field of its epidemiology and control , hu
man and animal Glossina-borne African 
trypanosomiasis continues to present a 
formidable challenge to health and econ
omy in many countries of tropical Africa 
by crippling animal husbandry and caus
ing sleeping sickness. This fatal disease in 
man is periodically reported from many 
widely scattered areas, and has recently 
appeared in an epidemic form in several 
countries of the continent. It is estimated 
that the threat of trypanosomiasis persists 
today over at least IO million km2 of tropi
cal Africa, including 7 million km2 that 
would be suitable for the grazing of live
stock, should the disease be fully con
trolled (FAO 1974). 

Of the six main Glossina-borne Try
panosoma species of socioeconomic 
importance occurring in Africa , four affect 
livetock and have wild animal reservoirs 
(T. brucei, T. congolense, T. simiae, and 
T. vivax), one is a zoonosis with acute clin
ical forms in man and discrete infections 
in cattle and game (T. rhodesiense), and 
the last is mostly, if not entirely, restricted 
to man (T. gambiense) (Maclennan 1975). 
Drugs are available for individual and 
mass treatments and can be used to pre-

vent infection. However, they have un
pleasant, and sometimes dramatic side 
effects. Furthermore, there is increasing 
evidence of the development of stra ins of 
the parasites resistant to many of the com
pounds currently available, while no new 
drug has been developed in recent years 
by the chemical industry (Finelle 1975; 
Maclennan 1975). The development of 
immunization methods is under serious 
consideration but will probably require 
many years before reaching an operational 
stage. To totally eliminate the feral reser
voirs, while simultaneously treating all the 
livestock with chemotherapeutics, consti
tutes neither a feasible nor even an accept
able proposal. At present, Glossina control 
thus constitutes the most promising ap
proach to the enduring elimination of the 
disease. Ideally, and on a long-term basis, 
vector eradication would represent a 
cheaper and much more realistic solution 
than control campaigns, which must be 
carried out year after year without any 
time constraints and despite the high re
current costs (Maclennan and Na'isa 
1973). 

Partly as a consequence of the cata
strophic drought that recently affected the 
African continent (Temple and Thomas 
1973), and partly because of the long-felt 
need to rapidly increase agricultural pro
duction, the FAO (during the World Food 
Conference organized in Rome in Novem
ber 1974) suggested implementing a long
term program which, over a period of 40 
years, would eradicate tsetse flies and 
bring trypanosomiasis under control over 
7 million km 2 of potentially suitable graz
ing land (FAO 1974). The Conference en
dorsed this proposal. Such a program, 
after an extensive preparatory phase 
devoted to applied research, training, geo
graphical reconnaissance, and socioeco
nomic studies, would involve the 
eradication of tsetse flies from about 
200 000 km2 / year at an anticipated average 
annual cost of US$56 million, with the un
derstanding that abou t 10% of the area 
might require treatments during several 
successive years to cope with both rein-
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vasion by tsetse flies, and foreseeable op
erational weaknesses. Funding and 
implementation of the preparatory period 
is underway. The operational phase, which 
should begin around 1980, could in many 
ways follow the example of the policy ear
lier adopted in South Africa (du Toit et al. 
1954) and in Nigeria more recently (Mac
lennan 1968; Maclennan and Na' isa 
1973); but with the addition of all later 
technical, methodological, and operational 
improvements required by an endeavour 
of such magnitude. 

Glossina Control Today 

Since Glossina was first suspected of 
transmitting trypanosomiasis, many ap
proaches were followed either to control 
tsetse or to prevent them from transmit
ting the disease. However, of these, the 
mass-release of parasites never gave good 
results, trapping had a very limited appli
cability except in a few special instances, 
bush-clearing and game extermination 
(quite apart from the fact that they are en
vironmentally objectionable) usually had 
an unfavourable cost-effectiveness ratio, 
whereas genetic control methods were not 
found prom1smg on a large scale. 
Therefore, for many years, insecticides 
constituted the only alterna tive. Their ap
plication, based on a sound knowledge of 
the target tsetse species' resting places and 
feeding habits, and on the use of suitable 
equipment, has become cheaper with time 
(Finelle 1974; Maclennan 1968). 

Dieldrin and DDT, and in some in
stances HCH, were the only insecticides 
used on a large scale and for extended 
periods, the first two mostly as residual 
sprays, the last mainly for fogging. Al
though the first large-scale tsetse eradica
tion campaign had been carried out in 
South Africa with aircraft and many stud
ies had been made of the aerial application 
of insecticides for Glossina control, almost 
all the important control campaigns in the 
past were carried out with residual insecti-

cides applied from the ground - either 
with hand operated sprayers or with vehi
cle-carried sprayers and mistblowers. If 
the residual effect lasts longer than the 
Glossina puparial period, one application 
can: (1) theoretically eradicate the vector 
from the treated area; and (2) usually 
achieve tsetse eradication. Full particulars 
on the methodologies used can be found 
in many recent reviews on the subject (At
kinson 1971; Baldry 1963, 1964b; Burnett 
1970; Davies 1971; Ford 1971; Jordan 
1974b; leRoux 1974; lycklama and Nije
holt 1968a, b; Riordan 1966; Toure et al. 
1975). 

On a long-term basis, however, the situ
ation is not so simple. Because of the logis
tic difficulties involved, the ground appli
cation of insecticides to the vegetation of 
sparsely populated, and / or uninhabited 
areas is a time-consuming operation re
quiring much manpower and very thor
ough supervision (leRoux 1974). As tsetse 
flies can fly relatively fast and far, move 
with game and cattle, and be dispersed 
over long distances by vehicles, reinvasion 
of the treated areas constitutes a perma
nent threat (Davies 1975). The costs of 
maintaining an effective barrier zone are 
often very high. In one of the best organ
ized tsetse eradication programs, the elimi
nation of the fly is being carried out at the 
rate of about 12 500 km2 / year, in the dry 
or moderately humid savannah zone of 
West Africa. This, in addition to the over
all geographical reconnaissance, planning 
supervision, and evaluation activities, re
quires a small army of about 2000 people 
and 60 vehicles (Na'isa 1974). As well , 
about 10% of the area requires a second 
treatment for various reasons. Some parts 
must be treated even three or more times 
before eradication is achieved. In more hu
mid zones difficulties are greater because: 
(1) the vegetation cover is denser and rep
resents a greater proportion of the total 
area (Davies 1975); and (2) there are usu
ally two wet seasons a year - with the re
sult that only a brief period at the begin
ning of the longer dry season is fully 
convenient for the application of residual 
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The filling of back-pack sprayers for selective residual applications of DDT, Kalamaloue Reserve, 
Chari River Va lley, Chad, (1May1973, M. Laird). 

treatments. Therefore, late applications 
could result in the insecticide deposits 
being washed away by the rains before the 
last tsetse emerge from their underground 
puparia . Furthermore, the growth of the 
vegetation is faster than in the drier zones, 
and a large proportion of untreated resting 
places is rapidly provided within a few 
weeks of the application. 

The need to cover large areas during the 
most appropriate period of the year re
awakened interest in the aerial application 
of insecticides. Two different lines of ap
proach were considered: (1) several se-

quential applications of nonpersistent 
insecticide deposits; and (2) a single 
application of a residual deposit. 

Risks resulting from environmental con
tamination have always been kept in mind 
when planning and implementing large
scale pesticide applica tions for tsetse fly 
control (Graham 1964; Koeman and Had
den 1968; Langridge and Mugutu 1968}; 
whereas obvious economic considerations 
have led to the use of the lowest effective 
dosages. However, the relative importance 
of environmental considerations has stead
ily increased to the point where they could 
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prevent the production of the residual in
secticides presently employed for Glossina 
control (Djerassi et al. 1974; Jukes 1974), or 
interfere with the funding of large-scale 
and long-term programs based on their 
use. This has induced both a more thor
ough assessment of the impact of the 
tsetse control treatments on nontarget or
ganisms (Koeman et al. 1971, 1974), and an 
acceleration of the search for economically 
and environmentally acceptable alterna
tive insecticides and nonchemical control 
methods. The most promising alternative 
to date is based on the mass release of ste
rile males (Itard 1975a), whereas the use of 
parasites, pathogens, and predators is also 
under study (Gruvel 1974b). 

The Search for and Evaluation of 
Insecticides 

The first systematic investigations car
ried out for screening new insecticides that 
could be used for Glossina control began 
about 15 years ago. These investigations 
were oriented toward the development of 
compounds and formulations that could 
be applied from aircraft (Burnett 1961, 
1963). Some of the more promising com
pounds were subsequently used, either for 
experimental purposes (Burnett 1962; Bur
nett and Thompson 1956; Burnett et al. 
1961, 1964; Foster et al. 1961; Hocking and 
Yeo 1953; Hocking et al. 1953a, b, 1954a, b, 
c, 1966; Irving and Beesley 1969; Irving et 
al. 1968; Lee 1969; Tarimo 1971a; Tarimo 
et al. 1970, 1971a, b, 1972; Thompson 
1953) or for tsetse control operations. One 
of them, endosulfan, is now widely used in 
East Africa (Anonymous 1973; Kendrick 
and Alsop 1974; Park et al. 1972; Robert
son 1971). 

After several years of interruption, these 
investigations were resumed as part of the 
global WHO Programme for Evaluating 
and Testing New Insecticides (WHO 1971, 
1974). Both the residual contact activity 
and intrinsic toxicity of the candidate 
chemicals were used as a basis for the se-

lection of new insecticides for tsetse con
trol that were to be tried as residual depos
its as well as ultra-low-volume (UL V) 
applications (Hadaway 1972; Hadaway and 
Turner 1975; Riordan 1971). Some of the 
most promising compounds have been ex
perimentally used under operational con
ditions, but from a cost-effectiveness view
point, the results obtained to date have not 
been very encouraging (Challier and Lo
rand 1972; Challier et al. 1974; Spielberger 
and Na'isa 1975; Tarimo et al. 1973). 

Investigations are also under way to as
sess the potential of the new chemicals to 
accumulate through food chains and to 
persist in the environment. Some system
atic studies have been undertaken to de
termine the impact of dieldrin upon non
target organisms, when it is applied to 
riverine vegetation as a residual deposit 
against tse tse, either from the ground or 
from the air (Koeman et al. 1971, 1974; 
Toure et al. 1975). 

The Aerial Application of 
Insecticides for Glossina 

Control 

Low- and Ultra-Low-Volume Applications 

The aerial application of insecticides at 
low- and ultra-low-volume, and therefore 
dosage, for Glossina control does not pro
duce persistent deposits on the vegetation 
of the treated area (Lofgren 1970). The 
purpose of this trea tment is therefore re
stricted to the complete or almost com
plete destruction of the population of 
adult fli es existing within the zone under 
attack at the time of treatment. To ensure 
lasting results, seq uential applications 
must be carried out so that the young fe
male fli es that have emerged from puparia 
since the previous trea tment are killed be
fore depositing their first larva. Population 
dynamics and simulation studies have in
dicated that it could be less expensive to 
aim, not for the complete elimination of 
tsetse flies on the wing during any given 
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A sm all Cessna aircra ft fi tted with a wind driven rotary atomizer for producing an insecticide aero
sol. Large areas are trea ted with small quantities of insecticide to control sa vannah species of tsetse 
(WHO photo, ].D. Parker). 

treatment, but rather, for an increase in 
the number of treatments; on the assump
tion that below a certain density, isolated 
flies do not find mates and die without 
producing progeny. Unfortunately, tsetse 
have an incredible ability to survive and to 
reproduce at extremely low densities, as 
observed during many eradication pro
grams. It is thus safer to use an effective 
dosage, and to carry out a number of ap
plications allowing for a reasonable mar
gin of safety. In the highlands of East Afri
ca, the most commonly used schedule 
involves five applications 3 weeks apart. 

To be fully effective, UL V applications 
must be made in such a way that almost 
all the droplets have an insecticide content 
sufficient to kill a single tsetse , while lack
ing an excess of toxicant. This implies that 
a narrow droplet-size spectrum should be 
used . 

It is also very important that the number 

of droplets per unit of surface area or vol
ume ensures a fair chance that each tsetse 
is hit by at least one droplet. This means 
that the droplets should be both numer
ous, and small enough to float in the air 
for long enough to drift over an area much 
larger than the aircraft wingspan before 
settling on the ground or on vegetation or 
being lost (through evaporation, by ~rift
ing away from the target area, etc.). These 
conditions can only be met by a few insec
ticid es that: (1) have a high intrinsic toxic
ity for tsetse; (2) are liquid in their techni
cal form at room temperature; and (3) can 
be form ula ted as liquids without excessive 
dilution . Experience has established that 
the most appropriate droplet size is about 
20-30 µm (VMD). In view of the above, 
this demands compounds having a me
dium lethal dose for a tsetse fly of about 
1-12 ng / fly. Among the insecticides ful
filling these conditions are some synthetic 
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Insecticide applications being made to tsetse habitat in Chad with a light helicopter. A thermal 
Fogging technique is being used to make an aerosol application (WHO photo). 

pyrethroids, fenthion , and some newer or
ganophosphorus compounds, e.g. dieldrin 
and endosulfan (Hadaway and Turner 
1975). Endosulfan is extensively used for 
the purpose because it is relatively cheap 
and does not persist in the environment. 
However, it is acutely toxic to fish. 

The fate of small droplets applied from 
a low-flying aircraft depends to a large ex
tent upon air currents, as significant up
ward air movement will disperse them 
through the atmosphere. Therefore, in 
practice, only a few hours per day (usually 
in the early morning and late evening) are 
convenient for such applications. Night 

operations are carried out (Kendrick and 
Alsop 1974; Lee et al. 1975), but they raise 
other serious operational problems. It 
could be more difficult to hit resting flies at 
nigh t than active flies that are very often 
on the wing. 

Nonresidual aerial applications are 
made using either a thermal fogging de
vice (Hocking and Yeo l.953; Park et al. 
1972), in which an insecticide formulation 
is injected into the exhaust pipe of the air
craft, or with some form of rotary atomizer 
(Irving and Beesley 1969; Irving et al. 1968; 
Kendrick and Alsop 1974). 

Using endosulfan, the first large-scale 
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ULV applications were carried out with a 
very large safety factor. Dosages of about 
30 g/ ha for each application were em
ployed. With improvements in equipment 
design (Lee et al. 1969) and insecticide for
mulation, Glossina control campaigns have 
recently been carried out with dosages as 
low as 6 g/ ha (Kendrick and Alsop 1974; 
Lee et al. 1975). The use of pyrethrum (Irv
ing et al. 1968; Tarimo et al. 1970, 1971a, b, 
1972) has given inconsistent results. More 
recently, a synthetic pyrethroid was used 
on an experimental basis (Lee et al. 1975), 
but the dosage was too low (0.6-1.2 g/ ha) 
and the results were inconclusive. 

Aerial UL V applications of insecticides 
have been rather successful in the wooded 
savannah areas of East Africa (Anonymous 
1973; Kendrick and Alsop 1974; Park et al. 
1972; Robertson 1971), and could probably 
be adjusted for increased flexibility and 
effectiveness (Bals 1973; Barlow and Hada
way 1974; Maas 1971; Niessen 1974; Tar
imo 1971b). It would be desirable to assess 
the value and limitations of the method in 
the savannah zones of West Africa, espe
cially in areas where the wooded savannah 
is intermingled with gallery forests that 
constitute the main resting sites of the 
tsetse flies during most of the dry season. 
It was recently shown that only a small 
proportion of the insecticide applied over 
such a gallery forest reaches ground level 
where the tsetse are both active and at rest 
during daylight hours (Johnstone et al. 
1974). 

High Volume Applications 

The aerial application of insecticide at 
high volume, and usually high dosage, en
ables a long-lasting residue to be deposited 
upon the vegetation. Under ideal condi
tions, a single application is sufficient to 
eliminate tse tse from the treated area. The 
purpose of the treatment is thus the same 
as that of residual applications made from 
the ground. The inherent advantages of 
aerial applica tion are that: (1) it does not 
require an elaborate infrastructure and a 
large number of staff and vehicles; and (2) 

large areas can be treated in a relatively 
short period of time. One obvious disad
vantage is that most of the insecticide drop
lets settle on the upper leaves and 
branches (sites not considered as favoured 
resting places for the fly). 

This technique was used experimentally 
- with a great degree of success - against 
G. pallidipes inhabiting dense thickets in 
the Lambwe Valley, Kenya; dieldrin being 
applied as an invert emulsion requiring 
special application equipment. After the 
initial demonstration of the feasibility of 
such an approach, the trials were aban
doned (Allsop and Baldry 1972; Baldry 
1971; LeRoux and Platt 1968). Some inves
tigations were also undertaken in East Af
rica using aircraft applications of defoli
ants at a high dosage as a preparation for 
the subsequent application of insecticides 
(Tarimo et al. 1974). 

In West Africa , helicopter application of 
insecticides a t high volume has been used, 
both routinely and for experimental pur
poses (Bauer 1971), against both riverine 
tsetse flies and G. m. submorsitans (which 
at the height of the dry season behaves al
most like a riverine species). Outstanding 
successes were achieved in Niger and Ni
geria with dieldrin (1000-2000 g/ ha), en
dosulfan (1500 g/ ha) and a mixture of 
DDT, HCH, and dieldrin (respectively 
1150, 450, and 450 g/ ha) (Spielberger 1971; 
Spielberger and Abdurrahim 1971, 1975; 
Spielberger and Na'isa 1975; Spielberger 
and von Sivers 1970; Spielberger et al. 
1971). Less satisfactory results were ob
tained with other insecticides that had 
been tentatively selected in view of their 
greater environmental safety. In the case 
of the investigations carried out in Mali, 
this lack of success might have been due to 
operational and equipment problems 
(Challier et al. 1974; Spielberger and Na'isa 
1975). 

At high volume, and especially when 
the target is not an open or flat wooded sa
vannah but a gallery forest and its imme
diate surroundings, the occurrence of ex
tensive insecticide drift constitutes an 
obvious disadvantage. This is avoided by 
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Piper Pawnee spraying dieldrin , Otuokl Riamkanga Area, Lambwe Valley, Kenya (D. Baldry). 

using larger droplets of about 65-150 µm 
(VMD). As already indicated, droplets of 
that size settle mainly in the upper canopy 
and only 1-1.5% of the insecticide reaches 
ground level within the gallery forest 
(Johnstone et al. 1974). Nevertheless, field 
trials have shown that this can be 
sufficient to kill tsetse, perhaps because, at 
certain periods of the day, Glossina rest on 
the ground vegetation, close to, but out
side of, the gallery forest. It is also strongly 
suspected that at night the gallery forest 
canopy constitutes an important tsetse 
resting site (Maclennan and Na' isa 1973). 
These aspects of the riverine and riverine
like Glossina have so far been inade
quately investigated (Glover 1967). Further 
studies might allow a more judicious use 
of insecticide. Investigations are in prog
ress on the insecticide formulations used 
for such purposes. Their results may lead 
to a reduction in the dosage of active in-

gredient by the formation of insecticide 
deposits combining longer persistence 
with better availability to the tsetse (Bar
low and Hadaway 1974; Niessen 1974). 

The immediate impact of these high
volume dieldrin applications on nontarget 
organisms in the gallery forests can be dra
matic (Koeman et al. 1974), but the long
term effects have not yet been assessed . As 
long as the actual treatments involve a 
small fraction of a small area (for example, 
the gallery forest and its immediate sur
roundings) , there is a likelihood of repopu
la tion of the treated zone by birds, mam
mals, and insects from the immediate 
vicinity of the treated zone (Langridge and 
Mugutu 1968). The situation could be less 
favourable if the treatments covered tens 
of thousands of square kilometres over a 
short period of time. It must be further 
noted that during the dry season, such gal
lery forests usually shelter most of the 
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wildlife and other nontarget organisms of 
the savannah zones of West Africa. The 
elimination of the species resting there 
during that period could be as complete 
and durable as that of tsetse flies. Such a 
risk must, therefore , be most thoughtfully 
assessed before the authorization of high
volume applications from aircraft over 
very large areas (FAO 1974). 

Insecticide Applications and 
Integrated Control Approaches 

Although the use of pheromones and 
other attractants associated with traps can
not be discounted, it seems most probable 
that in the near future integrated Glossina 
control methods will often be based on the 
com bi nation of insecticide applications 
and the release of sterile male flies (Itard 
1975a). In the more distant future, para
sites, predators, and pathogens might also 
be used to complement the action of insec
ticides (Gruvel 1975a). 

Residual applications of insecticides, 
whether from the ground or from the air, 
would interfere for a lengthy period with 
the inundative release of sterile males, pre
dators, and parasitoids, but not with the 
use of pathogens. The interval between 
the last insecticide application and the be
ginning of the sterile-male fly (or preda
tors , or parasites) release , should therefore 
be adjusted to the effective residual life of 
the insecticide deposit, as well as to the 
population dynamics of the tsetse species 
under attack. Under the most favourable 
conditions the releases could probably be 
safely made the year following the applica
tion of residual deposits. Under less fa
vourable conditions, it would be unsafe to 
wait more than a few months (Anonymous 
1972). 

Sequential ULV applica tions of insecti
cides, made from the air or even from the 
ground (Challier et al. 1964; Kernaghan 
1954; Tarimo 1974), have little residual 
effect and therefore constitute the best ap-

proach when preparing for the subsequent 
use of any biological or genetic control 
method. 

It might appear simpler to carry out ad
ditional UL V applica tions or another 
round of residual spraying - or to in
crease the dosage of the insecticide used -
than to follow up the insecticide treat
ments by using nonchemical control 
methods. However, it is always the last 
couple of tsetse flies that are the most 
costly to kill , while the application of 
chemicals always interferes to some extent 
with the equilibrium of the treated ecosys
tems. From a purely theoretical cost-effec
tiveness viewpoint, integrated control 
measures may therefore be as efficient as, 
and cheaper than, chemical control me
thods used alone (WHO 1975). One of the 
potential advantages of integrated control 
measures is that sterile males, parasites, 
predators, and pathogens may reach small 
residual Glossina populations surviving in
secticide applications because they were 
living in unsuspected microniches that 
were not treated. These individuals, just 
because they are atypical, cannot be easily 
eliminated by increasing the insecticide 
dosage and / or number of applications 
(Toure et al. 1975). These hypotheses have 
yet to be tested through actual operations. 

In a number of instances, Glossina erad
ication, even if constituting the long-term 
objective, may not be economically feasi
ble or justified by socioeconomic studies; 
whereas, a considerable reduction of tsetse 
fly abundance is required to curb sleeping 
sickness epidemics, to settle people, or to 
establish trypanosomiasis-tolerant cattle 
(Ford 1969). Under such conditions the se
quential use of insecticides and nonchemi
cal agen ts might constitute a suitable long
term solution. For these purposes the re
lease of other biological agents would be 
preferable to the release of sterile males, 
because the vectorial capacity of male 
tsetse is not impaired by sterilization, un
less their lifespan is considerably short
ened. - J. Hamon, D.A.T. Baldry, J.D. Par
ker, A. Challier, and A.R. Stiles. 
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Predators 

During the course of their field work, 
many specialists on tsetse flies have ob
served the predatory action of various ver
tebrates and invertebrates on Glossina. 
Observations of these predators are nei
ther very numerous, nor adequately spec
ific. Furthermore, the records are scattered 
and frequently anecdotal. Totally ab
sorbed by the study of tsetse flies , research 
workers have tended to neglect or give lit
tle attention to the fauna associated with 
the flies (except as regards the vertebrates 
on which they are likely to feed) . 

At present, the fight against disease-car
rying insects, which attack humans or ani
mals, is being directed more and more to
ward the use of natural enemies of the 
target vector. Thus, biological control has 
become of great interest to scientists. Its 
application, however, requires extensive 
preliminary work based on sound knowl
edge of the various elements to be utilized. 
Concerning the role that may be played by 
predators in the fight against Glossina, it is 
regrettable to have to concede that those 
really meriting attention are rare, and that 
studies concerning them are still very in
complete. 

It is therefore pertinent to assess our 
knowledge of the subject by: (1) reviewing 

the cases of predation mentioned by vari
ous authors; and (2) examining the rela
tionships of the predators with each of the 
development stages of tsetse flies in rela
tion to their ecology. Some fundamental 
principles might be drawn from these 
data , which could lead to the application 
of predation, in parallel with various para
sites and / or pathogens, in vector control 
programs. 

A predator may be defined as a free 
ranging organism that searches for, and 
kills , live prey as food. However, one is 
tempted to enlarge this definition in the 
light of problems associated with the bio
logical control of Glossina, and to consider 
as a predator any living organism capable 
of removing from the environment a cer
tain number of individuals without neces
sarily eating them. The significance of this 
enlargement of the definition will become 
obvious later. 

The Predators of Tsetse 

During more than a century of observa
tions, numerous instances of predation 
upon tsetse flies have been reported (Bux
ton 1955; Gruvel 1974b, 1975a). The preda
tors belong to widely different groups. 

Vertebrates 

Mammals 

It has often been asserted that monkeys 
and baboons (Papio spp.) are so quick in 
their reactions that not only are Glossina 
unable to feed on them but also, the latter 
can catch tsetse! 

Bats moving in the semi-darkness of gal
lery forests have yet to be confirmed as 
predators of Glossina. However, there is 
no eviden

1
ce that tsetse flies are not, at one 

time or another, part of their diet (Gruvel 
1974a). 

Swynnerton (1936) stated that the mon
goose may destroy an important quantity 
of G. morsitans puparia in Tanzania. He 
also observed traces of scraping in larvipo
sition sites of G. austeni accompanied by 
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footprints and excreta of the East African 
elephant shrew (Petrodrimys tetradact
ylus) , which he suspected of eating pupa
ria and other shallowly buried insects. 

Lloyd (1914) recorded observations sug
gesting that adult G. morsitans provoke 
real excitement in shrews, small rodents, 
and mongoose when introduced into the 
cages of these animals. 

Birds 

Guinea fowl and francolins are often 
found in the same biotopes as Glossina. 
While scra tching, they investigate almost 
the entire ground surface of the area, and 
could not fail to uncover and swallow a 
significant number of puparia. Neverthe
less, the remains of such meals are rather 
rare in the crops of these birds. Simpson 
(1918) found no trace of Glossina in an ex
amination of the contents of 379 stomachs. 

On the other hand, Swynnerton (1936) 
reported having observed three species of 
birds (Dicrurus sp. and Bradornis spp.) 
feeding on tsetse flie s. He also observed 
other birds feeding on glossinids that 
were resting on the small branches or the 
bark of trees . 

A few authors (see Swynnerton 1936) 
have mentioned the presence of tsetse 
fragments in bird crops, particularly of 
granivores that scratch the ground, and in
sectivores. 

Reptiles 

Little is known of the influence of rep
tiles on tsetse flies. In his dissections of liz
ards , Simpson (1918) was unable to 
identify remains of these insects. However, 
predation by lizards in a large experimen
tal cage placed in a G. tachinoides site was 
the only plausible explanation for the dis
appearance of a large number of flies in
troduced into the cage, which was free of 
any construction defect that could have al
lowed the insects to escape (Gruvel 1970a). 

Invertebrates 

Invertebrates (specifically, various in
sects and spiders) have a more obvious 
role as predators of Glossina than do ver
tebrates. 

Insects 

Odonata, Coleoptera, and Orthoptera 
play a role, but to a less uniform degree 
than Hymenoptera or asilid Oiptera. 

Odonata 

Dragonflies attack tsetse flies, or at least 
appear to do so. Carpenter (1913) iden
tified an abundant dragonfly Cacergates 
sp. as an enemy of G. palpalis. Lamborn 
(1915b) frequently observed Orthetrum 
chrysostigma catching G. morsitans on 
men's backs. Campion (1921) recorded 
both 0. chrysostigma and 0. brachiale as 
preying upon G. morsitans. 

Coleoptera 

After studying G. palpalis in Uganda, 
Fiske (1920) concluded that certain adult 
and larval Coleoptera of the families Cara
bidae and Elateridae may destroy large 
quantities of puparia. Their effect ap
peared to him particularly important at 
unusual larviposition sites. Of a total of 
9000 puparia, he estima ted the mean loss 
at 7%, with variations of 0-31% depending 
on the locality. In Tanzania, Nash (1933a, 
b) observed Melyris pallidiventris larvae 
(Coleoptera, Melyridae) devouring tsetse 
puparia . Much earlier, there had been ref
erence to tiger-beetles (Cicindelidae) prey
ing upon tsetse - the first of them due to 
David Livingstone in the 1850s (Laird 
1975a). 

Orthoptera 

Challier (1971a, b), while studying G. 
p . gambiensis, noted the presence of large 
crickets on the larviposition sites and con
sidered them to be occasional predators of 
puparia. 
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Hymenoptera 

Several investigators have reported hy
menopteran predation on tsetse flies. 
Simpson (1918) described Bombex as the 
most voracious enemy of G. morsitans. 
This was confirmed by Nash (1933a, b) 
and by Fiske (1920) for G. palpalis. On the 
other hand, in what is now Zaire, Bouvier 
(1936) frequently noted the presence of G. 
palpalis in nests of Sphex, Synagris, and 
Bombex. 

Ants are often mentioned as enemies of 
tsetse larvae or puparia. For example, 
members of the genera Euponera (E. 
senaarensis) and Paltothyreus (P. tar
satus) have been observed carrying 
away G. morsitans and G. palpalis larvae 
(Carpenter 1912). In contrast, Lamborn 
(1916) and Simpson (1918) both stated that 
newly deposited larvae were not attacked 
by ants. They attributed this . to the pres
ence of a glossinid secretion that repels 
these predators. In Tanzania, Ford (1940) 
studied in detail the predation of ants 
upon G. swynnertoni puparia. He ob
served members of the genus Pheidole 
carrying puparia into their nests, and con
sidered these ants to be very efficient pre
dators. One of the first to attempt a 
quantitative estimation of the inroads of 
these predators into tsetse populations, he 
compared the decrease in numbers of pu
paria of G. swynnertoni artificially distrib
uted , according to a definite plan, in: (1) a 
normal forest habitat; and (2) a savannah 
habitat, which had not, for a long time, suf
fered bush fires. Ford's (1940) estimated 
predation rates on puparia were 11-18% in 
the first case, and 25-44% in the second. 
These experiments, repeated by Whiteside 
and Kemp (cited by Potts 1950) showed 
that the intensity of predation is related to 
the coexistence of two distinct types of 
vegetation at the same time of year, and 
that it occurs when the choice of prey be
comes smaller for the ants. 

In Uganda, Rogers (personal communi
cation) studied predation on laboratory
reared puparia that had been transferred 
to a natural site and placed at varying dis
tances from one another. He concluded 

that the predation was due to members of 
the genus Pheidole. The results were ana
lyzed statistically, to determine the degree 
to which the ants' discovery of puparia 
was random. At high puparial density, 
once the predators had encountered the 
first puparium, they proceeded to locate all 
others in the vicinity. On the other hand, 
when the spacing between puparia in
creased, discovery became random. 
Rogers' studies are an example of both the 
use of, and the importance of, mathemati
cal methods in interpreting the action of 
predators (and for that matter, of parasi
toids). 

Diptera 

Like ants, asilid Oiptera are well-known 
predators of adult tsetse, as well as other 
insects active in the same biotopes. 

Generally, asilids hunt in a wide variety 
of habitats and are actively oriented to
ward insects passing within their reach. 
They lie in ambush at various heights, 
characteristically at the tips of small iso
lated branches from where they keep 
watch over their surroundings. They are, 
at this time, totally immobile. Outwardly 
indifferent to what is happening around 
them, they are nevertheless poised to at
tack any insect crossing their field of vi
sion. They quickly attack and then, after a 
brief flight, return to the ambush site ei
ther to resume their watch or devour the 
prey they have captured. These sorties are 
repeated many times during the day. 

The asilids most likely to capture tsetse 
flies of the forest galleries are those that 
hunt both in the galleries themselves and 
in their immediate vicinity. Their 
ambuscades depend on the species, with 
the location and height from the ground 
varying with the chosen plants. These 
range from tall grasses outside the galleries 
to small open branches inside. In studies 
in the forest galleries of the lower Chari 
River, tsetse flies ( G. tachinoides) were not 
observed to be captured by asilids living in 
the same habitat although, at certain peri
ods of the year, the former were the only 
flying insects. These asilids were most of-
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Hersiliid spider with captured tsetse adult, on tree bark, Chad(]. Gruvel). 

ten observed to prey on Hemiptera, small 
Orthoptera, or Coleoptera (Gruvel 1974a, 
b). However, under identical ecological 
conditions in Nigeria, a few observations 
were made of examples of the capture of 
Glossina. Southon (1959), in a study con
ducted in eastern Africa, suggested that G. 
swynnertoni might constitute 15% of the 
prey of 330 asilids caught while they were 
feeding. The rapidity with which tsetse can 
be captured and eaten may partly explain 
the scarcity of relevant observations. 

Spiders 

Spiders are highly ranked predators of 
adult Glossina. There are numerous re
ports of frequent captures by some species 
that are particularly well equipped to seize 
tsetse flies. Indeed, the detailed study of 
the predatory action of one of these spec
ies led to the first real estimation of the 
effect of predation on the decline of tsetse 
populations. 

Spiders of the genus Nephilia are com
mon in central and eastern Africa where 
they weave their immense webs between 
trees. These webs are strong enough to 
snare , not only insects, but also small birds 
(observations by Fiske (1920) in the region 
of Lake Victoria). Moreover, secondary 
webs woven by other spiders and attached 
to the larger one, form a complex network 
that acts as a filter, which tsetse find 
difficult to avoid. Fiske referred to the cap
ture of G. palpalis in such quantities as to 
contribute to the reduction of their popu
lation. Chorley (1958) and Glasgow (1963) 
confirmed the importance of this preda
tory activity of Nephilia, stressing the role 
that they play in controlling prey popula
tions. On the other hand, Harris (1930) 
noted that in Zululand G. pallidipes were 
rarely captured by these spider webs, even 
though nephiliids were abundant. 

Jumping spiders of the family Attidae 
(Plexippus paykulli) catch large numbers 
of G. palpalis in Gambia, while ignoring 
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other flies (Simpson 1918). Swynnerton 
(1936) confirmed the fact that resting 
tsetse may be killed by jumping spiders. 

Hersilia setifrons Lawrence (family Her
siliidae) is a spider that lives on the trunks 
and larger branches of various trees . It 
pounces upon resting tsetse adults, which 
it enmeshes and immobilizes within a 
silken envelope. Because it does not eat 
the prey at once, it is relatively easy to 
study this instance of predation by count
ing the number of H. setifrons' silken 
" packages" on tree trunks. 

This sign enabled Southon (1959), 
helped by a dozen observers, to make a 
quantitative assessment of the role of 
these spiders in reducing G. swynnertoni 
populations. From 100 to 350 insects im
prisoned by H. setifrons were located 
monthly during 7 months of observations. 
It was found by dissection that G. swyn
nertoni constituted up to 3% of the prey. 
Southon (1959) estimated that at 1400 spi
ders / ha (the minimum population of H. 
setifrons), with tsetse averaging 75/ ha and 
bearing in mind that each spider feeds 
once weekly, the predation rate each week 
was 17%. However, only 1% of the prey 
consists of tsetse flies. 

Spiders of the genus Hersilia are found 
during all seasons in the forest galleries of 
the lower Chari River, the characteristic 
plants of this G. tachinoides habitat being 
Morelia senegalensis and Mitragyna iner
mis (Gruvel 1974a). These hersiliids reach 
their maximum abundance during the hot 
season. Their coloration makes them al
most indistinguishable from the bark of 
the trees that they haunt, and their behavi
our is as described above. It should be 
noted that at the moment of capture, the 
attention of a nearby observer may be at
tracted by a sharp buzzing produced by 
the wings of the Glossina. It is interesting 
to note that the fly is not paralyzed by the 
spider and that it can resume flying if re
leased from the enclosing web. The preda
tory role of this spider on resting G. 
tachinoides can be observed at any time of 
the day - or sometimes even at night, at 
full moon. Captures are particularly nu
merous during the hot season, being made 

easier due to the torpor that then over
comes tsetse flies . 

The quantitative importance of these 
captures was not assessed . However, in the 
locality where these observations were 
made, the density of Hersilia is highest 
early in March. It is maintained at a high 
level through April and May. During this 
period, the tsetse flies congregate in 
groups on the tree trunks, resting for sev
eral hours at the height of the day. One 
day in April, 22 spiders were counted on a 
single Morelia trunk. On the same tree, 10 
captures were witnessed within 2 h. The 
high concentration of spiders on Mor
elia trunks during the hot season, 
which corresponds to the period of congre
gation of resting G. tachinoides, ensures 
efficient predation during the three hottest 
months of the year, and allows Hersilia to 
exert a decided limiting effect on the tsetse 
population (although the author has never 
recorded a predation rate as high as that 
published by Southon 1959). Glossina is 
not the only prey of these spiders, as indi
cated above. Despite the comparative scar
city of Hersilia during the cool season, 
these spiders then catch other insects 
which haunt tree trunks, notably pyrrho
corid Hemiptera. 

Predator-Tsetse Relationships 

Predators on Glossina are varied. Some 
among them, notably vertebrates, play a 
still-unknown role; others, including other 
insects and spiders, often exert a decided 
effect on adult and immature tsetse popu
lations. 

Many uncertainties and unknowns are 
obvious as regards both the predators 
them selves, and predator-prey relation
ships. These deficiencies are due to the in
adequacy of research on the relationships 
between the tsetse flies and the fauna 
sharing their biotopes, and to the field 
observer's difficulty in witnessing the ac
tual moment of contact between Glossina 
adults and their natural enemies. 

There is no evidence to show any spec-

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



so IDRC-077e 

ificity of action of any of the predators 
upon tsetse. The latters' capture is there
fore the result of a chance encounter, de
termined by ecological conditions. 

Predators 

Very little is known of the biology of the 
predators of Glossina, even that of arthro
pods, whose action against Glossina is in
disputable and relatively common. The 
known aspects of their behaviour have al
ready been mentioned. Their ecology has 
not been adequately studied: the varia
tions of their habitats; their longevity; 
their breeding periods; the size of their 
populations; and the frequency of their 
meals remain practically unknown. Infor
mation on these points would enable one 
to judge their real importance and their 
efficiency in contributing to the natural 
limitation of tsetse populations. 

One can only theorize that predation is 
facilitated by the great mobility shown by 
some predators when seeking their prey, 
and is more efficient when the predators 
are abundant and concentrated in the ter
ritories occupied by adult Glossina. 

Tsetse Flies 

In cor.trast, tsetse-fly ecology is well un
derstood (or rather, the ecology of the 
species more commonly dispersed in the 
savannah regions is well understood, but 
unfortunately there is still a lack of knowl
edge about tsetse flies that are strict dwel
lers of the great equatorial forest) . 

In the light of information gathered dur
ing ecological studies, it is possible to 
pinpoint those periods in their life cycle 
when the Glossina are particularly vulner
able . They may of course be attacked at all 
stages of their development: larval , pupari
al, or adult. 

Larvae 

In nature, larvae are deposited on the 

ground in places selected by the tsetse fe
males. Assisted by their tropisms, larvae 
complete the next phase of this act of se
lection, coming to rest in locations where 
the future puparia will find the most fav
ourable conditions for their development. 
Larviposition sites, usually located in the 
normal habitats of the adults, have the fol
lowing general characteristics: (1) protec
tion from intense sunlight by more or less 
high foliage, low plants, fallen trees, and 
natural cavities in the ground or in trees; 
and (2) loose soil at the surface, often 
trampled by animals and covered with 
leaves, overlaying a more humid substrate. 

Normally the free-living larval stage is 
of very short duration. A few minutes after 
being deposited, the larva buries . itself 
shallowly after little or no movement over 
the surface of the ground. The factors 
affecting the behaviour of the larva and 
consequently the duration of the larval 
stage are soil texture, light, and humidity. 
A positive geotropism and a negative pho
totropism ensure the burrowing reflex, 
which is facilitated by a loose soil. Penetra
tion is that much more immediate where 
soil humidity is high (without, however, 
having reached or even being near the sat
uration point). Larvae are baulked by a 
substrate that is either too dry or too hu
mid . Puparia thus develop below the sur
face at the interface of dry and humid 
layers, which they cannot penetrate be
cause of the compactness. 

If the larva encounters adverse condi
tions (soil too hard , too dry, or too wet), its 
life is appreciably prolonged. It then wan
ders over the surface for some time (up to 
or exceeding 1 h), until it finally stops and 
pupates; usually without burying itself. 
Puparia so formed evidently have a rather 
uncertain future . 

Because of its usual burrowing speed, 
the larva is almost totally protected from 
possible predators. It is only when condi
tions are adverse, when they wander as de
scribed above, that larvae become more 
vulnerable. These particular conditions oc
cur periodically in the forest galleries of 
the savannah regions during the onset of 
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the dry and hot seasons. Various soil-dig
ging predators, such as ants, may then 
catch some. I have never personally ob
served this type of predation in the various 
G. tachinoides habitats in Chad and Came
roon. Observations by Lamborn (1915a, b; 
1916} and a few others seem to apply to a 
provoked contact, not to a natural one. 

Puparia 

These are located in places commonly 
designated as larviposition sites, having 
the general characteristics outlined above. 
The sites depend on the nature of the soil 
which, in addition to appropriate physico
chemical conditions, ensures the persist
ence of a protecting plant cover. Generally, 
the immediate environment of the pupa
ria is relatively uniform due to the adap
tive movements that make pupation 
possible at all seasons except - though 
rarely - where general climatic conditions 
are adverse. 

Humidity at the puparium level varies, 
but is always between 48 and 84% (Atkin
son 1971}. This hygrometric range was con
firmed for larviposition sites of G. 
tachinoides. However, optimum hatching 
rates were recorded when puparia formed 
at sites where the soil humidity was above 
60% and in the vicinity of 80% (Gruvel 
1974b}. 

The duration of pupation is inversely 
proportional to the temperature to which 
the puparia are exposed. In the lower 
Chari River Valley where a short rainy sea
son is followed by a long dry season (the 
latter being characterized by a cool and a 
hot period), temperatures at the level of 
the puparia range, on average, from 22 to 
28 °C between these two periods. This re
sults in a pupation period 1.6 times longer 
during the cool season (av. 38 days) than 
the hot one (av. 23 days) . These variations 
are naturally much smaller in regions 
where the climate is characterized by a 
narrow range of temperatures. The length
ening of the pupation period increases the 
interval during which puparia are exposed 
to their natural enemies. 

In regions where the general climate and 
rainfall show large annual variations, there 
is periodical concentration and dispersal of 
larviposition sites. Although it is practi
cally impossible to estimate puparial loss
es, these are certainly higher during peri
ods of concentration, which coincide with 
the species' most extreme climatic condi
tions. These conditions, by ca;..,, ing con
centration of the local fauna, increase the 
chances of contact between predators and 
prey. Insectivorous vertebrates scratching 
the soil, Coleoptera, Orthc~•era, Hymen
optera / Formicidae may then use tsetse 
puparia as their main food source. 

Adults 

At Hatching 

On emergence from the ground, tsetse 
flies spend a long time stretching their 
wings, legs, abdomen, and proboscis. They 
are able to fly only after a delay varying 
from 1 to as much as 2 h . During this time, 
they can walk and are sometimes active. In 
the case of G. swynnertoni, Southon (1959} 
noted that flies at this stage remained 
where they were hatched for nearly 2 h, 
finally flying off directly from this point. 
The only displacements appeared to be 
caused by the scuffle resulting from other 
flies hatching from neighbouring puparia, 
or from encounters with other terrestrial 
insects such as beetles or ants. When thus 
disturbed, the flies move away a few centi
metres and become immobile again. 

This waiting phase prior to the first 
flight makes the young adults vulnerable 
to carnivorous insects or any other insecti
vore. 

At Rest 

Resting tsetse may be found on the 
trunks or branches of trees and bushes 
comprising or bordering their habitats. 
They occupy different sites on the vegeta
tion, being found at different heights by 
day and by night. The altitudes at which 
tsetse rest are a characteristic element of 
their ecology. 
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Many observers have noted variations in 
the height of the diurnal resting places ac
cording to time of day or season, suspect
ing that climatic conditions have an 
influence on these variations. An assess
ment of the major microclimatic factors at 
the resting sites shows that tsetse flies 
prefer humid sites that afford conditions 
of lower light intensity and temperature 
than the environment where the flies are 
normally active. Temperature appears to 
be the most important factor in determin
ing the altitude of the resting places. For 
G. tachinoides in the lower Chari River 
Valley, Gruvel (1974a) demonstrated a re
lationship between environmental temper
ature and the mean height of resting 
tsetse. The average height of the resting 
places decreased as the ambient tempera
ture increased in the range 31-41 °C. At 
temperatures below 15 °C resting flies are 
more scattered; whereas, at high tempera
tures they are closely congregated, and are 
always found at heights below 30 cm. Re
gardless of the temperature of the environ
ment, the temperature of the resting places 
of adult G. tachinoides never exceeds 
33 °C. 

The remarkable assemblage of resting 
glossinids at the base of tree trunks, dur
ing the hottest periods of the year, ac
counts for the large number of observa
tions of captures by various predators, 
which also live on these trunks. Al
though this must be proven, the predators 
are probably reacting similarly to climatic 
(especially thermal) variations and there
fore also become more concentrated. Rest
ing tsetse are thus exposed to more attacks 
by the habitual fauna of tree-trunks. De
pending on the region, this includes insect 
predators of the families Mantidae, Redu
viidae, and Tettigoniidae, spiders of the 
families Attidae and (especially) Hersilii
dae, and vertebrates such as lizards. 

At night, tsetse flies rest on leaves in the 
vicinity of the flies' normal daytime habi
tats. One can only theorize on nocturnal 
predation. However, under a full moon I 
have observed the capture of a G. 
tachinoides by a hersiliid spider.2 

One may ask, with Rogers (personal 
communication), if the resting places are 
not also chosen in the course of a 24-h pe
riod in the interests of escaping diurnal 
and nocturnal predators. Resting places 
change at dusk. At night, tsetse flies rest
ing on leaves may detect the approach of 
invertebrate predators by vibrations trans
mitted through their legs. During the day, 
when the flies are resting on tree trunks, 
they do not perceive such vibrations. 
Then, however, they more easily escape 
predators hunting by sight, such as birds. 

In Activity 

The activities of adult Glossina spp. are 
governed by hunger in the case of both 
sexes or by the search for females by 
males. These activities consist of move
ments that, depending on climatic condi
tions, lead the flies to disperse from their 
original habitat, which they either eventu
ally return to , or abandon for other bio
topes. Tsetse are thus active over quite a 
considerable area. 

Daily activity rhythms differ from one 
season to the next. In regions with strong 
thermal contrasts they are of three differ
ent types. They are characterized by: (1) a 
sharply marked midday peak during the 
cool season; (2) a morning and a late-after
noon peak during the hot season; and (3) 
between these two extremes, a profile of 
daily activity curves that takes the form of 
a plateau changing progressively into one 
or the other of the two preceding types. 

These two factors , areas and activity 
rhythms, obviously affect the possibilities 
of encounters between predators and 
tsetse flies. However, it is not known if the 
behaviour of habitual predators (such as 
asilids, dragonflies, bee-flies) and birds or 
bats , is similarly modified by the same cli
matic factors. 

Tsetse flight is rapid and short; there-

2 Recently developed Night Vision Devices 
based on the light-accumulation principle 
make possi ble accurate observations of noctur
nal insect behaviour, even on dark nights (ed) . 
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fore, only the quickest predators are likely 
to catch these insects. The short duration 
of the predatory act is in itself enough to 
explain the scarcity of observations. At 
times of major dispersal, Glossina spp. are 
exposed to a greater number of insectivo
rous birds and strong flying insects, such 
as dragonflies. When their movements are 
limited to more restricted habitats, they 
become more vulnerable to predators hav
ing a small radius of activity. 

The capture of tsetse flies while they are 
taking a blood meal (a type of predation 
about which little has been published) is 
easier, for they are then not very sensitive 
to external stimuli. Southon observed 
dragonflies capturing tsetse from men, and 
Ford recorded the capture of feeding G. ta
chinoides by a hymenopteran (Sphecidae, 
Oxybelus lamellatus). 

Estimafo:m of the Importance of 
Predation 

Close association of predators and tsetse 
inevitably increases the chances of the 
latter's capture. One can therefore expect 
increased predator incidence among tsetse 
populations when their density increases, 
as is the case during the hot periods of the 
year when the areas of activity of the two 
groups most nearly coincide. As an 
ecological generalization, the number of 
prey killed tends to increase with their 
density. Although it is sometimes true that 
an increased concentration of prey species 
gives them a measure of protection against 
their enemies, this does not seem to be the 
case for Glossina - in fact, it seems to be 
quite the contrary. 

It is difficult to evaluate predation rates. 
The study of population densities of tsetse 
flies shows seasonal variations associated 
with both climatic factors and intrinsic and 
extrinsic biotic factors (such as parasi tes or 
predators, whose effects combine at cer
tain periods of the year to reduce tsetse 
numbers). In the lower Chari River Valley, 
for example, the G. tachinoides popula-

tions show a marked decline caused by the 
combined action of drought and parasites 
(Thyridanthrax) on puparia and of preda
tors (hersiliid spiders and eventually asilid 
Diptera) on adults (Gruvel 1974b). But 
how, other than by making direct observa
tions, are we to determine the action of a 
particular predator on puparia or adults? 
In this connection, it must be appreciated 
that the effect of a predator on its prey is 
not always obvious. Moreover, predation 
is undoubtedly accentuated by the physio
logical condition of the prey; thus adults in 
states d rest during digestion, or of torpor 
under the influence of heat, are more vul
nerable than those only temporarily set
tled. On the other hand, it must also be 
noted that, during studies of the resting 
places of G. tachinoides, flies marked with 
a coloured spot on the thorax comprised 
the major percentage of the victims of her
siliid spiders (Gruvel 1974a). Tsetse flies so 
marked are evidently more easily detected 
by predators, and thus more vulnerable to 
them. This is an important point that must 
be taken into account in all controlled ex
periments dealing with predation upon 
Glossina. 

The estimation of predation rates attrib
utable to each of the various predators is 
therefore extremely difficult. The intro
duction of mathematical models in such 
studies is indeed desirable, as they should 
lead directly to a better understanding of 
the reciprocal actions of factors governing 
tsetse ecology. However, because of the 
paucity of available information (particu
larly on tsetse-predator as well as tsetse
parasite relationships) it is necessary to 
keep referring back to observations from 
nature , pending the perfection of appro
priate models. 

Role of Predators in Biological 
Control 

Although a few authors have attempted 
to estimate the capture of tsetse puparia or 
adults by ants or spiders, the assessment 
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of predation is usually purely qualitative, 
depending on direct observations of cap
tures. Under such circumstances only the 
most abundant predators of adult tsetse 
flies are taken into proper consideration. 
We shall, of course, consider only active 
predators searching for their prey 
(dragonflies, ants, asilids, hersiliid spiders, 
etc.) as opposed to rarely encountered pas
sive predators (Nephilia spiders). We may 
thus consider more particularly a few pred
ators, such as asilids, ants, and Hersilii
dae , the effectiveness of which has been 
abundantly confirmed during certain peri
ods of the year. Their polyphagy is an ad
verse factor that may reduce their 
efficiency for biological control. To in
crease their efficiency in a control pro
gram, it would be necessary either to 
increase their numbers, or to protect them 
from all external dangers. 

An increase in the number of predators 
in a given zone may be achieved by a mas
sive introduction. However, this type of in
tervention is possible only if there is a 
nearby rearing centre producing large 
quantities of the most appropriate preda
tor or predators. Present shortcomings in 
our knowledge of the biology of candidate 
predators precludes any successful rearing 
in the foreseeable future. 

The conservation of predators in their 
natural habitat deserves some attention. 
Although we know little about this with 
respect to the predators under considera
tion , it is possible that they in their turn 
are preyed upon by natural enemies that 
contribute to limiting their numbers. For 
example, the asilid Dysmachus presci
pennis, whose role in the maintenance of 
the insect fauna and as an auxiliary to ag
riculture was studied by Weinberg (1968), 
lies at the middle of a food chain between 
its own prey and spiders. 

But the most interesting aspect of the 
execution of a program of integrated con
trol is the use of synthetic chemical pesti
cides. It has been shown that aerial 
applications of DDT and HCH, if not 
pressed to the point of extinction of 
Glossina, may cause higher mortality 

among some of their parasites than among 
the flies themselves. After the cessation of 
spraying, the result is an abnormal in
crease of tsetse populations. 

True, ground-based applications of resi
dual insecticides are selective, being re
stricted to the preferred resting places of 
tsetse and aimed at their eradication. How
ever, incomplete success of spraying might 
allow their natural enemies, such as preda
tors, to complete destruction of the tsetse 
population. To what extent are these pre
dators affected by localized sprayings of 
tree-trunks and low branches? Theoreti
cally, only the fauna belonging to the bio
tope is killed by the insecticide. Thus, her
siliid spiders seem to be the most 
vulnerable; whereas, asilids, located at the 
tips of untreated isolated stems, have 
every chance of escapirig the toxicant. At 
least insofar as the asilids are concerned, 
this is what actually happens. Indeed, a 
few months after a DDT application to G. 
ta chinoides sites in the lower Chari River 
Valley, the endemic asilids could be taken 
in large numbers. Very often beyond the 
reach of the insecticide because of their 
favoured ambush sites, and especially be
cause they disperse over a larger area than 
that actually treated, they can maintain or 
easily rebuild their populations. In con
trast, spiders cease to be prevalent on the 
tree trunks, probably because of a combi
nation of their being killed by the insecti
cide or some future microbial pathogen, 
vulnerable hot-season prey, Glossina, due 
to spray mortalities. 

The nonspecificity of any broad-spec
trum tsetse control agent, whether a pesti
cide or some future microbial pathogen, 
demands the most careful application 
methodology if the vector' s natural ene
mies are not to be harmed at the same 
time. 

Are living organisms capable of extract
ing from the habitat tsetse puparia or adults 
without actually feeding on them, to be in
cluded among our predators? Without 
dwelling on this possible extension of the 
classic definition, one must nevertheless 
mention man's role, sometimes far from 
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negligible, as a "predator" on tsetse. Field 
captures, although important, do not al
ways affect the whole of the population. In 
some cases, however, they have significant 
consequences: 

(1) The densities of G. tachinoides popu
lations calculated monthly during several 
years in the same habitat (capture-recap
ture method) show seasonal variations ac
cording to a remarkably regular rhythm 
and at levels that are demonstrably similar 
from one year to the next. Following the 
extraction of nearly 5000 puparia from a 
particular habitat in a few days, the popu
lation declined over the next year to one 
third of what it was previously (Gruvel 
1974b). 

(2) When carried out on a large scale, 
the collection of puparia and adults may 
lead to the extermination of small isolated 
populations (Glasgow and Duffy 1961). 

The extraction by man of large quanti
ties of puparia and adults from an isolated 
habitat may prove an important aid (wor
thy of consideration in reducing popula
tion sizes) at least toward the reduction of 
tsetse species living in savannah forest gal
leries. 

In conclusion, Glossina spp. have more 
natural enemies than many other vectors. 
A large number of these enemies contrib
ute to the natural control of tsetse popula
tions. Predators on tsetse are many and 
varied . Whereas a few are really efficient, 
the predatory action of others is no more 
than an entomological curiosity. 

Our lack of knowledge of the biology 
and ecology of the predators is particularly 
striking, and justifies the interest that 
should be focused on the study of ele
ments likely to be useful in biological con-

trol. Taking into account our present 
ignorance of most of the points raised, a 
vast research program would be necessary 
to provide the basis for a proper appraisal 
of the matter. In any case, an inventory of 
predators must be established, accompa
nied by an accurate key to the identifica
tion of species. 

Comprehensive studies of the ecology of 
these predators should be undertaken, 
covering their habitats, food preferences, 
longevity, breeding periods, and popula
tion dynamics. This research must be un
dertaken bearing in mind the relationships 
between predators and tsetse, in order to 
arrive at estimates of predation rates and 
of their variations - estimates from which 
it will be possible to judge the real 
efficiency of the predator under study. Un
fortunately, reliable methods for such esti
mates have yet to be developed! At the 
same time, it cannot but be useful to study 
the ecology, neglected until now, of certain 
Glossina spp., particularly those of the for
est regions. Once this lack in our knowl
edge has been eliminated, it will be of 
primary importance to elucidate the fac
tors inciting the predators to choose tsetse 
as prey, in preference to other organisms. 
We will then be able to capitalize on this 
information to obtain better control of the 
target insect. 

The problems concerning the biological 
control of tsetse flies are essentially the 
same throughout their entire area of distri
bution. Investigators should therefore be 
encouraged to cooperate with one another 
on a more sustained basis, to facilitate the 
design of efficient methods meriting reten
tion when a program of integrated control 
is established . - J. Gruvel. 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier





LAIRD: TSETSE S7 

Parasitoids 

Much effort and expenditure have gone 
into various anti-tsetse campaigns involv
ing bush-clearing, human population dis
placements, game control, fencing to 
prevent infected game moving into cleared 
areas, widespread use of insecticides, in
spection and disinsection of vehicles to 
prevent reinfestation, etc. However, little 
has been attempted to date by way of bio
logical control techniques. 

Nevertheless during the course of stud
ies on the biology and ecology of Glossina 
spp. in various parts of Africa, a wide 
range of natural enemies has been record
ed; some fairly regularly, others only occa
sionally when reared from puparia. 

Austen and Bagshawe (1914) suggested 
the introduction from other areas of mus
coid fly parasitoids not already present in 
Africa, specifically mentioning Spalangia. 
In fact, several species of this genus al
ready parasitize muscoids in Africa. Simp
son (1918) referred to the possibilities of 
biological control in West Africa where 
he found puparial parasitoids of Glossina 
to be very rare. These general ideas were 
certainly worthwhile considering. They 
remain so today. Three main lines of ap
proach commend themselves: (1) the artifi
cial dispersal within Africa of parasitoids 

of Glossina to areas where they do not al
ready occur; (2) the introduction into Af
rica of parasitoids attacking dipterous 
puparia elsewhere, and perhaps able to 
attack Glossina puparia successfully (both 
these approaches would involve the intro
duction into new areas of parasitoid spec
ies, with a view to their permanent 
establishment as part of the regulating 
mechanism of Glossina populations); and 
(3) the mass releases of selected parasitoids 
for the temporary suppression of tsetse 
populations. 

However, only three serious attempts to 
use entomophagous parasites for tsetse 
control have been made, all involving 
Syntomosphyrum spp. There does not ap
pear to have been any other similar major 
effort along these lines. This is perhaps not 
too surprising when the biology and ecol
ogy of Glossina are taken into account, 
and the lack of success of these initial tri
als is considered. In two of these instances 
there was certainly an increase in parasi
tism, and hence of destruction of Glossina, 
but in practical terms, the actual level of 
control achieved was insignificant. 

Some general points emerge from a con
sideration of these examples. The selection 
of Syn tomosphyrum glossinae Waterston 
in the first instance was understandably 
influenced by the fact that the parasite is 
easy to breed in the laboratory. The later 
experiment at Kikori (p. 62) was obviously 
an extension of the previous one in Ma
lawi. It seems that very little (if any) effort 
was made to ascertain the suitability of 5. 
glossinae for this purpose. The species was 
used because at that time other parasitoids 
appeared to be more difficult to manipu
late. The bombyliids could not be bred be
cause the adults damaged themselves in 
cages; whereas the mutillids had long life 
cycles and low reproductive rates (al
though it was later found that Mutilla 
glossinae Turner could be reared on 
Sarcophaga puparia). 

Nash (1970b) has reviewed the control 
exerted on Glossina by natural enemies, 
whereas Heaversedge (1968b) gives ac
counts of parasitoids from Rhodesia. 
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There are several quite different aspects of 
the possible use of parasitoids against 
tsetse. In any detailed consideration of 
field release programs (whether for perma
nent establishment or tempora ry augmen
tation) we must be certain about the target 
species of Glossina and the ecological con
ditions under which the attempt is to be 
made. 

A parasitoid selected for use against a 
relatively abundant riverine Glossina 
would have to have rather different char
acteristics than a parasite used in more 
open, possibly drier, country. In the first 
case reproductive capacity should, for ex
ample, be stressed, whereas in the latter, 
where the local Glossina is less abundant, 
searching capacity or longevity under arid 
conditions might be of equal or greater im
portance. Similarly, the effectiveness of dif
ferent parasitoids might vary during par
ticular seasons of the year. Possibly, 
combinations of parasitoids with different 
characteristics might be used to supple
ment one another. Mass-releases can be 
made either to introduce an effective spe
cies into an area where it does not already 
occur, or (as in the experiments with 
5yntomosphyrum) on a periodical basis 
with a view toward increasing the num
bers and effectiveness of a parasitoid al
ready occurring in the area. 

Economically, the former is certainly 
preferable. Once established in an area, an 
effective parasitoid should not need peri
odic supplementa tion, and hence the costs 
of periodic releases are eliminated. Which
ever method is adopted, but particularly 
with respect to periodic releases, there are 
problems associated with breeding ex
tremely large numbers of a selected parasi
toid in the laboratory (see Mass 
Rearing Using Animals for Feeding). 

We shall consider all the parasitoids of 
Glossina so far recorded. It seems rather 
unlikely that others offering any promise 
for biological control remain to be discov
ered, in view of the widespread general in
vestigations that have now been carried 
out in Africa. It is thus a question of se
lecting the most promising pai:asitoids 

from this list. The species appearing to 
warrant first consideration in this regard 
are described in greater detail than the 
others. A second approach, the importa
tion into Africa of non-tsetse parasitoids 
for use against Glossina, is also considered. 

None of these aspects presents a simple 
or particularly promising solution to the 
tsetse problems. With the vast area cov
ered by ecologically different species of 
Glossina there is more than one 
"problem." It is impossible that any single 
attempt at biological control will solve 
them all. However, until further detailed 
investigations have been carried out, we 
shall advance no further. 

Syntomosphyrum spp. 

Systematics and Distribution 

The genus 5yntomosphyrum is a mem
ber of the hymenopterous family Eulophi
dae. 5. glossinae, first found parasitizing 
puparia of G. f. fuscipes (formerly consid
ered as G. palpalis) from the shores of 
Lake Victoria, was described by Waterston 
(1915a, b). For some years, this was consid
ered to be the only species of 5yntomos
phyrum parasitizing Glossina puparia, al
though the existence of a form of the spec
ies with white-clubbed antennae, distinct 
from the originally described dark
clubbed form, was recognized by Water
ston (1916). Saunders (1960a) found that 
cross-matings between the two forms re
sulted in the production of all-male proge
ny. These were presumed to have devel
oped from unfertilized eggs, and he 
concluded that the two forms should be 
regarded as separate species. The white
clubbed form was described as 5. 
albiclavus Kerrich (1960). 

The distribution of the two species of 
5yntomosphyrum has been examined by 
Saunders (1960a) and (in tabular form) by 
Potts (1970b). Distribution records are 
summarized in Table 2. 5. glossinae has 
been recorded from a number of G/ossina 
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Mutillidae 
M11t1/la sl1tS:.0111a1· Turn. 
M . b1•111fnctnx Aust. 
M. attnlrnns Turn . 

Bombvliidae 
TJ1y~uia11tlirax nf1r11pf11:-> 
Lw. (=T lt11e11s L\\' .) 
T. salutans Aust . 
T. nr,\?l!lll1fro115 Aust. 
( = bt'ckt•nanus Bezzi) 
T. tra11;-;1e11s Bezz1 
T. bn1ef1n1s Aust. 
T lu.'{t'llS Lw. 
T. allwpterus Hesse 
T. l111rtt1 Hesse 
T. brt'1. 11faC1t'S Hesse 
T. lloyd1 Auste n. 
Petn1~1>Ss 1a spp. 
P. a11~11s l 1basalis Hesse 
P. ltt'Sperus tropicnlts 
Bezzi 

Conopidae 
St_111o;.:aster u•t'SllN1')d1 

Swinh . (once on lv) 
Eupelmidae · 

Eupelmella tarsata 
Wtrst. 
A11a::otnt11:0 l11nd1n71 :_; 
Wtstn . 

Chalcididae 
Hnlt1clielln ednx Wt rst. 
Stvmatoceras micn11;:; 
Wtrst. 
S. t•xarahun Wt rst. 
S. scl111/thessi Ferr i . 
S. diliers1corni:; Kirby. 
Brach11111t'7'1a amenoclt.>s 
Wik.(= 8 . l'nript'S Wik.) 
Dirhinus sp. 
D. g1ffard11 Silv . 
D. inflexus W trst. 

Eu lophidae 
s_vntomosphyr11111 
11loss111ar Wtrs t. 
S. albiclalius Kerrich 

Braconidae 
Coc/alys1a 11lossi11ophaga 
Turner 

Bethylidae 
Prolaelius glossmat• 
Tu rn . & Wtrs t . 

Perilampid ae 
PCTilampus rnficomis 
F. (= P. <•10/ace11 s F. ) 

Ceraphronidae 
Conostigmus rodliai11i 
Beq. 

Oiapriidae 
T nchopria ca pens is 
robustwr Silv. 

T. lew1s1 ixon 
Abrothropria lloyd1 
Ferr . 
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spp. from Senegal, Liberia, Nigeria, Chad, 
Uganda, Kenya, Tanzania, and Malawi. It 
can therefore be presumed that this spe
cies is generally distributed in Africa's 
flybelt. 5. albiclavus appears to be of 
rather more restricted distribution, having 
been recorded with certainty only from 
Kenya, Tanzania, Malawi, Zambia, and 
Rhodesia. There is uncertainty about the 
true status of many early records of 5. 
glossinae and of the species to which "5. 
glossinae" from Mozambique (Dias 1961) 
and South Africa, notably Zululand, (Fied
ler and Kluge 1954), should be attributed. 

Life Cycle and Ecology 

Virtually nothing is known about the 
life cycle of 5yntomosphyrum spp. in the 
field . Experimentally, females will oviposit 
in the puparia of a wide variety of the 
higher Oiptera, including species of Mus
ca, Dacus, Lucilia, Chrysomyia, 5arcopha
ga, Calliphora, Phormia, and 5tomoxys. It 
will even parasitize puparia of Drosophila, 
although these, because of their small size, 
are inadequate hosts (Saunders 1961). The 
record of 5. glossinae from cockroach 
oothecae (Nash 1955) is erroneous (Jordan 
1956). It is not known which hosts, other 
than Glossina spp., are attacked in nature. 
Mature females drill through the pupar
ium of Glossina and oviposit within it. 
Saunders (1961) indicated that as the fe
male of 5. albiclavus normally kills the 
pupa within the puparium before oviposit
ing, it is a "refined predator" rather than a 
parasitoid in the strict sense of the term. 
Apparently, the puparium is attacked at 
any stage of its development (Harris 1930). 
The statement by Nash (1933a) that the 
larva of Glossina can be parasitized before 
it has burrowed into the ground was ques
tioned by Saunders (1961) on the grounds 
that 5yntomosphyrum, like many other 
parasitoids, needs to oviposit into a 
"subpuparial space" (i.e. between the pu
parium, in the strict sense, and its con
tents) for successful parasitization. 

The development of the immature 

stages of 5. albiclavus within puparia of 
Lucilia sericata (Mg.) has been described 
by Saunders {1960b). Puparia were ex
posed to females of 5. albiclavus when 
6-h old, and were then incubated at 25 °C. 
Eggs were deposited on the surface of the 
larva or pupa within the puparium. The 
resulting immature stages occupied the 
space between the pupa and the pup
arium.3 

The number of eggs laid depends on the 
size and age of the female. Under favour
able conditions, some 40-50 eggs are laid. 
These hatch about 48 h after oviposition. 
The larvae are translucent and apodous. 
Each of the first three larval instars has a 
duration of about 1 day. The fourth (final) 
instar lives for some 5 days. The prepupal 
and pupal stages last for about 2 and 10 
days, respectively. After the adults emerge 
they remain within the host puparium for 
another day or so before biting a small 
hole in the puparium and escaping. Copu
lation occurs just after emergence from the 
host. Females mature in about 3 days and 
are then able to parasitize new hosts. The 
sex ratio of emerging parasitoids is usually 
about 1 male to 6 females. Virgin female 
5yntomosphyrum produce only male 
offspring. 

In the laboratory, 5yntomosphyrum can 
be hyperparasitic on Mutilla within the 
puparium of Glossina, a situation first ob
served by Lamborn (1916). Lamborn {1925) 
found no difficulty in producing both par
asitic and hyperparasitic broods. 

In nature, the adults have a limited abil
ity to penetrate soil , which probably 
means that many puparia of Glossina are 
immune to attack. Nash (1933a) found that 
the ability to penetrate soil depended upon 
the soil type. In tightly packed dry sand 
the insects could not reach puparia deeper 
than 2.5 mm. At the other extreme, they 

3 "Puparium" is used here in its strict sense 
as the shell derived from the final larval skin 
enclosing the developing pupa or phorate adult. 
Elsewhere it is used loosely to describe the pu
parium and its contents. 
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Table 3. Rates of parasitization by Syntomosphyrum spp. of puparia of Glossina in nature. 

No puparia % 
Species examined parasitized Locality Authority 
G. m. morsitans 
G. m. morsitans 
G. m. morsitans 
G. 111. morsitans 
G. m. centralis 
G. m. cen tralis 
G. f. fuscipes 
G. austeni 
G. pallidipes 

a Live puparia . 
b Empty cases. 

234oa 
1700b 
1367 
7440 
5168 
2185 
203 

26543 
30331 

0.04 
2.4 
0.2 
0.4 
0.2 
0.2 
1.5 
0. 1 
0.3C 

Ma lawi Lamborn (1916) 
Malawi Lamborn (1916) 
Malawi La mborn (1925) 
Rhodesia Chorley (1929) 
Tanza nia Nash (1933a,b) 
Tanza nia Potts (1933) 
Lake Victoria Fiske (1920) 
Moza mbique Dias (1961) 
Rhodesia Heaversedge (1969a) 

c Mean of a series of percentages for two areas and two years . 

could reach puparia beneath 15 mm of dry 
humus, and 38 mm of dry leaves. 

Difficulties experienced by parasites in 
locating buried puparia may at least partly 
account for the low rates of parasitization 
of Glossina puparia in the field. Despite 
the ease with which dipterous puparia can 
be parasitized by Syntomosphyrum in the 
laboratory, natural rates of parasitism 
higher than 3% have not been recorded. 
Available data are summarized in Table 3. 
This parasitoid is apparently absent from 
many areas. In others, rates of parasitiza
tion of Glossina puparia are even lower 
than those given in Table 3. This can lead 
to a false assumption of its absence from a 
particular region. Thus Syntomosphyrum 
was unknown from West Africa until 
small numbers were found in puparia of 
Nigerian G. palpalis (Nash 1947). 

Attempted Use in Biological Control of 
Glossina 

Syntomosphyrum is the only parasitoid 
which has, to date , been used in an at
tempt to control Glossina by biological 
methods. Lamborn (1916, 1920, 1922) car
ried out laboratory investigations into the 
biology of Syntomosphyrum. Saunders 
(1961) , who suggested that Lamborn was 
working with the species now known as 5. 
albiclavus, was impressed with this par
asitoid's longevity, short life cycle, high 
fecundity , and the ease with which it could 
be bred in a variety of dipterous puparia. 

Lamborn's work was quoted at consider
able length by Austen and Hegh (1922), 
who were much influenced by Dr G.A.K. 
Marshall's preoccupation with the record
ing by Lamborn (1916) of Syntomosphy-

Table 4. Field releases of Syntomosphyrum spp . 

Natural incidence 
Locality in puparia (%) 

G. m. morsitans Malawi 0.2 

G. m. submorsitans } 
Nigeria 

0 
G. tachinoides 
G. m. centra/is Tanzania 0 

G. f. fuscipes Tanzania ? 

No. of Incidence in 
parasitoids 

released 

277000 

" large 
numbers" 
3.5 million 
2 million+ 
8. 25 million + 
519000 

puparia after 
releases(%) 

6.8 

0 

0.8 
4.0-9.9 
0.8-1.6 

5 

Authority 

Lamborn 
(1925) 

Lloyd et al. 
(1927) 

Nash (1933a) 

Lloyd (in 
Swynnerton 
1936) 
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l 
1mm 

1 
Female Syntomosphyrum glossinae (left), female Mutilla glossinae (right). The scale line indi
cates 1 mm (from Buxton 1955). 

rum hyperparasitism of mutillids, which 
led to his conclusion (quoted from Austen 
and Hegh) that "There seems little doubt 
now that this species is harmful , being a 
hyperparasite of Mutilla glossinae." A lit
tle later in their monograph Austen and 
Hegh (1922) omitted from their list of the 
then-known Glossina puparial parasites 
"5yntomosphyrum glossinae, Wtst., 
which, as already stated, has been proved 
to be a hyperparasite of Mutilla glossinae, 
and therefore harmful instead of 
beneficial." Nevertheless, the first field 
campaign, involving the release of insects 
reared in captivity, was undertaken by 
Lamborn (1925). The results of this and 
subsequent campaigns are summarized in 
Table 4. Exposing puparia of 5arcophaga 
to 5yntomosphyrum in the laboratory, 
Lamborn obtained high rates of parasi
tism. For protection from predators, the 
parasitized puparia were enclosed in 
sealed lengths of bamboo and placed in 
tsetse habitats. A small hole was drilled in 
the tube to allow the parasitoids to 
emerge. The field releases were carried out 
in about 110 km2 (42 miles2) of a peninsula 
in Lake Nyasa; in June-October 1923 some 
277 000 parasitoids were released. 
Whereas the natural incidence of 5ynto
mosphyrum before the release was very 
low (some 0.2% of 1367 puparia were at
tacked) , the incidence in the first 3 months 
of 1924 had increased to 6.8% of 516 tsetse 
puparia examined. No further releases 
were carried out. Eight months later, the 

parasitoid's incidence had returned to the 
original low level (Buxton 1955). 

The second attempt to use 5yntomos
phyrum to control Glossina was made near 
Sherifuri in northern Nigeria. Some of 
Lamborn's original stock of 5. albiclavus 
had been sent to England and from there 
consignments of parasitized blowfly pupa
ria were sent by surface mail to Sherifuri, 
where 5. albiclavus did not occur natural
ly. A large stock was built up from the few 
survivors, and "large numbers" of the par
asitoid were released in an area where G. 
m. submorsitans and G. tachinoides were 
breeding actively. However, parasitized 
tsetse puparia were not recovered subse
quently Lloyd et al. 1927). 

The largest-scale release program was 
undertaken at Kikori, Tanzania , by Nash 
(1933a). Before releases were begun, spe
cialized techniques for rearing and releas
ing 5yntomosphyrum (the species is un
certain) were developed. Parasitoids were 
bred from puparia of Chrysomyia, each 
parasitized puparium producing an aver
age of 70 parasi toids. Precautions had to 
be taken to guard against parasitization of 
the Chrysomyia puparia by the hymenop
teran Trichopria sp., which does not attack 
Glossina puparia, and to prevent ants at
tacking the parasitized Chrysomyia 
puparia after they were released in the 
field . Following the development of satis
factory techniques, releases were made 
along the base of an escarpment in 
Brachystegia microphylla woodland, 
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where the parasitoid either did not occur 
or was exceedingly rare. Releases began in 
March 1931. By early December 1931, it 
was estimated that some 3.5 million 
Syntomosphyrum had been released. A 
sample of 254 puparia of G. m. centralis 
was collected, and it was found that 0.8% 
were parasitized by Syntomosphyrum. 
The remainder either produced a tsetse or 
were dead through other causes. The next 
month, 2.0 million more parasitoids were 
liberated. In one area 4.0% of 50 puparia, 
and in another, 9.9% of 171 puparia were 
parasitized. During the next 4 months a 
further 8.25 million Syntomosphyrum 
were liberated. At the end of this period, 
rates of parasitism had fallen to 0.8% of 
124 puparia and 1.6% of 489 puparia. 
Throughout the experiment, no Synto
mosphyrum were found in two control 
areas. Clearly, the release of 13.75 million 
parasitoids, albeit at extremely low cost, 
had achieved little. 

Nash (1933a) attributed the failure of his 
release program to the inability of 
Syntomosphyrum to penetrate the sandy 
soils in the experimental area. In an at
tempt to overcome this problem, Lloyd re
leased Kikori-stock Syntomosphyrum into 
a habitat where G. fuscipes - then iden
tified as G. palpalis - was breeding in hu
mus (Riamugasire Island, lake Victoria). 
In 1 month, some 519 000 Syntomos
phyrum were released: only 5% of the 
tsetse puparia became parasitized. It was 
suggested that the humus was too moist 
for significant numbers of the parasitoid to 
penetrate (Swynnerton 1936). 

Glasgow (1963) summed up the at
tempts to use this parasitoid: "looking 
back, it seems that when it was decided to 
undertake these experiments, too much 
weight was given to the ease with which 
Syntomosphyrum can be bred artificially, 
and too little to the fact that it has never 
been found abundant in nature." This is 
probably a fair comment, but the possibil
ity of using the species under particularly 
suitable conditions should not be com
pletely excluded. There does remain some 
slight possibility of it being effective 

against tsetse breeding for at least part of 
the year in loose, dry, friable humus. 

Mutilla spp. 

Systematics and Distribution 

Three species of the hymenopterous 
family Mutillidae (Turner's Mutilla glossi
nae, M. auxiliaris Turner 1915, 1916, 1920, 
and M. benefactrix Austen) have been 
reared from puparia of Glossina. This no
menclature is retained, to avoid confusion 
with species referred to in the literature. 
However, Brothers (1971) suggested that 
the first two species should be transferred 
to a new genus Chrestomutilla and the 
third species to Smicromyrme. M. 
glossinae, a much commoner parasitoid of 
Glossina than either M. auxiliaris or M . 
benefactrix, is the only species that has 
been studied in any detail both in the lab
oratory and in the field. 

The three species of Mutilla have a lim
ited distribution as parasitoids of Glossina, 
none being found outside southern Africa. 
Available records are summarized in Table 
2. M. auxiliaris was present as a parasi
toid of Glossina in Zululand, South Africa 
(Fiedler and Kluge 1954) before tsetse were 
eradicated from the area (du Toit 1954). 
The current status of M. auxiliaris in this 
area is unknown . Most records of Mutilla 
spp. from tsetse are from Zambia, Malawi, 
and Rhodesia , where high parasite rates 
have been recorded from Glossina pupa
ria . 

Life Cycle and Ecology 

Although adult female M. glossinae are 
apterous, they can be carried some dis
tance through the air by the male during 
copulation. little is known of the biology 
of the species in nature, but a number of 
laboratory studies have been undertaken. 
Adult female Mutilla fed on jam, will 
readily oviposit in puparia of Glossina. 
Much less readily, they will also do so in 
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puparia of Sarcophaga (Lamborn 1925; 
Chorley 1929). Female M. glossinae have 
three ovarioles in each of two ovaries. The 
oocytes in three of the ovarioles are ready 
for deposition shortly after emergence 
(Heaversedge 1969c). Newly parasitized 
tsetse puparia generally contain two or 
three mutillid eggs and only rarely a single 
egg. As three eggs mature at once, it seems 
likely that all are deposited within one pu
parium. Some days necessarily elapse be
fore more oocytes have matured and para
sitization can be resumed. Of the eggs laid 
in the tsetse puparium, one must develop 
at the expense of the others - it is un
known for more than one mutillid to 
emerge from a puparium. The larva was 
briefly described by Lloyd (1916). 

At 25 °C, Heaversedge (1969c) found 
that the egg stage lasted some 4-5 days, 
and the larval stages an additional 8-9 
days. Prepupae were present until 20-24 
days after the puparia were parasitized. 
The puparial stage lasted a further 10 days 
or so before emergence of the adult. 
Adults left the puparium after about 46 
days. After the departure of the adults a 
previously parasitized puparium can read
ily be distinguished by the presence of the 
mutillid's empty, yellow, silky cocoon. The 
size of the adult parasitoid depends on the 
size of the puparium attacked. Mutilla spp. 
from puparia of G. pallidipes are consist
ently larger than those from G. morsitans 
(Heaversedge 1968a) and from G. austeni 
(Fiedler and Kluge 1954). Under field con
ditions, the duration of the immature 
stages may considerably exceed the period 
reported by Heaversedge (1969c). From 
Malawi, 2.5- to 4-month periods have been 
reported . 

The sex ratio of M. glossinae emerging 
from puparia of Glossina is usually about 
6 females: 1 male. For instance, Chorley 
(1929) recorded 15% males in a total emer
gence of 1176 mutillids in Rhodesia. In 
Zambia, Dollman (1916) obtained only one 
male from a total of 64 mutillids from par
asilized puparia of G. morsitans. Unbal
anced sex ratios, common in the Hyme
noptera , also occur in Syntomosphyrum. 

They are usually the result of a form of 
parthenogenesis (arrhenotoky), haploid 
eggs developing into males and diploid 
eggs into females. Heaversedge (1969d) 
concluded from 2-year-long studies in 
Rhodesia that sex ratios found in M. 
glossinae definitely indicated arrhenotoky. 
In each of 3 years, the proportion of male 
mutillids emerging from tsetse puparia 
was lowest during the summer (10-20 
males / 100 females) and highest during the 
winter (50-60 males / 100 females). The 
reasons for these differences are unknown. 
Heaversedge (1969d) suggested that they 
could be associated either with reduced ac
tivity of the parasitoid in colder weather 
(reducing the probability of male-female 
encounters, and conseq uently increasing 
the number of unfertilized females pro
ducing male progeny), or with some sea
sonal factor affecting the fertilization of 
eggs in the female. When tsetse puparia 
were exposed to M. glossinae in the labo
ratory by Lamborn (1916), 58 males and 
115 females were produced. This suggests 
that under conditions of stress it is possi
ble that fewer eggs are fertilized and ab
normally large numbers of males are pro
duced. 

Natural rates of parasitism of puparia of 
Glossina by M . glossinae have been 
recorded by numerous investigators. Cau
tion has to be exercised in the interpreta
tion of the data: some investigators derived 
their proportions parasitized from the total 
number of puparia collected, others from 
the total insects (tsetse + parasitoids) that 
emerged, all unproductive puparia being 
excluded. Heaversedge (1969b) concluded 
that the latter is the most satisfactory 
method, as it is often difficult to determine 
whether or not a puparium has contained 
a parasitoid. In general, this is a reasonable 
opinion. However, it must also be recog
nized that values derived for percentage 
parasitism in this way will be overesti
mates for some species of parasitoid. Some 
parasitoids (excluding Syntomosphyrum 
spp. but including Mutilla spp. and espe
cially Thyridanthrax spp.) are enclosed 
within the puparium for longer periods 
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than the developing tsetse fly . There will, 
therefore, always be a bias in favour of 
parasitized whole puparia in any one sam
ple. 

In view of these difficulties and marked 
differences in rates of parasitism from year 
to year, season to season, and place to 
place, it is not meaningful to tabulate data 
that have been obtained for M. glossinae. 
However, certain salient features may be 
emphasized. The parasitoid is much less 
widely distributed than Syntomosphyrum 
spp. , although, where it does occur it para
sitizes a much higher proportion of tsetse 
puparia. In Malawi, Lamborn (1915a, 1916) 
recorded rates of 3.5 and 6.3% from 9762 
and 7731 puparia of G. m. morsitans, re
spectively. He bred 41 M. glossinae from 
one small sample of 85 puparia. 

Evidence for seasonal variations in the 
rate of parasitism has been produced from 
Rhodesia . Chorley (1929) found that rates 
of parasitism of weekly batches of at least 
300 G. rn. morsitans puparia were lowest 
in the cold, dry months (0.5% of total 
emergences of tsetse and parasitoids). In 
the hot, dry months the weekly rate was 
never less than 14% and often over 20% 
(42.7% in one week). As the rains began, 
the rate fell to 6-12% and observations 
ceased. Chorley's observations were car
ried out in the Umniati flybelt. Some years 
later, Heaversedge (1969b) obtained rather 
more detailed results from two other areas 
in Rhodesia - Lusulu and Kariba. In both 
areas she found that rates of parasitism 
were generally lowest in both cold, dry 
and hot, dry months and highest in warm, 
wet months (monthly rates varied from 1.9 
to 18.9%). Heaversedge took these studies 
a stage further, recording rates of parasit
ism in different types of breeding sites 
utilized by G. m. morsitans at various 
times of the year. Significantly higher lev
els of mutillid parasitism were consistently 
found in puparia from "out of season" 
sites than from those sites most utilized at 
a particular time of year. This finding was 
almost certainly an artifact, resulting from 
the longer time spent within the tsetse pu
parium by M. glossinae than by the <level-

oping tsetse fly - after the healthy tsetse 
hatched only the parasitized puparia re
mained (Jack 1939). 

Heaversedge (1969a) also obtained data 
on the rate of parasitism of puparia of G. 
pallidipes by M. glossinae. In each of 2 
years, highest rates of parasitism were re
corded in hot, dry months (14% of 838 pu
paria in one year and 11.7% of 273 puparia 
in another). Levels of parasitism by M. 
glossinae were generally lower for G. 
pallidipes than for G. m. morsitans (see 
above), although the puparia were col
lected from the same sites. 

Potential for Use in Biological Control of 
Glossina 

The release of laboratory-reared Mutilla 
into natural populations of Glossina has 
not yet been attempted. Lamborn (1925) 
commented on the low reproductive ca
pacity of Mutilla spp., which may be 
largely attributable to the restrictions of its 
reproductive morphology and to the time 
taken by the immature stages to develop 
(Heaversedge 1969c). Both investigators 
considered that the chances of breeding 
enough mutillids to achieve some measure 
of control of a tsetse population might be 
remote. Certainly a search would be re
quired to determine whether more readily 
available hosts than puparia of Glossina 
might be fully acceptable to Mutilla spp. 

If problems associated with rearing large 
numbers of Mutilla spp. could be over
come, these parasitoids could clearly be
come useful biological control agents. 
They can certainly produce relatively high 
rates of natural parasitism. It has been 
suggested (Nash 1969; IDRC 1974) that it 
might be profitable to introduce M. 
glossinae into West Africa,4 in particular to 
drier regions where breeding by G. m. 
submorsitans is seasonally concentrated 
in restricted vegetation types. 

4 The IDRC is supporting a project along 
these lines with a grant to The Commonwealth 
Institute of Biological Control. 
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Bombyliidae 

Two genera of bombyliids Thyridan
thrax ( = Exhyalanthrax) and Petroro
ssia are recorded as parasitoids (entomo
phagous parasites) of different species of 
Glossina, all from puparia. 

Thyridanthrax5 

Systematics 

This genus of bombyliids includes num
erous species, several of which occur in 
temperate as well as in tropical regions. 
Thyridanthrax spp. do not appear to be 
highly specific, parasitizing not only vari
ous dipterans, but also some acridids. 

Thyridanthrax was first recorded from 
Glossina in 1912 (Lamborn 1915b), when 
R.W . Jack reared T. abruptus from puparia 
of G. morsitans collected in Rhodesia. In 
1913 Lloyd (1916) reared from G. 
morsitans a parasitoid duly described by 
Austen (1914) as Villa lloydi. Subsequently 
transferred to Thyridanthrax (see Hesse 
1956), this bombyliid was also recorded 
from Glossina by Waterston (1915a, b). 
Thyridanthrax spp. were recorded by Aus
ten (1929) from G. morsitans: T. argent
ifrons ( = beckerianus), T. beneficus, T. 
salutaris, and T. transiens. Similar obser
vations were made by Lester (1931) and 
Nash (1933a). There were later records 
from various species of tsetse by Hesse 
(1956), Fiedler and Kluge (1954), and Fied
ler et al. (1954). 

Nearly all these reports are from south
ern or eastern Africa; reports on Thyrid
anthrax from West Africa are scarce. How
ever, Lester (1931) and Taylor (1932) rec
orded T. argentifrons from Nigerian G. 
m. submorsitans, and more recently Gru
vel (1970a, b; 1974a, b) has carried out de-

5 Many of the species of Thyridanthrax have 
recently been transferred to Exhyalanthrax, but 
to avoid still further confusing the issue the old 
name will be used here. 

tailed studies in Chad on parasitism of G. 
tachinoides by T. beckerianus. 

Ten different species of Thyridanthrax 
from Glossina spp. are currently recog
nized: T. abruptus; T. alliopterus; T. 
beckerianus, ( = T. argentifrons); T. benefi
cus; T. brevifacies; T. burtti; T. lloydi; T. 
lugens; T. salutaris; and T. transiens. 
Three other species as yet not definitely 
identified also parasitize Glossina, one 
from Tanzania (under the name T. 
argentiErons) and two from Nigeria. 

Identification of some of these bombyli
ids is difficult, due to individual variations 
that cannot be sufficiently studied because 
of the limited material that is presently 
available. Hesse (1956) wrote: 

"Owing to the remarkable uniformity of 
the colour pattern and arrangement of the 
hairs and scaling in species of this genus, 
as well as the difference in the wing infus
cation between males and females and in
dividual specific variability which certain 
species show, it is very difficult and some
times impossible to distinguish the various 
species and to recognize the subtle specific 
differences which separate them, espe
cially if a long series of any one species be 
not available. This tendency to vary both 
sexually and individually and also specifi
cally has caused confusion of species and 
the redescription of forms , races or varie
ties of some species under different names 
by authors who had only a few specimens 
at their disposal." 

According to Hesse, two Thyridanthrax 
species have been confused under three 
different names: T. abruptus, T. lugens, 
and T. lineus. 

Specimens identified as T. lineus are, in 
fact , males of T. abruptus. Others deter
mined as T. abruptus actually belong to 
other species such as T. lugens. Comment
ing on Hesse's findings, Dyte (in Nash 
1970b) stated that old records of T. lineus 
refer to T. abruptus and that those of T. 
abruptus, other than references by Fiedler 
and Kluge (1954), Hesse (1956) , and Great
head (1967) , probably refer to other spe
cies. 

Gruvel (1974b) commented that T. 
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argentifrons Austen 1929, must by priority 
cede precedence to T. beckerianus Bezzi 
1924. There is still some doubt as to 
whether all specimens referred to earlier as 
T. argentifrons Becker 1910, are not in fact 
T. beckerianus Bezzi . However, for sim
plicity we will consider them synonymous. 
Fran~ois (1972) synonymized T. argenti
fron s and T. argyrolophus (Hesse) with 
beckerianus. This clearly stresses the need 
for an up-to-date revision of the genus 
Thyridanthrax, which Dyte (in Nash 
1970b) has proposed to undertake. 

Distribution 

Except for T. beckerianus ( = argenti
Erons) , recorded from West Africa, all 
other species of Thyridanthrax parasitizing 
Glossina are from East and southern Afri
ca. Perhaps this only reflects the fact that 
comparatively fewer ecological investiga
tions have been undertaken in West Afri
ca. The general geographical distribution is 
evident from Table 2, which also gives rec
ords of Thyridanthrax from different spec
ies of Glossina. This table was compiled 
from a number of sources. It includes 
conflicting records, and cannot be re
garded as entirely accurate. Other sy
nopses are given in Nash (1970b) and Jen
kins (1964). 

Ecology 

Analyses of the incidence of Thyri
danthrax spp. in field collections of 
Glossina puparia have indicated important 
variations between different areas and dif
ferent seasons of the year. 

In 1930, Nash (1933a) reported 74 T. 
abruptus emerging with 764 G. morsitans 
(i.e. 9.7% parasitism) from a collection 
made at Kikori, Tanzania. Figures for T. 
beckerianus ( = argentifrons) are more 
common. Taylor (1932) at Gadau, northern 
Nigeria, reared 47 Thyridanthrax from 
137 346 puparia of G. morsitans (0.27%). In 
the same locality he obtained 694 parasites 
from 106 000 G. tachinoides puparia 
(0.66%). On the other hand, he obtained 

no parasites from 7500 puparia from the 
River Benue area , Nigeria. In Ghana (then 
the Gold Coast) , Simpson (1918) failed to 
find a single bombyliid in a very large 
number of puparia of both G. morsitans 
and G. tachinoides. 

Taylor's observations indicated that par
asitism was highest in the warmer dry 
months, March and April (with up to 2.3% 
parasitism in March), and lowes t in Octo
ber and November after the rains. These 
records most probably refer to T. becker
ianus. Perhaps they are less significant 
than those provided by Gruvel (1975a) in 
Chad , following his 1965-1972 studies of 
the parasitism of G. tachinoides by T. 
beckerianus. Gruvel demonstrated pro
nounced seasonal variation, with fairly 
high parasitism in the warmer months, 
April (25%) and May (17.5%) and lower 
parasitism at other times, e.g. 9% in June, 
and 4% in February and March. Dias 
(1961) in Mozambique found 0.7% parasi
tism by T. lugens in 27 000 puparia of G. 
aus teni. It may be added that Buxton 
(1955) pointed out that very large numbers 
are not in fact necessary to make valid sta
tistical calculations. 

Other Thyridanthrax species from dif
ferent Glossina hosts of southern and 
eastern Africa are mentioned by several 
authors, with somewhat similar degrees of 
parasitism. Chorley (1929) obtained two 
species of Thyridanthrax from 588 of 
7440 puparia of G. morsitans collected 
(7.9%). Nash (1933a) , who examined 5168 
G. morsitans puparia at Kikori , Tanzania, 
found three species of Thyridanthrax at
tacking 310 of them (6%) . In the same gen
eral area (Potts 1933) reported 6.2% parasi
tism, and on a number of occasions 
recorded levels of over 20%. 

Records of particularly high rates of par
asitism may be understood by considering 
both time and space factors in the ecology 
of the host Glossina spp. and their para
sites. Attacks on Glossina puparia are very 
much more likely where: (1) the oviposi
tion sites of Glossina and Thyridanthrax 
coincide; and (2) the tsetse puparia are 
concentrated in restricted sites rather than 
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dispersed over a wide area. Nash's obser
vations also indicate differences in parasi
tism according to vegetation types. In 1928 
and 1929 he obtained 20 and 22% emer
gence of Thyridanthrax from G. morsitans 
collected from areas of the trees Berlinia 
globifera and Acacia usumbarensis, re
spectively. However, the rate fell to 2% in 
1931, and no parasitized puparia were 
found in 1932. Nash attributed this to eco
logical changes at the level of the soil from 
which the collections were made. With re
spect to G. tachinoides in Chad, Gruvel de
scribed several habitat types in which he 
found T. beckerianus. He noted that the 
importance of this bombyliid as a puparial 
parasite is particularly evident in the 
Morelia senegalensis habitats - occupied 
by tsetse from the end of the cool season 
and throughout the hot one. Within the 
major habitat, specific biotopes may differ 
as regards host/ parasite occurrence and in
cidence. 

For G. m. morsitans, Heaversedge 
(1969b) stated that parasitism was higher 
when the puparia were collected during 
the warm season within holes in living 
trees or from animal burrows, than it was 
when collections were made from under 
fallen logs, leaves, or rocks. However, this 
does not apply only to bombyliids. It is 
pertinent to quote Glasgow (1963): 

" It is rarely that one collects a sample of 
puparia and can be sure that it adequately 
represents all the sorts of places in which 
puparia exist; it is therefore always possi
ble that although a given species of para
site is excessively rare in a collection of pu
paria, it may be less rare in puparia 
occurring in other types of site which have 
not been sampled." 

One may say, in general, that the high
est rates of parasitism occur in the hot or 
wet seasons for many host/ parasitoid 
associations in various areas. This was 
noted in southern Africa by Fiedler and 
Kluge (1954) and Fiedler et al. (1954), and 
in Kenya by Hursey (1970). In Chad, Gru
vel recorded 41% parasitism in April 1970. 
On one occasion Chorley (1929), carrying 
out weekly puparial collections in Rhode-

sia , reported that in a total emergence of 
362 Glossina and parasitoids, 
Thyridanthrax comprised 64% of the 
catch. It was therefore, with every justifica
tion that Fiedler and Kluge ranked 
Thyridanthrax among the most important 
parasites of tsetse in Zululand, South Afri
ca. A similar claim may be made for other 
regions. 

One cannot leave this section on the in
cidence of Thyridanthrax in natural popu
lations of Glossina without emphasizing 
the paucity of existing data. Moreover, 
such information as we have is seldom at 
all detailed, since few of the species re
corded have been intensively studied over a 
lengthy period. Also, even in those species 
for which a reasonable amount of infor
mation is available, figures based on thou
sands or even tens of thousands of puparia 
mask variations due to seasonal changes, 
and there is an absence of an exhaustive 
knowledge of the comparative ecology of 
parasitoid and host. 

It is only to be added that these bomby
liids have a much wider range than 
Glossina spp., and are found outside the 
distribution limits of the latter. Several 
general habitat types are described below. 

In Gruvel's studies of T. beckerianus, 
adults were more commonly seen at mid
day from 11:00-15:00 on hot sunny days. 
They fly about 30 cm above the ground, 
moving rapidly up and down with brief 
periods of rest on low-growing plants or 
on the ground. T. abruptus is heliophilous, 
having been observed by Lamborn (1915b) 
on sunlit paths. 

Thyridanthrax adults feed at flowers . 
Gruvel noted that adults appeared at the 
time of flowering of various plants: 
Morelia (February-March); Crateva and 
herbaceous plants (March-May); Mitrag
yna (August-September); and Zizi-
phus and various shrubs (Sep-
tember-November). T. abruptus has often 
been observed feeding at flowers . Lamborn 
(1916) and Nash (1970b), have shown that 
in captivity this species can be kept alive 
on flowers or on split sugarcane for 3 
weeks. However, Gruvel was only able to 
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keep T. beckerianus alive for 1 week when 
feeding the parasitoids on cotton soaked 
with a water solution of sugar and vita
mins. Thus, Thyridanthrax spp. may not 
have very strict feeding preferences, and 
difficulty in breeding them may depend 
less upon nutritional factors than on their 
general habits (mating, oviposition, etc.). 

Data on larval biology and developmen
tal times are available for several 
Thyridanthrax spp. parasitic on Glossina 
(see Heaversedge 1970; Hursey 1970; and 
Gruvel 1974b). The first larval stage is a 
14-segmented planidium, which searches 
for a host, apparently at random. The 
inefficiency of such a method is compen
sated for by the high fecundity of the 
bombyliid female. The planidia do not 
seem to be very specific in their selection 
of a host because Thyridanthrax spp. para
sitize Glossina, calliphorids (e.g. Rhyn
comyia pictifacies, as shown by MacDo
nald (1957)), Orthoptera, and even the bra
conids that are themselves parasites of 
Glossina (Hesse 1956). If, as in the 
bombyliid genus Villa, the planidium 
stage may last for several weeks, then the 
chances of its finding a host are very much 
increased. 

Penetration of the larva into a Glossina 
puparium is dependent on a number of 
factors. Among these is the coincidence of 
oviposition sites of host and parasite, the 
nature of the soil at these sites, the depth 
at which the puparia occur and their den
sity, the number, mobility, and longevity 
of the planidia, and finally, aspects of cli
mate. Usually a single planidium enters a 
puparium by gnawing a minute hole with 
its cephalopharyngeal teeth. If several 
planidia enter the same puparium only 
one develops, its second instar occupying a 
dorsal position in the Glossina puparium. 
This becomes a third-stage larva filling 
the whole puparium. Puparial formation 
then takes place. According to Gruvel the 
puparial stage lasts 11 days in T. 
beckerian us and is very resistant to drying, 
in contrast to puparia of Glossina. In T. 
beckerianus, emerging adults show a sex 
ratio of 1:1 (Gruvel) as in the case with T. 

abruptus, T. lugens, and T. salutaris. There 
are, however, several known instances 
where significantly more females than 
males occurred (Heaversedge 1969d). 

The size of the adult depends on that of 
the host puparium from which it devel
oped. Puparia of G. pallidipes produce 
larger T. abruptus than do those of G. 
morsitans, which are smaller than G. 
pallidipes (Heaversedge 1968a). Similarly, 
within the same host species the size of the 
emerging bombyliid is correlated with that 
of the host puparium (Fiedler and Kluge 
1954; Gruvel 1974b). 

There are no data on longevity of adult 
Thyridanthrax in the field . The length of 
the larval stages varies considerably, de
pending on the species concerned and the 
time of year. Heaversedge (1970), studying 
development of T. lugens and T. salutaris, 
found little change during the course of 
the year - the cycle averaged about 30 
days in the laboratory. For T. abruptus the 
average reached 80 days in November and 
December, but was 30 days in other 
months. Chorley (1929) suggests the possi
bility of a diapause of immature stages of 
T. abruptus within the puparium of G. 
morsitans. Nash (1930) observed a 197-day 
puparial stage before emergence, and Hur
sey (1970) 270-days with T. abruptus. Fied
ler et al. (1954) stated that the puparial pe
riod could exceed by 90 days that of the 
host. There is no information as to the 
causes of such diapause in the immature 
stages. However, the fact that it occurs is 
certainly most important, both from the 
point of view of any accurate determina
tion of percentage parasitism of puparia 
(since times of collection relative to emer
gence of host and parasitoid are impor
tant), and also in order to establish basic 
data related to both laboratory breeding 
and the possibilities of conservation of 
natural enemies when Glossina breeding 
areas are treated with chemical pesticides. 
Indeed, if an insecticide is applied only to 
those areas where Glossina adults rest, and 
if persistence is not excessive, then popu
lations of Thyridanthrax might well be 
able to maintain themselves. There would 
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be an added advantage here, in that the 
area of dispersal of these parasitoids is of
ten wider than that treated against tsetse. 
However, with less selective insecticide ap
plications (e.g. by fixed-wing aircraft or 
helicopter) a Thyridanthrax population 
may well be eliminated, particularly if or
ganochlorines are used (Fiedler et al. 1954). 

Petrorossia 

Two species of this genus P. 
angustibasalis Hesse and P. hesperus 
tropicalis Bezzi are referred to by Heaver
sedge (1968b) as parasitoids of puparia of 
G. m. submorsitans collected in Rhodesia. 

Other Parasitoids 

Hymenoptera 

Chalcididae 

Glossina puparia may be parasitized by 
a number of species of chalcids - see 
Waterston (1915a, b, 1916, 1917), Hegh 
(1929), Ferriere (1935a, b) , Thompson 
(1943), Buxton (1955), Jenkins (1964), and 
Nash (1970b). 

Brachymeria amenocles Walker ( = B. 
varipes Walker) was reared from puparia 
of G. m. submorsitans and G. tachinoides 
in Ghana (then the Gold Coast) by Simp
son (1918). It also occurs in Rhodesia . This 
species appears not to be restricted to 
Glossina, but records of it are rare . Simp
son easily bred several hundred on pupa
ria of 5arcophaga sp. and hence consid
ered the possibilities of using it against 
tsetse. However, its very low incidence in 
the field makes it improbable that this 
would prove successful. 

Waterston (1917) described Dirhinus 
inflexus from the Gold Coast (Ghana), 
where Simpson (1918) had discovered it in 
G. m. morsitans. Another species, D. 
giffardii Sylvestri (well-known from Africa 
in connection with biological control of 

Ceratitis capitata in Hawaii), is recorded 
from three species of tsetse, ( G. brevipal
pis, G. morsitans (in Ferriere 1935a, b) , and 
G. palpalis (in Thompson 1943). 

Haltichella edax Waterson appears to be 
only an incidental parasitoid. Lamborn 
(1915a, b) reared a single example from G. 
morsitans in Malawi (then Nyasaland). 

5tomatoceras micans Waterston and 
other members of the genus are more of
ten recorded than any of the other chal
cids. They are known from Kenya, Tanza
nia, Rhodesia , Mozambique, and even 
Nigeria. Their hosts include G. morsitans, 
G. tachinoides, and G. austeni, but their 
incidence is always low. Nash (1933a) ob
tained a single 5. micans from 5000 G. 
morsitans puparia. Dias (1961) mentions 
5. micans parasitizing G. austeni in Mo
zambique where all parasites together gave 
only 0.7% parasitism. 

5tomatoceras exara tum Waterston has 
been reared from G. morsitans in Malawi 
and is also found in Rhodesia. 5. 
schulthessi is recorded from G. morsitans 
and G. tachinoides (Ferriere 1935a, b) . 

As has been mentioned, parasitism of 
Glossina by chalcidids seems only inciden
tal. 

Eupelmidae 

Eupelmella tarsata Waterston is known 
from G. morsitans in Malawi (Lamborn 
1915b, 1916; Waterston 1916) and in Rho
desia (Chorley 1929). Lamborn , who found 
only four parasitized puparia in 2000 ex
amined, observed that this species could 
act as a hyperparasite of Mutilla glossinae 
in G. morsitans puparia. In an experiment, 
nine Eupelmella females oviposited in pu
paria of nine G. morsitans, all but one of 
which contained cocoons of M. glossinae. 
Twenty-two male and fifty-five female 
Eupelmella emerged. 

Anastatus viridiceps Waterston has 
been recorded from G. morsitans in north
east Rhodesia and from G. austeni in Mo
zambique (Dias 1963). Baldry (1969) reared 
an Anastatus sp. from G. palpalis in north
ern Nigeria on one occasion. Lloyd (1916), 
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in Rhodesia, obtained A. viridiceps from 
four puparia of a collection of 900. From 
each of these emerged adults, mostly fe
males, but Lloyd was unable to breed 
them. 

Diapriidae 

Three species of this family have been 
reared from tsetse: Trichopria capensis 
robustior Silvestri, T. lewisi Nixon, and 
Abrothropia lloydi Ferriere. The first is 
known only from Zululand, South Africa, 
where it was reared in 1922 from G. 
pallidipes. Its presence there was after
wards confirmed by Fiedler and Kluge 
(1954). In Kenya, Lewis (1939) recorded 
parasitism of 45 and 20% by a trichopriid , 
previously determined as T. capensis, in 
collections of puparia of G. brevipalpis and 
G. fuscipleuris, respectively. This same 
parasite was recorded in Kenya from G. 
pallidipes, and was described by Nixon 
(1940) as Trichopria lewisi. 

Although the degree of parasitism given 
by Lewis is high and T. capensis appears to 
be fairly easy to breed, the effect of these 
diapriids on tsetse populations is com
pletely unknown. Moreover, other species 
of Trichopria are known to be hyperpara
sites of tachinids. Therefore, their value is 
potentially negative. 

Bethylidae 

Turner and Waterston (1916) observed 
Prolaelius glossinae, which Lamborn 
(1916) found from G. morsitans in Malawi. 

Braconidae 

A braconid described by Turner (1917) 
as Coelalysia glossinophaga was also re
ported in Ghanian G. m. submorsitans by 
Simpson (1918). 

Cera phronidae 

Conostigmus rodhaini Bequaert is a rare 
parasite of tsetse. Bequaert (1913) obtained 
five females and a male from one pupar
ium out of 400 G. palpalis collected. 

Perilampidae 

Perilampus ruficornis F. ( = P. violaceus 
F.) is known from G. morsitans in Nigeria 
(Ferriere 1935a, b). 

Pteromalidae 

Nasonia vitripennis (Walker) (under the 
name N. brevicornis) was mentioned as a 
parasite of G. morsitans by Rouband 
(1917b), who suggested the possibility of 
its being used against pest Diptera . 

The above Hymenoptera, with few 
exceptions, have been recorded only once. 
While detailed information is admittedly 
lacking as to their role, if any, as control 
agents of tsetse, it is self-evident that they 
cannot exert more than a very minor effect 
because they are only incidental parasi
toids of Glossina spp. and characteristi
cally attack other hosts. The eulophids 
Syntomosphyrum spp., dealt with in a pre
vious section, have certainly attracted 
greater attention as Glossina parasites than 
these other Hymenoptera . 

Acarina 

Although mites are neither insects nor 
parasitoids in the sense that the term is 
used here, this is perhaps the most con
venient place to mention their occurrence 
in association with tsetse. 

There are a number of records of 
Acarina, either as immatures or adults 
from adults of different Glossina spp. Th~ 
exact systematic position of these acarines 
needs investigation. Fain and Elsen (1972a, 
b) furnished data on some mites found by 
them on Glossina adults in Za"ire, and they 
also discussed records by Carpenter (1912, 
1913). Additionally, Fain and Elsen fur
nished original data from Za"ire, recording 
the following from Glossina adults: the 
sarcoptiformes, Afrocalviolia glossinarum 
Fain and Elsen, and A. tsetse Fain and El
sen; species of Histiostoma and Bonomoia· 
and trombidiformes of the families Pyo~ 
motidae, Pymephoridae, and Eriophyidae, 
which were found in small numbers 
mostly on G. E. quanzensis. ' 
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Carpenter (1912) recorded 15 cases of 
parasitism in 9000 adult G. palpalis exam
ined in Uganda. Immature stages of Leptus 
were responsible in all cases. Fain and El
sen (1972b) clearly described four new 
species of this genus as phoretic upon 
tsetse in Zaire (L carpenteri, L. benzalien
sis, L. glossinarum, and L. maringensis). 

Macfie (1913) recorded larval Trom
bidium fro m G. palpalis and G. tachin
oides in northern Nigeria, and Krampitz 
and Persoons (1966) larval Erythraeoidea 
from G. Euscipes in Kenya. 

In Upper Volta , Challier (1971b) found 
hydracarian ectoparasi tes hooked onto the 
body and hairs of adult tsetse. 

These records notwithstanding, it must 
be stressed that the occurrence of acarines 
on tsetse is very infrequent, and that their 
detrimental effect, if any, is uncertain. 

Possibilities of Using Introduced 
Parasitoids 

Quite apart from the parasitoids of 
Glossina spp. which may well be intro
duced from areas of Africa into others 
where they do not already occur, there is 
the possibility of introducing into Africa 
parasitoids from elsewhere. Since Glossina 
only occurs in Africa, such parasitoids 
must obviously be those of other hosts. It 
has been seen from the work already done 
with Syntomosphyrum and to a lesser ex
tent Mutilla , that some Glossina parasi
toids can be successfull y bred on alterna
tive hosts. Would it not be possible 
therefore to find parasitoids of other hosts, 
probably of dipterous puparia found in the 
soil, which would successfully attack 
Glossina puparia in the field? 

Recently (see, for exa mple, Legner and 
O lton 1968), there have been widespread 
searches in different parts of the world for 
natural enemies of synanthropic flies (e.g. 
Mu sca and Stomoxys spp.) for use in bio
logical control. Mass-breeding techniques 
have already been developed for some of 
them , and practical biological control has 

been attempted on several occasions, nota
bly in California, Hawaii, Mauritius, and 
New Zealand . 

The idea of testing some of these parasi
toid species as biological control agents of 
Glossina, together with other possible as
pects of biocontrol , was proposed by Sim
monds in 1969 (unpublished memo
randum). In the present context it would 
certainly seem to be an approach that 
should be pursued vigorously since much 
of the basic research involved in finding, 
identifying, and mass-breeding a number 
of these parasitoids has already been car
ried out. All that remains to be done is to 
determine whether they will accept 
Glossina puparia as hosts, both in the lab
oratory and in the field, and whether their 
biological characteristics (e.g. temperature 
tolerance, longevity, host-finding ability, 
reproductive rate, and development time) 
would enable them to maintain popula
tions in one or more Glossina habitats. 

Several species of such parasitoids of 
Musca, for example, are known from re
gions (e.g. East Africa) where Glossina 
exist. Since they have never been recorded 
as parasitoids of Glossina it is reasonable 
to suppose that they are not suitable as 
biocontrol agents of tsetse. However, there 
are a number of other species (e.g. the sta
phylinid beetle, Aleochara taeniata Erich
son, and the pteromalid wasp, Muscid
ifurax raptor Girault and Sanders) which 
do in fact occur in (South) Africa. Certain 
species of Oirhinus and Spalangia that do 
not occur in Africa, but which are impor
tant puparial parasitoids of muscids, also 
warrant consideration in this regard. There 
should be no difficulty in obtaining and 
testing them. 

Table 5 lists a few muscid parasitoid 
species that might be considered as candi
dates for trial against Glossina. Naturally, 
Glossina's peculiar life cycle would render 
larval or larval-puparial parasi toids of neg
ligible value, since the length of the free 
larval stage is so very short. Puparial para
sitoids on the other hand would be of 
considerable interest, for in Glossina this 
stage lasts appreciably longer than in 
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Table 5 . Pupa rial parasitoids of possibl e inte rest for trial agai ns t Glossina . 

Host 

Musca 5tomoxys Fannia Fannia 
Parasi toid do111estica ca /cit rans femora l is canirnlaris Distribution 

Staphylinidae 
Aleoclrnra taenia ta Erich . + 

Pteromalidae 
Mu scidifurax raptor G ir. & Sa nd . + 

Pachycrepoideus vindemiae (Rond .) + 
Dibrachys cavus Walk. + 
5tenomalus 11111scaru111 L. + 

Trichopriidae 
Trichopria spp. + 

Spa langiidae 
5palangia cameroni Perk . + 

5. endius Wa lk . + 
5. nigroaenea Curtis + 
5. stomoxysiae Gir. 
5. nigra La trei lle + 
5. nigripes Curt. + 

5. simplex Perkins + 
5. /ongepetiolata Boucek + 
5. platensis (Brethes) + 

many other Oiptera. The actual host selec
tion and behaviour of individual parasitoid 
species during oviposition, possibly with 
some species limited only to newly formed 
puparia, may well be a limiting factor as to 
the usefulness of some otherwise suitable 
parasitoids. 

What is now required is the setting up 
of a "testing station" where as many as 
possible of such "potential" Glossina para
sites can be tested , in both the laboratory 
and the field . We need to know whether 
they can attack and develop in Glossina 
puparia, and under conditions simulating 
various Glossina puparial habitats, so that 
some idea may be gained as to how they 
might react if released in the field . Can 
they, for example, locate Glossina puparia 
in the soil, search adequately for puparia, 
withstand the temperatures to which they 
would be exposed, etc.? This would entail 
a great deal of work, with a regular supply 
of puparia of several Glossina spp., before 
any field trials could be considered. Be-

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ + Widesprea d (recorded 
from South Africa) 

+ Widespread 
Europe, America 
Europe 

+ + Widespread (but some can 
also be hyperparasites 
through tachinids) 

+ 

: ~ 
Widespread (incl uding 

+ East and Sou th Africa) 

Puerto Rico 
Europe, North America 

+ + Europe, USSR, 
N. America 

Isra el, South Afri ca 
Eas t Africa 
Argentina 

cause this work would entail routine hand
ling and breeding of a variety of parasi
toid species, one of the CIBC stations 
would be an appropriate location since 
pertinent expertise is readily available. 

Inevitably, some of the parasitoid spe
cies tested in this way will not find Glossina 
puparia suitable hosts, and additional 
work with them would not be called for. 
Others, which attack Glossina puparia 
readily and find them suitable hosts, might 
be further studied to determine as far as 
possible the extent to which they are suita
ble for seeking out and attacking Glossina 
puparia in their natural habitats. Initially, 
the necessary work could be done in the 
laboratory with simulated field conditions. 
Species found promising on all counts 
could become the subject of field trials. 

Bearing in mind the extensive recent 
work on using parasitoids of muscid flies 
in other biocontrol programs, investiga
tions to determine if any of these now 
well-known parasitoid species might prove 
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of value against Glossina could very easily 
be undertaken. In addition, further search 
could be made for parasitoids of other 
Diptera in habitats similar ecologically to 
those of some of the Glossina target 

species. Any parasitoids so found could 
then be subjected to the same screening 
processes.-F.J. Simmonds, A.M. Jordan, 
and S.M. Toure. 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



LAIRD: TSETSE 75 

Pathology 
and 

Nematode Parasitism 

What can go wrong with a tsetse fly? 
Disabling effects can result from all of the 
obvious physical and biological environ
mental factors that challenge other plants, 
animals, and microorganisms throughout 
their lives. Besides obvious effects of 
insufficient moisture and nutrients, expo
sure to abnormal temperatures, physical 
trauma of wounds, effects of chemical pes
ticides, and inconspicuous errors in devel
opment, challenges to life by biological 
agents (predators, parasites, and patho
gens) take a regular toll of tsetse flies and 
other insects. Accounts of the predators 
and parasitoids affecting tsetse appear 
elsewhere in this volume. The microorgan
isms and nematodes that live at the ex
pense of a tsetse fly without contributing 
to the life expectancy of the individual are 
collectively referred to as pathogens 
herein.6 

The pathogens include species of mi-

6 The term "parasite" is more appropriate for 
nematodes and equally appropriate for fungi 
and protozoa. It is not used here to avoid con
fusion with the entomophagous parasitoids of 
tsetse, to which the term " parasite" usually ref
ers in relevant literature. 

croorganisms referable to viruses, bacteria, 
rickettsiae, fungi, protozoa, and nema
todes. Various textbooks and other refer
ence volumes, which can be consulted on 
the subject of microorganisms associated 
with insects and their infectious diseases, 
have been published (Burges and Hussey 
1971; Cantwell 1974; Krieg 1961; Paillot 
1933; Steinhaus 1946, 1949, 1963; Weiser 
1969). 

Insects and microorganisms (including 
nematodes) are found in a variety of asso
ciations, which were described by Stein
haus (1954). 

1. Insects feeding on substrate previ
ously broken down or changed by the 
activity of one microbial species; for exam
ple, yeasts bringing about fermentation of 
grapes in nature, thus providing optimal 
conditions for the developing larvae of 
Drosophila. 

2. Free-living microorganisms, especially 
bacteria and yeasts, serving directly as 
food for insects; e.g. mosquito and fly lar
vae feeding directly on bacteria or proto
zoa present in their environment. 

3. Insects and microorganisms existing 
separately but in a more-or-less common 
or regular association. Insects acting as 
carriers or hosts only occasionally, or 
when specially cultivated microorganisms 
are ingested as food. Examples of this type 
of relationship are the fungus-growing 
ants, and mycetophilous termites and bee
tles. 

4. Insects as hosts to microorganisms 
present commonly in or on the insects. It 
is common to find bacteria on soil-inhabit
ing insects. 

5. Insects as hosts to commensal mi
croorganisms found associated with them, 
in the same manner as Escherichia coli is a 
commensal regularly present in the intesti
nal tract of humans. Certain species of mi
croorganisms are constantly present as 
commensals in the alimentary tracts of in
sects. 

6. Insects as vectors of microorganisms 
pathogenic to animals or to plants. Exam
ples are the mosquito transmission of the 
agents of malaria and yellow fever, and the 
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tsetse-fly transmission of African sleeping 
sickness. 

7 . Insects as hosts to extracellular symbi
otes (i.e. mutualists). These are exem
plified by: (1) the protozoa living in the gut 
of termites and enabling the latter to ob
tain nutriment from ingested wood; and 
(2) the bacteria that regularly inhabit the 
specialized areas of the gut of many in
sects. 

8. Insects as hosts to intracellular symbi
otes (i.e. mutualists); such as the bacteria 
and yeast-like microorganisms regularly 
inhabiting the specialized tissues termed 
"mycetomes," or other tissues of insects. 
These microorganisms are apparently nec
essary for the normal life of the insect, for 
example Glossina spp. 

9. Insects as hosts to microorganisms 
that are semiparasitic upon them, such as 
fungi of the ascomycete order Laboulben
iales that obligately live on the integument 
of insects, or those basidiomycetes (genus 
Septobasidium) that parasitize some indi
vidual insects in a population while benefit
ing other individuals of the same species. 

10. Insects as definitive hosts of micro
bial agents to which they are susceptible. 
In this relationship, the microorganisms 
cause true diseases in their insect hosts. 

An introduction to insect microorgan
ism associations is necessary to appreciate 
the significance of the occurrence of mi
croorganisms detected within or on differ
ent developmental stages of tsetse flies. 

Four principal sources include the refer
ences to the published reports of 
microorganisms and nematodes affecting 
species of Glossina: Buxton (1955); Jenkins 
(1964), a supplement and emendment of 
the latter by Laird (1971); and Roberts 
(1976). Nolan's tsetse bibliography in the 
latter is annotated. 

The references cited in this chapter are 
representative only. They were selected 
from available bibliographic resources and 
concentrate upon publications containing 
experimental evidence to suggest or 
confirm the intimate association of the mi
croorganism or nematode with its host, 
and the consequences of that association. 

Mere mention of the detection of microor
ganisms or nematodes within or upon a 
life-history stage of the tsetse fly without 
evidence of more than an adventitious 
association, are not considered. 

Over many years, efforts have been 
made to isolate microorganisms and nema
todes encountered in the life-history 
stages of tsetse. These efforts have been 
relatively minor by comparison with the 
total investment of labour and other re
sources for the interruption of disease 
transmission by the fly. The initiative and 
dedication of individuals during most of 
the twentieth century, in locations provid
ing research opportunities, have produced 
a series of isolated contributions to our 
knowledge of pathogens. A specific plan 
for action to implement the routine detec
tion, isolation, and review of pathogens is 
required to accelerate the effort. The five
stage review scheme implemented by the 
World Health Organization provides the 
basis for review of potential biological con
trol agents of tsetse (WHO 1975). Sus
tained and coordinated efforts to stimulate 
the detection and isolation of Glossina pa
thogens have yet to be made. However, a 
service is active and productive for the iso
lation and identification of pathogens 
affecting other vectors, through the WHO 
Collaborating Centres administered by 
WHO's Division of Vector Biology and 
Control in Geneva, Switzerland. This exist
ing system could easily be expanded to 
provide adequate coverage for Glossina as 
well. 

Symbiotes 

Wallace (1931) reviewed the results of 
investigations up to and during 1931 on 
the microorganisms found associated with 
Glossina spp. as commensal or mutualistic 
symbiotes, and first illustrated by Stuhl
mann (1907). The hosts recognized were: 
G. palpalis, G. tachinoides, and G. 
brevipalpis. In adults, the bacteria-like 
symbiotes are localized in cells of the ante
rior midgut. The "long bacilli" in the gut 
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of both wild and laboratory-reared flies 
were considered by Wallace (1931) to be 
identical wi th symbiotes described tenta
tively as yeasts by Roubaud (1919). In 
summary, Wallace believed that the then
avai lable evidence was inadequate for 
identification of the symbiotes as ei ther 
bacterial or fungal. Attempts to cultivate 
the symbiotes ( = bacteroids) in vitro with 
complex media , and enriched extracts of 
tsetse gut, either aerobically or anaerobi
cally, were unsuccessful. Hanging-drop 
preparations in 1 % glucose also proved un
satisfactory for culture purposes. 

A generalization made by Wallace, and 
supported by his observations, is that a 
large proportion of field-caught flies had 
the gut empty (due to irregular feeding op
portunities) in contrast to flies from labo
ratory colonies. This condition made dis
section of the intestinal tract difficult, and 
consequently increased the incidence of 
microbial contaminations associated with 
attempts to isolate gut microbiota in situ. 

Feeding bacteria to adult tsetse in a live 
host, or via sheep blood through an animal 
skin, provided evidence that ingested bac
teria can live for up to 30 days in the 
alimentary tract and can be distinguished 
from symbiotes and trypanosomes in the 
lumen. Wallace demonstrated further that 
flies cannot maintain living microorgan
isms in the gut when these are simply con
taminants of their environment, e.g. sur
faces in cages. Thus while G. palpalis 
ingests microorganisms occurring as con
taminants of its physical environment, 
these microorganisms do not survive in 
the gut of the fly despite repeated expo
sure. 

Bacteriolysins resulting from the activity 
of symbiotes can account for the com
monly demonstrated bacterial sterility of 
the insect gut. Wallace recognized this 
possibility, although he felt it "admittedly 
unlikely, that they (the symbiotic bacter
oids) may have a constant adverse action 
on trypanosomes" and other microorgan
isms. Wallace, however, speculated that 
such an effect may be a reason for the low 
percentage of Glossina becoming " in-

fected" (and, in due course, effective 
vectors) when fed on an animal parasitized 
by trypanosomes. Experiments by Wallace 
in which bacteria were experimentally in
troduced into fli es appeared to demon
strate inhibition of trypanosome activity. 
One question does arise, however: If bac
teriocidins are active against bacteria in
troduced into fli es fro m the environment, 
e.g. surface contaminants, why do bacteria 
introduced with blood meals remain alive 
up to 30 days? Three out of five experi
ments, each involving 50 laboratory-reared 
fl ies, led to the disappearance of bacteria 
within 10 days. The experiments were be
lieved by Wallace to involve too few flies, 
considering the va riety of factors influ
encing the success of laboratory mainte
nance. 

Wallace (1931) conducted studies with 
G. palpalis that, in contrast to G. 
morsitans, appears to be less affected in 
labora tory culture by bacterial contamina
tion . Rodhain et al. (1913) were reported 
by Wallace to specify that the apparatus 
used for membrane-feeding G. morsitans 
must be free from contaminating bacteria, 
which are known to multiply in the gut 
and cause the death of the fli es. 

Sensi tivity of G. morsitans to microbial 
contamination was reported by Wetzel 
and Bauer (1975). According to these re
searchers an alternative to aseptic (gnoto
biotic) feeding of flies is the use of oxytet
racycline at 25 ppm in defibrinated blood. 
The antibiotic is necessary to prevent a fa
tal bacterial infection characterized by me
lanized abdomens. The unacceptable con
sequence of the antibiotic therapy was a 
reduction in fly fecundity. Follicular devel
opment is inhibited if the follicle is less 
than one-fourth "mature size," whereas, 
larger follicles or intrauterine larvae are 
unaffected. If the oxytetracycline is admin
istered up to 7 days after emergence a· 90% 
reduction in fecundity results. Administra
tion to fli es 20-30 days after emergence re
duces fec undi ty by 50%. 

Adult female G. morsitans have been 
similarly subj ected, via injected host rab
bits, to treatments with streptomycin sul-
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fate, penicillin G, chloramphenicol, and 
polymyxin. This resulted in a subsequent 
loss of fecundity that was correlated with 
loss of symbiotes (Hill et al. 1973). These 
investigators also subjected larvae (third 
instar) to a range of antibiotic powders at 
pupation sites. Although the results were 
not conclusive, reduction of symbiotes was 
claimed to result from absorption of anti
biotics through the larval integument. 

Pertinent to the experiences of Hill et al. 
(1973) and Wetzel and Bauer (1975) is the 
description of bacteria from the milk gland 
of G. m. morsitans. These are considered 
to be symbiotic microorganisms (Ma and 
Denlinger 1974). Similar observations have 
been made for G. austeni, G. longipalpis, 
and G. pallidipes. Ma and Denlinger stated 
that on the basis of morphological differ
ences between the described milk gland 
bacteria, and the early observations cited 
above (Wallace 1931) " .. .it is not possible 
to reject the hypothesis that the fimbriated 
bacteria represent the free-living form of 
the intestinal bacteroids." 

In the opinion of Huebner and Davey 
(1974), the bacteroids demonstrated in the 
ovaries of G. austeni provide evidence of 
transovarian transmission of symbiotes. 
The investigation suggested " ... an alterna
tive or parallel mechanism" for transmis
sion of bacteroid symbiotes " ... from one 
generation to the next. .. " without " .. . the 
externalization of the bacteroids into the 
lumen of the milk gland and their subse
quent penetration into the cells of the gut 
of the larva." 

The role of the symbiotes, which are 
generally accepted as bacteria-like, ap
pears to be mutualistic. Their contribution 
to each of the life-history stages of tsetse 
can be extrapolated from results of investi
gations with mutualistic symbiotes in 
other insects. Nogge (1974) attempted to 
compensate for the loss of symbiotes by 
giving vitamin supplements, following the 
cleansing of flies of their symbiotes, either 
by means of oral treatments or injections 
of lysozyme. 

Investigations dealing directly with sym
biotes, and the influence on tsetse of mi-

croorganisms in the flies' environment, 
suggest the following conclusions: 

(1) microorganisms can be introduced 
into the gut of adult tsetse via living hosts 
or membrane feeding; 

(2) species of Glossina differ in their sen
sitivity to microorganisms contaminating 
blood meals from living hosts or mem
branes; 

(3) microorganisms introduced into the 
fly during blood feeding can live in the gut 
for 10-30 days; 

(4) bacteria from a contaminated physi
cal environment cannot be successfully in
troduced to the gut of tsetse flies; 

(5) the tsetse gut is generally sterile ex
cept for the presence of intracellular 
bacteria-like symbiotes, and organisms 
ingested with blood meals; and 

(6) antibiotic or lysozyme treatments ad
versely affect the fecundity and the intra
cellular symbiotes of individual flies. 

Bacteria and Spirochaetes 

Circumstantial evidence from Wallace 
(1931) and Wetzel and Bauer (1975) (see 
Symbiotes) indicates a greater susceptibil
ity of G. morsitans than G. palpalis to bac
terial contaminants7 of mass-rearing appa
ratus. Although precise information on the 
microbial species investigated is not avail
able to confirm this generalization, the re
ports of Roubaud and Treillard (1935, 
1936) provide supporting evidence. A coc
cobacillus isolated from puparia of G. 
morsitans and described as Bacterium 
mathisi by Roubaud and Treillard (1935) 
was shown to be lethal for adult tsetse fol
lowing apparent ingestion during feeding. 
Exposure took place when the hair and 
skin of guinea pigs were contaminated with 
the bacterial suspension. Further efforts to 

7 Many species-identifications of such sapro
phytes were published by Nobre and Santos 
(1970) and Oliveira and Nobre (1970). The gen
era concerned are footnoted on p. 146 (ed) . 
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isolate G. mathisi from G. palpalis or to 
demonstrate its lethality for G. palpalis 
failed. Wallace (1931) had already demon
strated that bacteria may only be ingested 
by G. palpalis when incorporated in the 
blood-feeding system. 

The technical inadequacy of investiga
tions with B. mathisi may be only one ele
ment contributing to the practical failure 
of this microorganism. In addition to the 
failure with G. palpalis, inconclusive evi
dence of the pathogenicity of B. mathisi 
resulted from its preliminary screening for 
activity via ingestion by Musca domestica, 
Culex pipiens, Aedes (Stegomyia) sp., and 
Aedes aegypti. Isolates of B. mathisi were 
not maintained for future study. 

Wallace (1931) identified as Bacterium 
prodigiosus a microorganism pathogenic 
when fed to G. palpalis in blood. The mi
croorganism used, which is now believed 
to have been Serratia marcescens, was " . . . 
isolated from a brown iridescent scum on 
the surface of water in the Botanic Gar
dens, Entebbe (Uganda)." This is a superb 
example of serendipity in insect pathology, 
recognized and recorded by Wallace the 
microbiologist. Isolates were not retained 
for pathogen investigations, but Wallace 
did mention that individual flies became 
"fragile" when infected with the bacteria. 

The infrequent observations, detection, 
and isolation of bacteria from Glossina are 
due to individual scientists who, without 
sustained support for their initiative, re
corded the association of bacteria with 
tsetse life-history stages. In recent years, 
Rogers (1973) described bacteria-like mi
croorganisms in the spermathecae of unin
seminated female G. pallidipes from field 
populations in Uganda, whereas Gruvel 
(1970a) has reported Bacillus sp. from pu
paria of G. tachinoides in Chad. 

The rediscovery and isolation of 
Gruvel's Bacillus sp. could provide the ini
tiative for development and review of a 
microbial agent in the WHO five-stage sys
tem (p. 160-164). Success in the evalua
tion of species and strains of Bacillus for 
vector control is exemplified by the activi
ties of Singer (1973). The importance of 

having a formal procedure for detection, 
isolation, identification, and development 
of an invertebrate pathogen provides the 
opportunity for developing an industrial 
incentive for its mass propagation. 

Singer (1973) and Briggs (1960) both in
vestigated bacteria pathogenic for certain 
groups of Oiptera. As bacterial pathogens 
of tsetse become available to be considered 
for development, investigators must pro
vide opportunities for screening additional 
dipteran bacterial agents (such as those 
isolated by Singer 1973 and Briggs 1960) or 
their metabolic products against tsetse. In 
this connection, one of the saprophytes 
listed by Nobre and Santos (1970) from G. 
morsitans and from contaminated blood 
used in their artificial feeding was the 
well-known candidate microbial control 
agent, Bacillus sphaericus. 

Spirochaeta glossinae Novy and Knapp, 
from the gut of G. palpalis, is listed under 
the emended name of Borrelia glossinae in 
Jenkins (1964). 

Fungi 

The reports of fungi associated with 
tsetse, published up to the report of Vey 
(1971), are consistent in not providing iden
tification of the fungi nor evidence of their 
pathogenicity. However, Oliveira and No
bre (1970) isolated fungi of four genera 
(Candida, Cryptococcus, Torulopsis, and 
Rhodotorula) from the integument of nor
mal G. morsitans adults fed on guinea pigs 
in the Lisbon colony. 

Madie (1916) reported an undetermined 
fungus from G. palpalis, in Ghana. The 
mycosis affected adults, hyphae being de
tected within the abdomen. G. palpalis 
adults were reported infected by an uni
dentified phycomycete in Tanzania, but 
investigations beyond the recognition of 
this mycosis were not continued due in 
part to pessimism concerning its utility 
(Swynnerton 1936). Adult G. morsitans 
collected in Tanzania during comprehen
sive ecological investigations by Nash 
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Sporocysts and free sporozoites of Hepatozoon pettiti from oocyst in haemocoel of adult G. pal
palis caught at Akerri, Nigeria, late July 1975 (M. Dickson). 

(1933a), proved to be affected by an un
identified phycomycete. He concluded that 
the mycoses are less important as a popu
lation-regulating factor, than other more 
substantial causes of tsetse mortality in 
rainy periods. Adult females of G. 
morsitans were found to be subject to an 
unidentified fungus in Nigeria, where ap
proximately one-third of field-collected fe
males were affected in the wet season (Les
ter 1934). Lester also reported an uniden
tified fungus affecting some 10% of the 
field-collected G. tachinoides females . 

An "unidentified phycomycete" was 
also reported from the abdomen of adult 
G. brevipalpis, captured in the Somali Re
public by Moggridge (1936), who noted 
that the organism resembled one causing 
mycoses in Tanzania. 

Vey (1971) recently showed that two 
mycoses affecting puparia of G. Fusca 
congolensis in the Central African Repub-

lie are due to Absidia repens and 
Penicillium lilacinum. Both fungi being 
commonly isolated from soil, Vey consid
ered them to be normally present in natu
ral larviposition and puparia-formation 
sites. Infectivity studies confirmed that 
Vey's fungi are primary pathogens and not 
merely contaminants of wounds. 

Protozoa 

Biologists engaged in tsetse research are 
primarily occupied with the disease-caus
ing protozoa (Trypanosoma spp.) transmit
ted by Glossina; consequently, the fact 
that only a few protozoan parasites have 
been detected is surprising. 

The protozoan order Microporida has 
been recorded from a wide range of ar
thropods, especially insects, whenever sus-
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tained efforts have been made to detect in
sect pathogens. These protozoa are 
particularly evident among insect colonies. 
Although microsporidans have not been 
described from tsetse life-history stages, it 
is submitted that they are likely to be 
found in these insects. 

Thiroux (1910) described Haemo
gregarina pettiti from crocodiles. Of the 
subsequent records, most concern the 
widespread Crocodilus niloticus, but 
Theiler (1930) reported what appeared to 
be two different species of these parasites 
from crocodiles of two other genera in 
Liberia. Chatton and Roubaud (1913) rec
orded the presence of Hepatozoon-like 
haemogregarines in the haemocoel of four 
of 465 "wild" Glossina palpalis from Da
homey (The Peoples' Republic of Benin), 
and Macfie (1916) made a similar observa
tion from the same insect at Accra, Gold 
Coast (Ghana), about 3% of his flies being 
parasitized. Hoare (1932a, b) elucidated 
the life-history of Thiroux' organism, and 
transferred it to Hepatozoon. 

Hoare (1932a) provided detailed infor
mation on the stages of Hepatozoon pettiti 
(Thiroux) in the haemocoel of Ugandan 
G. palpalis (as present in one of a number 
of individuals fed on an infected C. 
niloticus 20 days before). Oocysts, sporo
cysts, and sporozoites were present. In 
1975, the tsetse stages of a haemogregarine 
comparing in every way with those illus
trated by Hoare (1932a) were discovered 
by K. Riordan in a "wild" G. palpalis cap
tured at Akerri, Nigeria. The fly was the 
first in which such an infection was noted 
out of some 10 000-12 000 examples care
fully dissected in surveys conducted for 
the Nigerian Institute of Trypanosomiasis 
Research (NITR) over a period of several 
years . Figures, herein, illustrate the oocyst, 
sporocysts, and sporozoites of the Nigerian 
parasite, which is considered referable to 
H. pettiti. 

Contrary to what is commonly regarded 
as the normal behaviour of tsetse trypano
somes, one of these flage llates was ob
served in Liberian G. palpalis and G. 
pallicera only in the midgut, hindgut, and 

haemocoel (Foster 1963, 1964). Its inci
dence was approximately 4% in the former 
fly, and 12% in the latter. It was not de
tected in G. Fusca or G. nigrofusca. The 
organism's identity was not established, 
but it exhibited similarities to the tsetse
bome Trypanosoma grayi (Novy and 
Knapp 1906), the blood stages of which oc
cur in crocodiles. 

Mshelbwala (1972), working with 
Trypanosoma brucei Plimmer and Brad
ford, (strain 36/20) at Yorn, Nigeria, estab
lished infections in G. tachinoides, G. 
morsitans, and G. palpalis. All these flies 
emerged in the laboratory from field-col
lected puparia. Subsequently, 30 of 890 G. 
tachinoides, 9 of 331 G. morsitans, and 1 of 
64 G. palpalis proved to have both mid
gut-form tryptomastigotes8 and salivary
gland-form metacyclic trypanosomes in 
the haemocoel of the thorax and legs. 
Some of the flies were demonstrated to be 
infective to mice, but adverse conse
quences (if any) to the tsetse themselves 
were not reported . Otieno {1973) subse
quently showed delayed morphogenesis in 
T. brucei from the haemolymph of 2 of 36 
parasitized G. morsitans, declaring "that 
the two environments, namely the haemo
coel and the gut of the tsetse fly, have dif
ferent survival values for this organism." 
He further submitted that "the invasion of 
the salivary glands through the haemo
lym ph is a more reasonable hypothesis 
than the hitherto accepted theory," a view 
that Baker et al. (1975) have since support
ed. Finally, in a synopsis of in vitro growth 
of trypanosomes in tsetse tissue cultures, 
Cunningham (1975) pointed out that 
"comparable tissues from nonhaemato
phagous Sarcophaga, a dipteran closely re
lated to Glossina (proved) capable of sup
porting the growth of (tsetse) 
trypanosomes." This affinity might well 
have interesting implications for studies of 
entomopathogens of Glossina. 

Although none of the above reports fur
nish evidence of pathogenicity of these 
haemocoe lic flagellates and sporozoans for 
tsetse, the term "infection" is used by the 
authors in the sense of the organisms de-
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veloping within and at the expense of their 
vectors. It is thought probable that any 
protozoan that penetrates the gut wall into 
the haemocoel, and subsequently reenters 
the upper part of the digestive tract prior 
to being injected into the vertebrate host, 
causes some measure of harm to the inver-
tebrate digestive tract. ' 

Investigators handling these insects 
should always be alert to the possibility of 
encountering not only trypanosomes and 
haemogregarines, but also such widely oc
curring entomopathogenic protozoa as 
Microsporida. Although the use of proto
zoa as biocontrol agents is so far only 
modestly developed, it should be noted 
that Henry (1975) and his co-workers are 
making encouraging progress in large
scale field trials of a microsporidan against 
rangeland grasshoppers in Montana, USA 
(see p. 184). Allowance for a role for proto
zoan infection is thus a factor to be consid
ered in the construction of future life ta
bles for Glossina spp. 

Viruses and Rickettsiae 

Virus-like particles have been described 
from the cytoplasm of salivary glands of 
adult G. m. morsitans (Jenni 1973) and 
from the nuclei of midgut epithelial cells 
of G. f. fuscipes (Jenni and Steiger 1974). 
Flies of both species were reared at the 
Swiss Tropical Institute, Basel, Switzer
land, from puparia from Tanzania (G. m. 
morsitans) and Uganda (G. f . fuscipes). 
The salivary-gland particles were also 
identified at the East African Trypanoso
miasis Research Organization (EA TRO) 
laboratories at Tororo, Uganda, from G. m. 
morsitans reared from Tanzanian puparia. 
Jenni and Steiger (1974) found virus-like 
particles in "practically all nuclei of the 
midgut epithelium," the masses increasing 

8 While this was being prepared , Evans and 
Ellis (1975) reported the penetration of midgut 
cells of G. m. morsitans by T. brucei. 

in size with the age of the flies (between 
days 20 and 30). After examining "weak" 
adults, Jenni and Steiger speculated that 
the presence of the particles might be re
lated "to the high mortality of young G. 
fuscipes (within 10 days after emergence) 
and to the low emergence rate observed." 
Transovarial transmission was suggested 
by Pell and Southern {1975a) and later 
demonstrated (Pell and Southern 1975b). 

Intracellular rickettsia-like organisms 
have been described in: midgut epitheli
um; cells associated with the fat-body; devel
oping oocytes; and in association with 
muscle cells in adults of G. brevipalpis, G. 
fuscipes, G. morsitans, and G. pallidipes 
(Reinhardt et al. 1972; Pinnock and Hess 
1974). The flies were from Uganda and 
Tanzania (courtesy of EATRO) and the 
Tsetse Research Laboratory (University of 
Bristol). These rickettsia-like organisms 
were present in a minority of the insects or 
tissues examined. However, their occur
rence is suggested to be associated with 
"lytic" zones surrounding them, and host 
cell "disruption and degeneration" (Pin
nock and Hess 1974). Working with Bristol 
G. morsitans, Southwood et al. (1975) es
tablished in vitro cultures of a midgut 
rickettsia-like microorganism, the pleo
morphism of which suggested that the 
bacteroids described from ovaries of G. 
austeni by Huebner and Davey (1974) 
might be one and the same organism. 
Most importantly, Southwood et al. 
showed that the organism was sensitive to 
antibiotics and that tsetse are dependent 
upon it, opening the possibility of apo
symbiotic control of Glossina for example, 
"administering" antibiotics to peridomes
tic tsetse populations via pigs). 

Nematodes 

Leiper (1910) described a nematode 
found by A. Gray in the body cavity of an 
adult G. palpalis ( = G. f. fuscipes) in 
Uganda. This immature mermithid, which 
was about 75 mm (3 inches) long, was 
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probably the first nematode ever recorded 
as parasitizing a tsetse fly. Minchin (Lloyd 
1912a, b) found a single mermithid in an 
adult G. palpalis in Uganda, whereas Lloyd 
reported that G. morsitans is a host for 
these worms. Carpenter (1912}, again in 
Uganda, found "a minute larval 
nematode" in the gut of a laboratory-bred 
specimen of G. palpalis. No identification 
was given, but his drawing shows the 
worm to resemble a young larval mer
mithid. 

Carpenter (1913} later reported finding 
four parasitized flies of the same species, 
each containing a single worm. All these 
nematodes were located in the abdominal 
cavities of the flies, which were not be
lieved to be inconvenienced by the pres
ence of the worms (one of which was 
about 50 mm (2 inches) long). Carpenter 
did not identify the worms beyond calling 
them adult helminths, nor did he state the 
season of capture of the infected flies. Al
together about 1000 flies were dissected. 

Lloyd (1912b}, in Northern Rhodesia 
(Zambia), encountered five mermithid 
nematodes in G. morsitans - probably G. 
m. morsitans Westwood 1850 (see Ma
chado 1970}. The first specimen was found 
in a tube in which tsetse (and possibly 
other insects?) had been stored. The other 
four were found during the dissection of 
about 300 flies . One worm was in a female 
fly, which had been in captivity for 10 
days, one was in a male fly, and the re
maining two were in a single male cap
tured 19 days previously. All the nema
todes were found during February and 
early March, near the end of the wet sea
son. 

Four parasitized specimens of G. morsi
tans - G. m . centralis Machado 1970 -
were reported by Rodhain et al. (1913} in 
Katanga (now part of Zaire}. Two of the 
flies were captured in the field; the others 
were laboratory-bred specimens fed on 
goats. Each fly contained a single worm, 
defined as a larval Mermithidae. The two 
longest examples measured 28 and 40 mm. 

Mermithid nematodes were also found 
in adult G. morsitans in Tanganyika (now 

part of Tanzania} by Thomson (1947}. It is 
not possible from the available data to de
cide whether the host was G. m. morsitans 
Westwood or G. m. centralis Machado. 
Three worms were discovered, in three 
presumably adult tsetse, during dissection 
of "some 1500" flies caught in the wet sea
son. Their average length was 79 mm and 
all were located in the host's abdominal 
cavity. Thomson considered that the pres
ence of such large nematodes would have 
seriously affected the flies. 

The most recent report from Uganda is 
that of Moloo (1972}. During dissection of 
5000 examples of G. fuscipes, G. pallidipes, 
and G. brevipalpis, one male of the last 
species was found to harbour two nema
todes. The worms, described as members 
of the Mermithidae, were in the fly's ab
dominal haemocoel. One worm measured 
86 mm in length. Moloo stated that the 
parasites probably affected the fly's feed
ing behaviour. 

The first record of mermithids in West 
African tsetse flies was that of Foster 
(1963}, who found 15 infected flies out of 
4001 specimens of G. palpalis dissected in 
Liberia. One fly, a male, contained two 
worms. The others, nine males and five fe
males, each contained one worm. All the 
infected flies were caught during wet sea
sons. The nematodes were all found in the 
abdominal cavity of the host and ranged in 
size from 32 to 95 mm. Challier (1971b) 
reported a mermithid (under the group 
designation" Agamomermis'') from G. tach
inoides in Upper Volta. 

Mermithids were found in adult tsetse 
of three species, G. palpalis, G. Jongipalpis, 
and G. m. submorsitans, collected from 
four areas in Nigeria. The northernmost 
area, Gamagira, is situated in the North 
Guinea Savannah (Keay 1949}. The other 
three, Guni, Akerri, and Abuja are in the 
South Guinea Savannah. After capture, 
the flies were kept in small net-covered 
cages and fed daily on chickens. Once 
weekly, all remaining live flies were sent to 
the laboratory (NITR, Kaduna) for dissec
tion. Male and female tsetse were dis
patched in separate containers. 
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Table 6. Incidence of parasi tiza tion by mermithids of Glossi11n in N igeria 
(number of fli es pa ra siti zed / number examined) . O ri gina l da ta , K. Rio rda n. 

G uni Akerri Ga magira Abuja 
/1mgipnlpis pnlpnlis pn lpn/i,; 11J()r:.:; i ta11:.:; - ptl!pt1/i,; 

male female male female male female male female iemale 

1972 
April 0 (80) 
May 0 (21 ) 0 (44) a4 (70) d4 (101) 0 (154) 0 (63) 
June 6 (264) 0 (46) 4 (11 0) 1 (21 8) 0 (21) 0 (222) 0 (140) 0 (249) 1 (176) 
July 0 (1 55) 0 (157) 0(103) 1 (331) 0 (363) 0 (64) 
August 0 (265) 1 (193) 0 (99) 
September 1 (138) 0 (121) 1 (387) 1 (286) 0 (85) 
O ctober 2 (1 25) 1 (161) 0 (260) 0 (359) 0 (252) 
November 0 (83) 0 (54) 0 (139) 0 (1 59) 0 (271) 
December 0 (141 ) 71 (167) 0 (105) 0 (38) 0 (229) 

1973 
January 0 (37) 0 (11 9) 0 (168) 
Februa ry 0 (145) 0 (10) 0 (145) 0 (62) 0 (91) 0 (11 8) 
March 0(58) 0 (20) 0 (25) 0 (93) 0 (81) 
April 0 (397) 0 (5) 0 (153) 0 (41) 0 (265) 0 (50) 
May 0(63) 0 (121 ) 0(84) 0 (18) 0 (135) 0 (24) 
June 2 (1 64) 4(100) 1 (11 7) 0 (34) 0 (152) 0 (40) 
July 1 (123) 6 (171) 0 (110) 0 (107) 0 (147) 
August 0 (46) 

Totals \} 2 (1 923) 0 (262) 20 (1393) 6 (1402~ '-9 (73) 2 (2723) 0 (374) 2 (2534) 1 (42~ 
v 

\..38 (4980) 

a Includes in each case one postparasiti c mermith id larva. 

For female flies the dissection procedure 
was designed to reveal the presence of 
trypanosomes and to permit assessment of 
physiological (reproductive) age by the 
method of Saunders (1960c) and Challier 
(1965). This involved full dissection of the 
abdomen. Any nematodes present were 
thus immediately seen. For males, the pro
cedure was designed solely to reveal nem
atodes by abdominal dissection. A few 
heads and thoraxes were also dissected, 
without any nematodes ever being located. 

From April 1972 to August 1973, 11108 
adults of the three species of tsetse were 
dissected. Mermithids were found in 41 
flies, and two more were found free in the 
containers used to transport the flies . A 
total of 51 immature nematodes was detec
ted. The geographical and seasonal inci
dences of parasitization are given in Table 
6. Guni was a locality of particularly high 
incidence, both species of tsetse occurring 
there being affected. The wet season in the 

v 

5 (6128y 

43 (111 08) 

Guinea Savannah zone lasts from approxi
mately April to October, starting later and 
ending earlier in the north than in the 
south. All infected flies (with one possible 
exception) were caught during wet 
months. The possible exception - a G. 
palpalis from Guni, December 1972 (worm 
No. 20 in Table 7) - had died and started 
to decompose before being dissected. 
What appeared to be the remains of a 
nematode were found, but identification 
was not certain. All the other worms were 
intact and usually alive. At Guni, male G. 
palpalis were more often parasitized than 
females. Thirty-five flies (26 males and 9 
females) contained one worm each, four 
flies (three males and one female) con
tained two nematodes each, and two flies 
(both male) contained three nematodes 
each. There is no obvious or constant di
fference between the ranges of size of the 
worms found in male and female flies nor 
between those from the three tsetse spec-
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LAIRD: TSETSE 85 

Table 7. ematodes fo und in male tse tse fli es from Guni (original data K. Ri ordan). 

Host fl y Nematode 

Worm Date Length Diameter 
0 . caught Species (mm) (mm) 

.n r 28May1972 
55 0.21 

pa/pa/is 50 0.20 
90 

5 5 June 1972 pa/pa/is 57 0.32 

~ ~ 125 0. 15 
5 June 1972 /011gipalpis 39 0. 15 

~ ~ 6June1972 /011gipa lpis 140 
25 

10} { 63 0.30 
11 11June 1972 pal pa/is 38 0.27 
12 78 0.32 

13 ~ 11June 1972 /011gipalpis i57 
0.22 

14 50 
15 12Sept1972 lo11gipalpis 8 0.10 
16 8 Oct1972 /011gipalpis 25 0.22 
17 16 Oct 1972 pa/pa/is 84 0.20 

18 ~ 29Oct1972 hmgipalpis i 5~ 0.37 
19 0. 16 
2ob Dec 1972 pa/pa /is 

21 ~ i 25 0.16 
22 16 June 1973 pa/pa/is 19 0.16 
23 16June1973 lu11gipalpis 25 

24} r 0.22 
25 

pa/pa/is 
38 0.22 

26 24JunP 1973 31 0.20 
27 0.20 

28 ~ 
29 29 June 1973 pa/pa/is i 36 

11 
30 4July1973 pa/pa/is 46 0.16 
31 5 Jul y 1973 la11gipalpis 57 0.20 

32} { 62 0.22 
33 10 Jul y1973 pal pa/is 41 0.20 
34 41 0. 16 
35 15 Ju ly 1973 pa/pa/is 27 
36 20 Ju ly 1973 pa /pa/is 48 0.32 

37} { 46 0.16 
38 31July1973 pa/pa/is 53 0.22 
39 49 0. 16 

a Postparasitic larva found free in container. 
b Doubtful record based on possible relic in decomposed fly . 

ies (Table 7 and 8}. In two instances where and included some very short specimens. 
flies contained two worms each, the worms Generally, however, they were of the same 
in the same host were markedly different order of size as those described from tsetse 
in size (No. 18 and 19 in one fly, and No. by previous authors. For infected female 
41 and 42 in the other) . flies (Table 6} there was no cor_relation be-

The mermithids varied greatly in size tween fly age, assessed by evidence of the 
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Table 8. Nematodes found in female tsetse flies from Guni, Akerri, Abuja, and Gamagira 
(original data K. Riordan). 

Host fly 

Worm Date 
No. caught Locality 

40 22May1972 Guni 
41 23May1972 Guni 
42 23May1972 Guni 
43 30May1972 Guni 
44a 30May1972 Guni 
45 5June1972 Guni 
46 25June1972 Guni 
47 1Aug1972 Akerri 
48 19 Sept 1972 Akerri 
49 25 June 1972 Abuja 
50 5Aug1972 Gamagira 
51 15 Sept 1972 Gamagira 

a Postparasitic worm found free in container. 

number of ovulations, and the size of the 
contained nematode(s). The longest worm 
(No . 46) was in a young fly; the next long
est (No. 48) was in a much older fly . Three 
old flies contained short worms (No. 45, 
47, and 50). All the nematodes found in
side flies were loosely intertwined with the 
internal abdominal organs. There was 
never any attachment between a worm 
and any of the host's organs. 

The two worms (No. 4 and 44, Tables 7 
and 8) found free in the containers were 
presumably postparasitic larvae that had 
emerged from flies being transported. In 
the case of worm No. 4 a recently dead 
tsetse was found in the container. This fly 
had a large hole in its ventral abdominal 
body wall, through which the nematode 
had obviously emerged. 

It was not possible to identify parasi
tized Glossina by external examination, 
nor, on dissection, could any abnormality 
of the internal organs of the host be seen. 
Of the 10 infected female tsetse only two 
had developing progeny in utero. One of 
these had an egg in the uterus and showed 
evidence of four previous ovulations. The 
other contained a nearly full-grown larva 
and had ovulated three times. Of the re
maining eight flies, three had not ovulated 
and five had ovulated from one to five 
times. 

Nematode 

Age Length Diameter 
Species (days) (mm) (mm) 

pa/pa/is 20 70 
pa/pa/is 10 5 
pa/pa/ is 10 30 
pa/pa/is 10 25 
pa/pa/is 70 
pa/pa/is 50 27 0.16 
pa/pa/is 10 108 0.32 
pa/pa/is 50 46 0.22 
pa/pa/is 55 79 0.20 
pa/pa/is 30 
morsitans 40 6 0.11 
morsitans 30 63 0.16 

Specimens were sent to Dr W.R. Nickle 
of the Agricultural Research Service, 
United States Department of Agriculture, 
Beltsville, Maryland. He confirmed that 
they were mermithids, but could not pro
vide a more complete identification, due to 
the absence of adult forms. These are the 
first reports of mermithids as tsetse para
sites in Nigeria. The absence of earlier rec
ords is somewhat surprising, because three 
tsetse species, from four widely separated 
localities, were found to be infected. Larval 
nematodes from Nigerian Glossina more 
recently given to Nickle by B.A. Matanmi 
have been reported by the former (per
sonal communiation to ed) to resemble 
terrestrial mermithids of the 
Mermis-Hexamermis type, which often 
take 60-90 days to become adults in the 
soil. 

The stage and site at which tsetse be
come infected by nematodes remain un
clear. Specimens were found in labora
tory-bred flies by Carpenter (1912) and 
Rodhain et al. (1913). In explaining such 
cases, Foster (1963) suggested that nema
todes were present in the moist earth over 
which puparia and flies may have been 
kept, and that they entered newly emerged 
flies. Moloo (1972) proposed a similar 
mode of entry. Most cases of infection, 
however, have involved wild tsetse. Foster 
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(1963} suggested that it is the resting adult 
flies that are usually penetrated by mer
mithids that have wriggled up vegetation. 
In support of this, he pointed out the sea
sonal nature of infestation, arguing that 
nematodes are absent from dry-season 
tsetse resting-sites. 

The lack of correlation between fly age 
and nematode size could indicate that the 
mermithids enter resting flies on vegeta
tion, since flies of any age could be in
volved. The rate of development of indi
vidual mermithids (in other insects) is 
known to vary greatly. Therefore, infec
tion of tsetse during the larval or puparial9 

stages cannot be ruled out. The occurrence 
of multiple infections in single flies is simi
larly inconclusive. Obviously, the infection 
of a tsetse (whether immature or mature) 
can occur just once, or more than once. 

Nickle (1972} described several types of 
life cycles known to occur among the Mer
mithidae. In the case of Perutilimermis 
culicis, the young nematode penetrates an 
early instar mosquito larva, remaining dor
mant throughout the rest of the host's ju
venile development. Only when the adult 
mosquito has emerged does the nematode 
start to grow. There seems no reason why 
a similar cycle cannot apply in the case of 
mermithids parasitizing tsetse. The fact 
that in the present study male flies were 
seen to be more often parasitized than fe
males, suggests that infection usually oc
curs during adult life. It is unlikely that 
larvae destined to be male or female tsetse 
are deposited in different sites or that they 
have different protective mechanisms. 
Adult males are in fact more active than 
females and visit more resting sites. Thus, 
they have a greater chance of encountering 
preparasitic nematodes. 

The data indicate that a tsetse is not se
riously inconvenienced by the internal 
presence of a mermithid. The volume of 
even the largest worm detected would 

9 Since this was written George 0 . Poinar, Jr. 
has recorded the nematode invasion of a pupar
ium of G. morsitans via the respiratory (polyp
neustic) lobes {p. 90, 91). 

have been very considerably less than that 
of a large blood meal or of a well-devel
oped tsetse larva. Parasite size alone does 
not seem to be important. According to 
Nickle (1972}, mermithids are important in 
the natural control of populations of a va
riety of insects. It is unlikely that this is 
the case for tsetse. The apparent low inci
dence of this type of parasitism led Moloo 
(1972} to suggest that mermithid infections 
of tsetse are accidental. Whether or not 
this is usually so, it rema.ins to be estab
lished whether or not the situation at 
Guni, as described above, involves a spe
cific parasite of Glossina. 

Evidence of natural maladies among 
Glossina spp. have rarely been reported. 
Most reports deal with the incidence of 
disease in adults, an important exception 
concerning the fungi isolated from puparia 
by Vey (1971}. Adults are the life-history 
stage most exposed to a broad variety of 
environmental challenges, whether in the 
field or the laboratory. Larvae in utero are 
of course exposed along with the adults, 
but direct attacks on them by infectious 
pathogens appear possible only through 
exploitation of the intimate adult-larval 
contact. The larvae benefit from the com
bination of a protected habitat in the ab
domen of the female, and her behaviour, 
which has great survival value. Puparia, al
though obviously exposed to biological 
agents in the period of quiescence follow
ing the brief phase of larval activity, have 
been the source of only a solitary con
firmed pathogen isolation. The difficulty of 
locating larvae and puparia, by compari
son with the relatively easily trapped 
adults, can be correlated directly with the 
frequency of pathogen isolation from 
tsetse. To date the most conspicuous pa
thogens (the nematodes) are the ones that 
have been most often recorded from the 
tsetse adults, which are the most conspicu
ous and accessible life-history stage. 

Before considering seriously the use of 
microbiological agents for tsetse control, 
investigators must understand the nature 
and the incidence of pathologies affecting 
tsetse. It is presumptuous to anticipate ex
ploitation of pathogens for vector control, 
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before their effect on the life history of the 
fly is understood. The effect of the patho
gen on the ability of the fly to serve suc
cessfully as a vector must be ascertained. 
First and foremost, as a basis for research 
that will clarify the feasibility of using 
mass-produced pathogens against Glos
sina, we must have the assurance of an ad
equate range of candidate biocontrol 
agents, which is only attainable through 
well-organized surveys throughout 
Africa's tsetse belt. - J.D. Briggs, K. Rior
dan, S.M. Toure, and R.A. Nolan. 

Experiments with Organisms from 
Hosts Other than Glossina 

Associations of pathogens with tsetse 
flies in nature and under laboratory condi
tions have already been detailed. This syn
opsis supports IDRC (1974} in emphasi
zing how little information is available on 
the identification, occurrence, and impor
tance of these organisms as biocontrol 
agents. 

Also evident from this discussion is 
the past lack of effort to test other patho
gens against various stages of Glossina 
species. Yet, this would appear to be a log
ical step for initial recognition of candidate 

biocontrol agents against tsetse. An inves
tigation was conducted in the Laboratory 
of Entomology, Amsterdam, in the sum
mer of 1976, to test the susceptibility of 
one of the most efficient vectors of human 
trypanosomiases to some common insect 
pathogens. It is hoped that these prelimi
nary studies will stimulate others to search 
further for natural pathogens as well as 
continue infectivity tests with pathogens 
isolated from other diseased insects. 

Tests were conducted against puparia 
and adults of G. m. morsitans colonized at 
the Department of Entomology, University 
of Amsterdam. Cultures of the insect pa
thogens used in this investigation were 
provided by G. M. Thomas from the cul
ture collection of the Insect Pathology Di
agnostic Laboratory at the University of 
California, Berkeley. The fungi used were: 
(1) Nomurea ri/eyi (Farlow}; (2) Hirsute/la 
sp., (3) Spicaria farinosa (Dichs & Fr.}; (4) 
Beauveria bassiana (Balsamo}; and (5) 
Metarrhizium anisopliae (Metchnikoff). 
The bacteria tested were Serra tia marces
cens Bizio and Bacillus thuringiensis var. 
thuringiensis Berliner; whereas the nema
todes were Neoaplectana carpocapsae 
Weiser (Agriolos strain} and Heterorhab
ditis bacteriophora Poinar. 

Adult flies were inoculated with fungi 
by placing them for 1 minute on sporulat
ing cultures of the fungi. They were then 

Table 9. Results of attempts to infect G. m. morsitans with some insect pathogens. 

Pathogen Host stage No. inoculated No. infected 

Beauveria bassiana adult 20 6 
puparia 20 1 

Hirsute/la sp. adult 20 0 
puparia 20 0 

Metarrhizium anisopliae adult 20 8 
puparia 20 1 

Nomurea rileyi adult 20 0 
puparia 20 0 

Spicaria farinosa adult 20 7 
puparia 20 0 

Neoaplectana carpocapsae adult 15 15 
puparia 20 1 

Heterorhabditis bacteriophora puparia 20 0 
Bacillus t. thuringiensis adult 20 0 
Serratia marcescens adult 30 11 
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Adult G. m. morsitans infected with B. bassiana (G.O. Poinar, Jr). 

held on petri dishes containing damp fil ter 
paper. Puparia were wiped over the sur
face of the fungal plates and placed in sim
ilar holding dishes. In trials with nema
todes, puparia and adult flies were placed 
in petri dishes with damp filter paper and 
infective stage nematodes. Bacteria were 
first grown on plates of nutrient agar. Prior 
to inoculation, the plates were flooded 
with sterile water and a suspension was 
produced by mixing the bacterial cells and 
water with a brush. The suspension was 
then brushed on the ears of rabbits used 
for blood meals. Control flies were fed on 
the opposite uninoculated ear of the rab
bit. After feeding for 4h, the flies were 
transferred to petri dishes containing 
damp filter paper. No attempts were made 
to infect the puparia with bacteria. All 
treated and control flies were held in envi
ronmentally controlled chambers at 30 °C 
and 70% relative humidity. Puparia were 

held until they showed visible signs of in
fection or the adult flies emerged. Adult 
flies were held until death, when they were 
then examined for the presence of patho
gens. 

Test Results 

The results of the infection trials are 
summarized in Table 9. With fungi, about 
one third of the ad ult flies became infected 
with B. bassiana, M. anisopliae, and 5. 
farinosa; the former two fungi each pro
duced a single puparial infection. No in
fections were obtained with Hirsutella sp. 
or N. rileyi. 

Surprising success was obtained with 
the nematode N. carpocapsae against the 
adult flies (Table 9). However, although 
the infective stages of both N. carpocapsae 
and H. bacteriophora were seen crawling 
over the puparia, only a single infection 
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Puparia of G. m. morsitans; one on left infected with B. bassiana (G.O. Poinar, Jr). 

was obtained by the former species. Re
sults obtained with 5. marcescens were 
also surprising. Approximately one third 
of the adult flies that fed on rabbit ears 
previously treated with a bacterial suspen
sion died 1-3 days after feeding. All dying 
flies had 5. marcescens in their haemocoel. 
This was not the case for control flies, 
which generally died later than experi
mentally infected ones. No positive results 
were obtained with B. thuringiensis. 

From these preliminary studies, it is ob
vious that the puparia of G. m. morsitans 
were almost completely resistant to the 
pathogens tested. This is not unexpected 
since, in nature, this stage remains in the 
soil for 3-4 weeks or longer. The only nat
ural ports of entry are the respiratory 
openings in the polypneustic lobes. Appar
ently the infective stages of N. carpocapsae 
were able to enter these in one instance, 

but it would appear that the openings are 
very small. 

Under controlled conditions, however, 
adult flies proved susceptible to B. bassia
na, M. anisopliae, 5. farinosa , N. 
carpocapsae, and 5. marcescens. That a 
certain proportion of them were infected 
with fungi is not too surprising consider
ing that the species used were general 
pathogens that have been reported from 
a number of insects. 

The bacterium, 5. marcescens, which is 
composed of several strains, is widely re
garded as a potentially useful pathogen. 
Although it is commonly recovered from 
diseased insects, it is generally thought to 
invade at the time of molt or at times of 
stress (when the insect is most suscepti
ble). It may be that its successful penetra
tion into adult flies indicates that the latter 
were under stress. 
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Adult infection with N. carpocapsae 
again demonstrates the ability of the nem
atode to enter non-oral openings of in
sects. Nematodes of this group have never 
been recovered from Glosslna sp. in 
nature although mermithids have been re
ported from tsetse in both East and West 
Africa (IDRC 1974). 

Our scanty knowledge of the natural 
pathogens of Glossina species is summed 
up earlier in this chapter and in IDRC 
(1974}. Only the fungus, A. repens, and 
the bacterium, B. mathisi, have been re
ported as causing substantial mortality of 
puparia and adults, respectively, of 
Glossina species. 

Application methodologies aside, the 
ability to grow selected pathogens in vitro 
will be a major consideration in the devel
opment of new microbial control proce
dures for use against tsetse. This ability is 
common to all of the pathogens that 
showed some degree of promise in this in
troductory study. 

Puparium of G. m. morsitans opened to show 
the developing stages of N. carpocapsae (G.O. 
Poinar, Jr). 

Adult G. m. morsitans containing 5. marcescens (G.O. Poinar, Jr). 
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The successful use of a pathogen against 
any insect is dependent on many factors . 
Distribution of the pathogen is an impor
tant consideration because it must come 
in contact with the target organism. With 
pathogens such as the fungi and nema
todes used here, the preferred sites of lar
viposition of the tsetse flies might be pos-

sible sites for inoculation. Thus the larvae, 
puparia, and emerging adults, which come 
in contact with the soil, clearly have op
portunities to encounter a pathogen. 
Other possible uses of attractants or host 
contamination are rather speculative at 
this time. - G.O. Poinar, Jr., L. van der 
Geest, W. Helle, and H. Wassink. 
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Physiology 

Larva and Puparium 

The immature stages of the tsetse are 
remarkably well protected from potential 
pathogens, parasites, and predators. The 
larva spends its life inside the uterus of the 
mother fly , apart from a very brief period 
between larviposition and pupariation. 
The pupa is protected by the hard pupar
ium that is itself normally protected by be
ing buried in soil , sand, humus, or leaf lit
ter. It would be unwise, however, to 
dismiss the larva and puparium from con
sideration, because nothing is known 
about the causes of larval mortality and 
little about pupal mortality. 

The single egg hatches in the uterus of 
the adult fly and the larva is fed by the se
cretion of the milk gland. There are three 
larval instars. The 2nd and 3rd instars are 
characterized by the large respiratory (po
lypneustic} lobes at the posterior end. 
These lobes turn hard and black about 1.5 
days before the larva is deposited. Larval 
development takes about 8 days at 30 °C; 
and 25 days at 18 °C (Mulligan 1970}. 
When birth is about to take place, the 
larva undergoes peristaltic contractions, is 
probably assisted by contractions of the 
muscular uterine wall and abdominal wall, 
and leaves the uterus posterior end first. 

It is assumed that the free-living larva 
neither feeds nor drinks, and certainly in 

many larval habitats there would be no 
opportunity to do either. However, the 
mouth is open and moist at birth and it 
may be a point of en try for microorgan
isms, particularly if the larva continues to 
make ingestive movements after deposi
tion , even if only for a short period. 
Aborted larvae do continue to make inges
tive movements and will take in liquid fol
lowing birth. 

The larva is deposited in a site that usu
ally provides a medium in which the larva 
can burrow. If it is impossible for the larva 
to burrow it will eventually form a pupar
ium on the surface of the ground. During 
the whole of its free-living existence the 
larva crawls or burrows incessantly (Fin
layson 1967}, with peristaltic waves pass
ing along the body. In a suitable medium 
such as loose sand or soil, the larva begins 
to burrow at once. The orientation mecha
nism appears to be a photonegative re
sponse plus a strong thigmotactic response 
that direct the larva into dark crevices and 
soft substrates. The larva has a humidity 
response that takes it into the moister side 
of a chosen chamber in which the humid
ity of the air between sand grains is steep
ly graded. Although the larva prefers a 
moist atmosphere to a dry one, it is unable 
to burrow if the soil is too wet and has 
then to pupariate on the surface, where it 
may be exposed to a grea ter range of para
sites and predators (Burtt 1952; Parker 
1955}. 

The duration of the free-living larval stage 
ranges from about 15 minutes in ideal con
ditions for burrowing and finding dark
ness, to as long as 6 h when the larva is 
kept in the light with the minimum of tac
tile stimulation (Finlayson 1967}. Maxi
mum tactile stimulation in nature is pro
vided by the medium into which the larva 
burrows. When a larva receives maximum 
tactile stimulation in darkness it pupari
ates in the shortest possible time. There is 
an integration of sensory input in which 
light intensity (or perhaps presence or ab
sence of detectable light) and the amount 
of tactile stimulation are the two principal 
factors. 

In the laboratory, a larva of G. morsitans 
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can crawl for at least 1.5 m, but no field 
work has been carried out to investigate 
the locomotory abilities of the tsetse larva 
under natural conditions. The larva cer
tainly possesses the necessary locomotory 
and sensory abilities to move for short dis
tances into darker, moister, and more 
tactile-stimulatory regions of the habitat in 
which it has been deposited. It is unlikely 
that the larva moves far in nature, but its 
efforts could provide the fine adjustments 
needed to complete the selection of the 
pupariation site, initiated by the mother 
fly . A journey of an inch or two could 
make the difference between death from 
over-heating caused by insolation warm
ing of the soil or from desiccation in a hab
itat near the critical level for survival and 
development. Observations in nature (Bur
sell 1960a, Burtt 1952) indicate that the 
larva comes to rest between 0.6 and 7.6 cm 
below the substrate's surface. 

Pupariation follows a short period of 
circling and reversing (Finlayson 1967) that 
is terminated by the secretion of a clear 
liquid from the anus. This liquid was de
scribed by Kinghorn (1912). Evidence is 
presented by Lamborn (1915b) and Simp
son (1918) that it is repellent to ants, which 
are probably among the chief predators of 
tsetse larvae and puparia. The liquid is 
slightly adhesive and causes sand grains to 
stick to the puparium and to each other. It 
may have the function of cementing a 
layer of sand grains together when the 
larva circles and reverses to form a cham
ber for the puparium, or at least to prevent 
collapse of the soil or sand until the pupar
ium has hardened. Pupariation begins 
with head retraction, followed by barrel
ing caused by muscular contractions. The 
cuticle undergoes molecular reorganiza
tion at this stage and is remodelled into 
the barrel-shaped puparium (Fraenkel and 
Rudall 1940). Hardening begins as soon as 
the barrel shape is assumed and proceeds 
rapidly through a range of tints from am
ber to pale brown within 10 minutes at 25 
0 C. Darkening continues for a day or so 
until the puparium becomes almost black. 

Larviposition sites are chosen by the 

adult fly. Although there are variations in 
the types of site chosen by different spe
cies of tsetse, most have to satisfy two crite
ria: (1) the soil, sand, or humus must be 
dry and loose enough to allow burrowing; 
and (2) there must be shelter from the sun. 
In unshaded sites the temperature of the 
surface layer frequently reaches a level 
that would be lethal for a puparium. Bur
sell (1960c) and Pinhao (1970) reported 
that temperatures above 32 and 30 °C, re
spectively, are lethal to puparia of G. 
morsitans, the latter author noting that de
veloping males are less tolerant of the 
higher part of the temperature range than 
are females. Larviposition sites are small 
areas (the breeding sites) within the larger 
area occupied by the particular species of 
Glossina (the breeding zone). In these 
breeding sites very large numbers of larvae 
may be deposited over long periods. In 
Rhodesia, for example, (Phelps et al. 1966) 
collected over 1 million puparia in 4 years 
from relatively small areas. In the Kariba 
region almost 60 000 were collected in Sep
tember, 1965. It would be possible, there
fore, for microorganisms to establish life 
cycles within the breeding sites. 

From the above account of its life histo
ry, the tsetse larva would appear to be sin
gularly well protected from pathogens, 
parasites, and predators. It feeds by suck
ing up the milk gland secretion that is 
poured into the uterus of the pregnant fly. 
To enter the larva via its food, microorgan
isms such as protozoa, bacteria, or viruses 
would have to pass through the body of 
the adult either into the uterus or the milk 
gland, or enter the reproductive opening 
and pass up the uterus and into the milk. 
There is no evidence at present that any of 
these routes of infection are exploited by 
pathogens. However, a possible line of in
vestigation would be the study of aborted 
larvae and their mothers to see if abortion 
is ever caused by infection. It is usually as
sumed that abortions are caused by mal
nutrition (Glasgow 1963). Abortions at all 
stages in larval development occur fre
quently in laboratory cultures (Mulligan 
1970), but little is known about their inci-
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dence in nature except that they probably 
occur and that there may be an increase in 
incidence during the wet season (Jordan 
1962b). The most likely time for infection 
of the larva to occur would be during the 
period between birth and pupariation. Ob
vious possible sites of entry of microor
ganisms are the mouth, the anus, and the 
polypneustic (respiratory) lobes,10 but 
there are other small pores in the chemo
receptors of the antenno-maxillary proc
esses and the sensory buttons (Finlayson 
1972) that might give access to microor
ganisms. 

It is not known whether mermithid lar
vae enter the larval, puparial, or adult 
stages of the tsetse. Foster (1963) reviewed 
the few records of mermithids that have 
been found in newly emerged laboratory
reared flies and suggested that they may 
have entered the adult flies from infested 
soil. However, the possibility that entry 
may have been made in the larval or pu
parial stage cannot be excluded. Labora
tory and field work are required to solve 
this problem. 

Adult 

At the moment of eclosion, the fully de
veloped adult pushes off the anterior end 
of its puparium by the hydraulic ram-ac
tion of its eversible ptilinum. If it is buried 
under the ground, continued use of the 
ptilinum enables the insect to reach the 
soil surface. At this time the fly is ill
equipped to face the world, being pale, 
soft, and crumpled. However, it is able to 
run, and immediately seeks a suitable sur
face, usually vertical, upon which to begin 
the process of expansion. This it does by 
imbibing air and inflating the crop (a blind 
ending diverticulum of the foregut) . The 
hydrostatic pressure thus exerted in the 
haemolymph leads to unfolding of the cu
ticle , assumption of the adult shape, and 

10 See footnote p. 87. 

Larva, newly Formed puparium, and two older 
puparia of G. morsitans showing progressive 
darkening (O.G. Harry). 

expansion of the wings. Hardening and 
darkening of the cuticle then follow. Al
though these processes are not completed 
for several hours, the adult insect is able to 
fly approximately 1 h after emergence. 

Depending upon the extent of its nutri
tional reserves (mainly lipids - see Bursell 
1960c), the teneral adult may initiate host
seeking behaviour between 1 and 2 days 
after emergence. Teneral flies deliberately 
deprived of food do not generally live 
beyond the fifth day (Brady 1973). Before 
feeding, the thoracic flight musculature of 
the adult is poorly developed, but in wild 
flies it develops rapidly over the first two 
hunger cycles (Bursell 1961). Development 
is slower in flies held in captivity (Bursell 
1961; Langley 1970), and there is evidence 
that flight exercise itself stimulates such 
muscle development (Bursell and Ku
wengwa 1972). 

During the early days of adult life, 
Glossina spp. are vulnerable to attack from 
predators. The ingress of certain parasites 
or pathogens may be possible via the cuti
cle or the spiracular openings of the respi
ratory system before hardening and dark
ening are completed, although no evidence 
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of this has yet been obtained (but see p. 
90, 91). 

A combination of adenotrophic vivipari
ty, and a fast-flying adult stage has ena
bled tsetse flies to achieve a high degree of 
independence from their hosts, in spite of 
their obligatory haematophagous habit 
and their complete dependence on verte
brate blood as a source of nutrients. Unlike 
many other haematophagous arthropods 
that will feed from a wound, or other free 
blood surface, the adult tsetse must first 
pierce its host's tissues with its needle-like 
mouthparts before it can imbibe. This nec
essarily restricts the range of organisms 
that may gain access to the alimentary ca
nal during feeding. There is no evidence 
that adult tsetse ever suffer ill-effects from 
microorganisms originating on the host 
skin surface.11 

Tsetse will readily imbibe a variety of li
quids presented under stretched parafilm 
membranes (which the flies probe in re
sponse to a temperature stimulus) pro
vided that the liquid contains adenosine-
5'-triphosphate (ATP) in solution (Galun 
and Margalit 1969). High energy phos
phates are phagostimulatory for a number 
of blood-sucking insects, but their exact 
role in stimulating ingestion of blood is 
not yet clear (see Langley 1976). In 
Glossina, the type and texture of the mem
brane are important in stimulating blood 
ingestion in an in vitro feeding system 
(Langley and Maly 1969), a dual mem
brane of agar and stretched parafilm being 
most successful (Langley and Pimley 1976; 
Mews et al. 1976). Recent studies with 
such membranes have shown that 
Glossina spp. have little ability to discrimi
nate between solutions of varying osmotic 
pressure and ionic composition, some of 
which are rapidly lethal to the insect 
(Langley and Pimley 1973). Toxic solutions 
are also readily ingested through these 
membranes even in the absence of ATP 
(Langley, unpublished data) . 

11 But see information of Roubaud and Treil
lard 1935, p. 78 (ed). 

It is now well established that a variety 
of bacteria will multiply within the ali
mentary canal and haemocoel, following 
ingestion of infected blood through mem
branes, and that these flies die (Langley 
1972; Nobre and Santos 1970; Oliveira and 
Nobre 1970). It has also been demon
strated that these bacteria can be serially 
transmitted to other flies following feeding 
through the same membrane upon the 
same blood pool and that this transmission 
is most likely achieved via the salivary 
gland secretions of the infected flies (Bauer 
1974). These investiga tions, coupled with 
the observation that a very low concentra
tion of sulphonamides in the diets of labo
ratory host animals will effectively reduce 
the reproductive rate of tsetses (Jordan and 
Trewern 1973), serve to illustrate the sensi
tivity of the fly to the composition or con
tamination of its food . 

The feeding habits of tsetse flies in their 
natural environment make it unlikely that 
detrimental microorganisms would be in
gested with their blood meals. Nevertheless, 
the apparent lack of "taste" discrimina
tion , and the ease with which the flies can 
be adversely affected by ingestion of bac
teria or toxins opens up an avenue of in
vestigation that may have prospects in the 
development of biological control tech
niques. 

The tsetse larva is entirely nourished in 
utero by milk gland secretions of the preg
nant female fly. Thus, survival of the im
mature stages is dependent upon survival 
of the adult female. Smaller than normal 
offspring are produced if the female is un
dernourished, or her pattern of feeding be
haviour is interrupted. 

A giant-cell zone exists at the junction 
of the anterior (water absorbing) and mid
dle segment (digestive portion) of the mid
gut in adult Glossina. These cells contain 
" bacteroids" that are thought to provide a 
synthetic function similar to the microor
ganisms present in the alimentary canals 
of a number of other haematophagous ar
thropods. An exact function has yet to be 
ascribed to them, although they do appear 
to be essential for survival. If the bacter-
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oids are destroyed by antibiotics the fly 
dies (Nogge 1974). It is essential that these 
bacteroids be transmitted to succeeding 
generations of tsetse since they have no 
known external origin. At present two hy
potheses exist: (1) the bacteroids are trans
ovarially transmitted (Huebner and Da
vey 1974); and (2) they are transmitted via 
the milk gland and ingested by the feeding 
larva (Ma and Denlinger 1974). Whichever 
hypothesis proves to be correct, the evi
dence is that a microorganism has the 
ability to pass from an intracellular posi
tion in the alimentary canal, to cross the 
haemocoel of the adult fly, and to enter 
the body cavity of the developing 
offspring. Thus there exists yet another 
pathway for the possible exploitation of 
biological control, using suitable organ
isms. 

Pregnant female tsetse flies feed more 
frequently and ingest larger meals than 
males, except toward the end of the period 
of larval growth, when the third instar 
larva occupies most of the available space 
within the distended female abdomen. Im
mediately after feeding (a rapid process, 
during which two or three times its own 
body weight of blood may be ingested in 
one minute), the adult fly seeks a resting 
place. During the next hour, it eliminates a 
large volume of water from the blood meal 
via the excretory system. Diuresis is a 
rapid process (Bursell 1960b) but composi
tion of the urine produced is regulated by 
the Malpighian tubules and the rectal re
absorption mechanism (Gee 1975). Freitas 
et al. (1969) reported that newly emerged 
G. morsitans retain haemoglobin longer 
than older flies. Rapid diuresis has survival 
value in that a fully fed insect is slow 
flying and therefore vulnerable to preda
tion. A female fly containing a fully grown 
third instar larva, whose live weight at 
birth exceeds that of its mother, is also 
ponderous. These females do not feed, and 
are rarely attracted to catching parties in 
the field. They, too, must be more vulnera
ble to predation. 

After feeding, and elimination of excess 
water through the wall of the anterior seg-

ment of the midgut, the blood meal enters 
the middle or digestive portion of the mid
gut where it is subjected to digestion by 
the enzyme trypsin (Gooding 1974). The 
final products of digestion are absorbed 
across the wall of the posterior segment of 
the midgut, whereas indigestible haematin 
is passed on to the hindgut. Here it meets 
with the major excretory product, uric 
acid, from the Malpighian tubules. Water 
and salts are reabsorbed in the rectum, 
and waste is voided to the exterior as a 
semisolid paste (Bursell 1965). 

The rate of transfer of an ingested blood 
meal from the crop (which is simply a tem
porary storage organ) to the midgut is 
thought to depend upon the rate of growth 
of the peritrophic membrane, which is a 
closed sleeve originating from special se
cretory cells around the proventricular 
valve (Wigglesworth 1929). The peri
trophic membrane begins to grow in a 
young adult fly before it obtains its first 
meal. Depending upon the extent of its 
growth at the time of feeding, the blood 
meal will spend a longer or shorter time in 
the crop. Harmsen (1973) has associated 
the length of time that a blood meal 
spends in the inert environment of the 
crop of G. pallidipes with isoenzyme trans
formations in Trypanosoma brucei in
gested with it. If the blood meal is trans
ferred too soon, as in an older fly whose 
peritrophic membrane has already grown 
considerably, the trypanosome is faced 
with the hostile environment of the mid
gut before it has adjusted biochemically. 
This argument is used to explain the in
fectibility of very young adult Glossina 
with T. brucei contained in the first blood 
meal, and the decreased infectibility of 
flies that are some hours older when ob
taining their first blood meal, or subse
quent meals (Harmsen 1973). 

A different explanation is offered by La
veissiere (1975) for the infectibility with T. 
brucei of Glossina adults ingesting their 
first meal as opposed to subsequent meals: 
he observed that before ingestion of the 
first blood meal the peritrophic membrane 
grows and curves back on itself within the 
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midgut. The fold restricts its volume and 
the peritrophic membrane ruptures with 
ingestion of the first meal, allowing trypa
nosomes to enter the ectoperitrophic space 
where they continue development. With 
subsequent meals the peritrophic mem
brane is not folded and forms a continu
ous sleeve passing into the hindgut, thus 
preventing access to the ectoperitrophic 
space. Again, whichever hypothesis is cor
rect, the fact remains that physiological dif
ferences exist between older and younger 
unfed adults such that younger flies are 
more susceptible to T. brucei infections. 
Such susceptibility of the young adult fly 
may have relevance in future strategies for 
biological control using microorganisms. 

The anus of the adult fly is clearly a pos
sible site of entry for potential pathogens, 
although none has been recorded. Fre
quent flushing of the rectum with large 
volumes of fluid immediately after feed
ing, and production of the semisolid faecal 
pellets between meals render the possibil
ity of infection by this route rather remote. 

A single mating resulting in the transfer 
of spermatozoa in a gelatinous spermato
phore to the female oviduct (Pollock 1970) 
generally suffices for the whole of the fe
male reproductive life. Spermatozoa leave 
the spermatophore (which is subsequently 
ejected by the female) and make their way 
via the paired spermathecal ducts to a pair 
of hollow chitinous spheres known as 
spermathecae from where they fertilize 
successive ova, ovulated singly, each 9 
days or so at 25 °C following successive 
larviposi tions. To some extent the female 
genital opening communicates with the 
external environment, since, as far as is 
known, the developing larva in utero res
pires aerobically via its paired posterior 
respiratory lobes. This is therefore another 
potential site of entry for pathogens. 

Copulation lasts from several minutes to 
some hours, and there is evidence that a 

certain minimum time spent in copulation 
is necessary for correct spermatophore de
livery and for the physiological events 
leading to ovulation of the first mature egg 
by the female fly to be entrained or initi
ated (Saunders and Dodd 1972). The flight 
capability of copulating pairs of Glossina is 
clearly impaired, and vulnerability to pre
dation is probably increased at this time. 
The male fly manufactures his spermato
phore from accessory gland secretions 
(Pollock 1974) that are generally not fully 
developed until after digestion of one or 
more blood meals. In considering possible 
techniques of biological control, therefore, 
the transfer of material between the sexes 
should not be overlooked, although, again 
there is no evidence that pathogen trans
mission is achieved in this way. 

It seems that the only life stages vulner
able to large-scale predation or parasitiza
tion are those spent in the soil within the 
puparium. The larva spends only a very 
short time outside the body of the adult 
female, during which time it seeks a suita
ble pupariation site and does not feed. The 
adults are active fliers, existing at relatively 
low densities over wide areas. Their feed
ing behaviour and monotonous diet pro
vide them with considerable protection 
from chance infections via the alimentary 
canal, which may account for their surpris
ing sensitivity to variations in diet compo
sition and to infection with a variety of 
bacteria under experimental conditions in 
the laboratory. It is too much to hope that 
this susceptibility is the "Achilles' heel" of 
the tsetse but there is clearly scope for in
tensified research on novel approaches to 
biological control, based upon a sound 
knowledge of the physiology of the genus, 
as well as a closer study of the physiologi
cal relationships between tsetse flies and 
their known predators, parasites, and 
pathogens. - L.H. Finlayson and P.A. 
Langley. 
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Distribution 
and 

Bionomics 

The present distribution of the known 
species and subspecies of glossinids is 
strictly African. They are absent from the 
Malagasay subregion and their presence in 
a small enclave of southwest Arabia is 
questioned. Covering an area of 10.8 mil
lion km2, they formerly occurred farther to 
the north and to the south, but their distri
bution became more restricted under the 
influence of ancient climatic changes. 
Their northern limit is close to 14 °N. 
South of the equator, the boundary is a 
line joining Benguela, Angola, to Durban, 
South Africa (Ford 1963). 

On the basis of climate, four main vege
tation zones may be distinguished in Afri
ca: (1) the dense rain forest; (2) the 
savannah-forest mosaic; (3) the Guinean 
Savannah woodlands; and (4) the Suda
nian Savannah woodlands. Tsetse flies are 
distributed throughout these large biocli
matic zones, but are absent from the Sahe
lian zone and from the deserts of the north 
and the south (Sahara, Kalahari) . The ma
jor factors governing their distribution are: 
climate (temperature, rainfall); vegetation; 
fauna ; and human activities. Potts 
(1953-54) mapped the general distribution 
of Glossina spp. Some, living in a very 
wide range of environments, have a vast 

distribution. Others, living under a nar
rower range of conditions, have a more re
stricted range. 

Fusca Group 

With the exception of two species (G. 
brevipalpis and G. longipennis), these flies 
are associated with the zones of the equa
torial forests. Most species occur in central 
and west Africa. Ford (1971) distinguished 
three subgroups according to their distri
bution: 

(1) Species from the evergreen forest: G. 
tabaniformis, G. haningtoni, and G. nashi. 
They occur in the Congo basin, in the for
ests of Gabon and of south Cameroon, and 
on the coast of the Gulf of Guinea to Libe
ria ( G. nigrofusca). 

(2) Species from the relict forest - be
tween the forest zone and the savannah 
woodland: G. Fusca in western and central 
Africa (western part of Uganda); G. medi
corum in western Africa; G. fuscipleuris in 
eastern and central Africa; G. schwetzi in 
central Africa, G. severini in the eastern 
part of eastern Africa; and G. vanhoofi in 
central Africa. 

(3) Species ·of secondary forests of east 
Africa: G. brevipalpis gives an indication 
of the past extension of the evergreen for
est in eastern Africa. 

G. longipennis lives under much more 
arid conditions than the other species 
(subdesert conditions) north of Tanzania, 
Kenya, the Somali Republic, and Ethiopia. 
It is the most xerophilic tsetse. 

Morsitans Group 

Tsetse flies of this group are associated 
with the savannahs, surrounding the ever
green forests of central Africa, that re
placed the ancient forest of eastern Africa. 
These savannahs extend from the forest to 
the desert or to the sea. 

G. m. morsitans occupies the Brach
ystegia savannah in eastern Africa (Mo
zambique, Rhodesia); G. m. orientalis 
occurs in the same type of vegetation, but 
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Tsetse bush (Acacia spirocarpa dominant - G. swynnertoni prevalent) near Magugu , Tanzania , 17 
March 1962 (M. Laird). 

in Zambia (west of Tanzania-Shaba) and 
Angola; G. m. submorsitans extends from 
north of Uganda, to southern Sudan to 
Guinea and lives in the Isoberlinia doka 
savannahs. G. pallidipes and G. Jongipalpis 
are two closely related tsetse species, G. 
pallidipes occurs in eastern Africa, from 
the forest edges to the more arid thicket 
zones, G. longipalpis replaces G. pallidipes 
west of 17 °E occupying more humid areas 
in western Africa. G. swynnertoni is re
stricted to the north of Tanzania and to the 
southwest of Kenya where it lives in a 
wooded Acacia steppe; and G. austeni is 
limited to a narrow, discontinuous zone of 
the coastal plains of eastern Africa, from 
the southern part of the Somali Republic 
to South Africa. It lives in secondary thick
ets and bushes at altitudes above 200 m. 

Palpalis Group 

The species of this group occur in the 
hydrographic system associated with the 
Atlantic Ocean and the Mediterranean. 
Machado (1954) studied the distribution of 

the species and subspecies. 
The general area of G. palpalis (sensu 

Jato) is a narrow coastal band in western 
Africa, exceeding 5000 km in length and 
extending from Senegal to Angola (13 °S). 
The widest part of this band is in Nigeria 
where it reaches 800 km extending from 
the Sudan savannahs to the forest. 

G. p. gambiensis occupies the northern 
part of the area (from Senegal to the Ivory 
Coast); G. p. palpalis occurs in the central 
and southern parts, the two subspecies be
ing separated in the area of Togo/ Benin. G. 
palpalis (s.l.) , a rain-forest fly , adapts itself 
quite easily to drier conditions; G. fuscipes 
is also a forest species, but it shows greater 
preference for dense waterside forests 
than G. palpalis. Its distribution area is im
mense in central Africa - the entire 
Congo basin, reaching the Nile basin and 
the shores of Lake Victoria; G. f. fuscipes 
occupies the central and northern parts of 
the area of distribution of the species; G. f. 
quanzensis is a tsetse of the Kasai basin, 
G. f . martinii occupies the Lake Tangan
yika basin; G. tachinoides is distributed al
most entirely in western and central Africa 
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with a discontinuity at the level of Sudan 
from which it is absent. It occurs only west 
of Ethiopia and lives among Mimosa sp. 
and Salix communi ties and the forest ga l
leries bordering streams; G. p. pallicera 
and G. p. newsteadi belong to the great 
coastal forest of the Gulf of Guinea and of 
the Congo basin; and G. caliginea has a 
very limited habitat (littoral forest of Nige
ria, Cameroon, Gabon) because a very 
high relative humidity is essential to its 
survival. 

Activity 

Tsetse flies are diurnally active. The fac
tors determining their mobility are: (1) 
their search for food - a blood meal taken 
from a vertebra te; (2) the male's search for 
a mating partner, followed by the female's 
search for a larviposition si te; and (3) the 
search for resting places. The physiological 
aspect of activity has been reported by 
Bursell (1961) who recognized in G. 
swynnertoni four phases of activity in rela
tion to stages of digestion and reconstitu
tion of fat reserves. Not only physiological 
fac tors but also external ones modify this 
behaviour: temperature, rela tive humidity, 
and luminosity. . 

Harley (1965a) expressed the activity cy
cle of tsetse as relative numbers caught by 
hand or in traps at different times of day. 
Tsetse flies coming to traps or catchers 
represent only part of their active popula
tion . This leads to the concept of availabil
ity. 

Hourly records of capture reflect diurnal 
variations in the activity of each species. 
From numerous observations made on dif
ferent species of the subgenus Nem
orhina, Challier (1973) derived the follow
ing general pattern: (1) appearance of 
tsetse at su nrise; (2) progressive increase of 
attacks to a morning maximum; (3) slack
ening of biting activity in the middle of the 
day; (4) vespertine maximum of activity; 
(5) rather sharp decline in the evening; and 
(6) cessation of activity at dusk. 

In the male G. p. gambiensis, two phases 

of activity were observed between sunrise 
and sunset: one in the morning, the other 
in the evening, wi th a maximum between 
12:00 and 13:00. The absolute maximum 
occurred between 10:00 and 11:00 in the 
savannah zone, and at the beginning of the 
afternoon in the forest zone. 

Except in May and June, the aggressivity 
curve is not as clear for the females. They 
are active only while searching for a host. 
At other times, they are resting. By con
trast, the males come to the catchers not 
only when they are hungry, but also when 
they still have in their alimentary tracts 
nondigested blood. More rarely, they 
come when in an engorged state. Their ac
tivity appears therefore to have a greater 
importance. 

At the beginning of the cycle, G. p. 
gambiensis is active when two condi tions 
are realized simultaneously: (1) tempera
ture above 16 °C; and (2) light intensity 
close to that observed at sunrise. 

At the end of the cycle, light appears to 
be the limiting factor. When searching for 
a determining climatic factor, one realizes 
that the aggressivity curve of G. p . 
gambiensis neither follows that of temper
ature nor of the satura tion deficit. The ac
tivity maximum does not correspond to 
the maximum of these factors, but appears 
to be related to light. 

Harley (1965a) studied G. E. fuscipes and 
found that the activi ty cycle of the two 
sexes showed a peak during the midday 
hours varying, according to region and 
season, from 10:00 to 16:00. 

In G. tachinoides the daily activity curve 
varies also with the season. However, ac
tivity maxima are observed at tempera
tures and light intensities that, regardless 
of season, are rather uniform. Relative hu
midity, while not affecting the intensity of 
activity, seems to have an influence on its 
duration (Gruvel 1974a). Diurnal varia
tions are represented by three types of 
curve, depending on the time of year: (1) 
distinct maximum at midday: November, 
December, January, and February; (2) pla
teau with maximum only slightly appar
ent: early May, August, September, and 
early October; and (3) two maxima, morn-
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ing and late afternoon: February, March, 
April , June, and early July. Nash (1937) es
tablished the limits of activity of this spe
cies in Nigeria between 15.5 and 41 °C, 
the maximum being between 24 and 31 
oc. 

G. p. paJpalis on the fringe of the forest 
zone shows a constant activi ty from 11:00 
to 16:00 during the rainy season and two 
maxima between noon and 17:00 during 
the dry season, with a slight slowing down 
about 15:00 (Page 1959). 

G. Fusca shows a peak of activity just be
fore dusk during the rainy season Oordan 
1962a). G. m. orientalis attacks mainly in 
the morning between 6:00 and 8:00, but to 
some extent in the afternoon. By con
trast, G. longipalpis is active 2 h after sun
rise. This morning peak is followed by a 
rapid decline, and by renewed activity be
tween 16:00 and dusk. Nash (1937) was 
able to demonstrate a cycle closely related 
to temperature for G. m . submorsitans. 

Temperature appears to play a domi
nant role in determining the type of diur
nal activity, but the onset of tsetse activity 
depends on both adequate temperature 
and light conditions. 

Although the active phase of the tsetse 
cycle is diurnal, species have been ob
served both flying and attacking at night: 
G. Jongipennis (Lewis 1950), G. pallidipes 
(Moggridge 1948), and G. brevipalpis 
(Harley 1965a). 

Dispersal 

Numerous marking and release-and-re
capture experiments have been under
taken to shed light on this phenomenon. 
Such studies are important for the under
standing of population dynamics and epi
demiology. Jackson (1941) defined, under 
the term "ambit," the rather well defined 
area within which a tse tse adult moves 
during its lifetime. When tsetse fly about, 
there is a linear dispersal in the case of ri
parian populations and a surface dispersal 
in the case of savannah ones. Glasgow 
(1963) also studied this problem. Challier 

drew attention to the occurrence of both 
immediate dispersal within the ambit, and 
distant dispersal beyond it. 

Linear Dispersal 

From a release point in a forest gallery, 
it is enough to study sections of this gal
lery longitudinally to determine the move
ments of marked tsetse after release. This 
also gives a measure of the speed and am
plitude of the flies' movements. In general, 
Glossina disperse outside the forest gal
lery. In this type of dispersal, authors 
agree on the existence of preferred flight 
lines along open spaces (e.g. paths and 
game tracks, called "ecological corridors" 
by Gruvel). 

G. p. gambiensis moves in its ambit via 
these open flight paths in search of a host. 
It flies along the shores of streams, and 
along edges of forests. Gibbins (1941) 
mentioned a movement of 8 km in 24 
h. An appreciable proportion of the flies 
may leave their ambit and cross sparsely 
wooded areas, thus embarking upon a dis
tant dispersal. The flies may leave a site in 
which conditions have become adverse 
and search for one more favourable. In 
northern Nigeria the longest observed dis
placement of G. p. palpalis was 5 km, fe
males dispersing as widely as males. Dis
persal in galleries of G. tachinoides is 
accomplished at the rate of 1 km / day. 

Gruvel demonstrated seasonal migra
tions of G. tachinoides in Chad. Some sites 
were occupied in a cyclical fash ion in rela
tion to hydrography and climate. Dispersal 
was more extensive during the rainy than 
dry season, the latter being the time at 
which the area of distribution of the flies 
diminished. Nash and Page (1953) re
corded movements of 5 km for this species 
in northern Nigeria. Van Vegten quoted a 
5 km displacement of G. E. fuscipes along 
rivers. 

Surface Dispersal 

This is the type of dispersal of savannah 
or large-forest flies. During the dry season, 
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the G. morsitans population leaves the 
savannah and concentrates closer to the 
rivers. Later on, during the rainy season, 
they disperse again, enlarging their area of 
distribution. This movement may attain 5 
km / day in the Sudanian Savannah zone, 
and 15 km in the Guinean Savannah zone 
(Davies 1967). 

For G. morsitans and G. swynnertoni, 
Jackson (1937) distinguished between real 
habitats, where glossinids may be found 
resting, and open feeding grounds, where 
flight and visibility are facilitated . Howev
er, Pilson and Pilson (1967) discussed this 
concentration phenomenon in G. mor
sitans during the dry season by comparing 
two sampling methods - capture with a 
net versus capture with animal bait. They 
showed that the female population in par
ticular is well dispersed among the diffe
rent types of vegetation. This contradicts 
the "feeding-ground concept." Besides 
these different types of movements, the 
ease with which tsetse are passively trans
ported by an animal, a road vehicle, or a 
canoe must be noted. Dame et al. (1975) 
have recently demonstrated that Langford 
laboratory-bred males of G. m. morsitans, 
despite 2 years of colonization and lengthy 
air-transportation, have "survival and dis
persal characteristics similar to those of 
the native males in the natural habitat." 

Resting Sites 

Rest is a very important period in the 
life of Glossina because the daily activity 
period is estimated at only half an hour 
(Bursell 1959). The search for a resting 
place is therefore a positive act aimed at 
finding a site where the microclimate is in 
conformity with the requirements of the 
species (Challier and Laveissiere 1971). 
Tsetse choose a resting place in order to: 
(1) protect themselves against extreme cli
matic conditions; (2) digest a meal of 
blood; and (3) lie in wait for a host. 

Davies has distinguished real diurnal 
or nocturnal resting places from watching 
places. In their true resting places, the flies 

remain totally immobile or indifferent. 
They are then in a state of complete rest. 
In watching places, they poise at the ready 
during their activity period, waiting for a 
suitable host. Their homochromy renders 
them difficult to detect, and marking tech
niques have proved essential to the discov
ery of their nocturnal resting places (e.g. 
fluorescent powders, and reflecting paper 
glued to the thorax).12 

Diurnal Resting Places 

The flies rest at various heights on dif
ferent types of vegetation (tree trunks, 
branches, twigs, either surface of leaves). 
Different factors (temperature, humidity, 
luminosity, wind) may cause tsetse to 
change their resting place during the day. 

G. tachinoides rests during the day on 
the lower parts of trunks and of low 
branches, and in tree-trunk cavities. Rest
ing sites are always located in the shade 
and are protected against the wind. Their 
height from the ground {0-4 m) decreases 
with an increase in the environmental 
temperature. No flies are found at a resting 
place where the temperature is over 36 °C. 
Humidity at the level of the site is always 
above that of the surrounding air (Gruvel 
1974a). While settled, G. tachinoides 
always remains with its head directed up
wards. Jewell {1956) noticed no differences 
between males and females in the choice 
and the height of resting places. MacDon
ald {1960) found that 50% of G. palpalis 
rested between the ground and a height of 
30 cm, leaves and twigs being their pre
ferred sites; whereas, most G. f. Euscipes 
were found between 0-1.5 m on twigs, 
leaves, and low branches by Glasgow 
{1967). 

G. m. submorsitans rests at the base of 
trees where the temperature is the lowest 
(Nash 1937). The lower surface of horizon
tal branches is preferred at temperatures 

12 New instrumentation, such as the Night 
Vision Device based on the light-accumulation 
principle, may have something to contribute 
here (ed). 
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below 29.5 °C, and 68% of the population 
rests at a height of between 0 and 30 cm. 
Engorged flies keep their heads upwardly 
directed immediately after the blood meal 
is taken, usually resting at a height of 
about 1 m. Later they climb to 2-4 m and 
rest with their heads directed downwards 
(Nash 1952). Langridge et al. (1963) re
viewed the resting places of nine glossinid 
species: G. swynnertoni, G. morsitans, G. 
Jongipennis, G. brevipalpis, G. pallidipes, 
G. a usteni, G. fu scipleuris, G. palpalis, and 
G. tachinoides. G. swynnertoni rests on 
the lower surface of small branches from 
1.8 to 5.6 m above the ground (Jackson 
1946). 

Nocturnal Resting Places 

Nocturnal detection of resting flies is 
made easier by their having been marked 
with fluorescent powders, paints, or 
reflecting paper. 

The resting places of G. tachinoides are 
occupied as soon as darkness sets in and 
are provided by the upper and external 
parts of the arboreal foliage (Gruvel 
1974a). G. p. gambiensis chooses nocturnal 
resting places near the ground and close to 
water. The flies settle in the lowermost 
parts of the vegetation, perching on the ex
tremities of low-growing plants. The pop
ulation is concentrated in a central nucle
us, 10-20 cm in height and 50-75 cm in 
width, starting at about 50 cm from the 
edge of a stream. Tsetse are undoubtedly 
attracted by the CO, concentrated in the 
lower layer of the atmosphere, independ
ent of temperature and humidity, which 
show little variability. The nocturnal rest
ing places of G. morsitans are provided by 
the tips of leaves and twigs (Maclennan 
1961), the ground, grass, and tree trunks 
(Robinson 1965). At sunset G. swynnertoni 
moves from the lower surface of branches 
to leaves, according to Isherwood. 

Food Preferences 

Both sexes of Glossina spp. are haema
tophagous. Analyses of the blood found in 

the digestive tract of captured flies permit 
(within limits) the identification of their 
preferred hosts. Earlier methods of iden
tification of blood meals were based on 
microscopic examination of the stomach 
contents of the flies. This allowed only a 
very broad classification, e.g. on the basis 
of bird and reptile erythrocytes being oval 
and nucleated, those of Camelidae oval 
but without nuclei . The red blood cell di
ameters also enable the identification of 
the blood of some mammals (Lloyd et al. 
1924). This method requires relatively 
fresh blood meals, and is further compli
cated by the fact that tsetse bite again at 
various stages of their feeding cycle, mak
ing it difficult to reach satisfactory conclu
sions because many of the blood cells are 
no longer fit for a precise determination. 

Investigation of these meals by means of 
immunological tests gives much more ac
curate information on the feeding habits 
of Glossina. The digestive tracts of the dis
sected flies are squashed onto filter paper 
and kept dry for study (Weitz and Glas
gow 1956). Identification by the precipitin 
test is first carried out at the vertebrate
group level; the haemagglutination inhib
ition test then enables one to determine 
the species within the group (Weitz 1952). 

After analyzing more than 22 000 blood 
meals from 15 tsetse species, Weitz (1963) 
obtained important information on their 
food preferences. In this manner, he deter
mined five main host groups. 

Suidae 

In Kenya and Tanzania, 65% of the 
blood meals eaten by G. swynnertoni 
come from the warthog. The preferred 
host of G. austeni is the bush pig; G. 
fuscipleuris feeds mainly on the giant for
est hog. In western Africa, G. tabaniformis 
feeds on the bush pig 70% of the time. 
However, large ruminants may also be 
chosen: giraffe 8%, buffalo 8%, and hippo
potamus 2%. 

Suidae and Bovidae 

In this group 30-45% of the meals had 
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their origin in Suidae, and 25-30% in Bovi
dae. G. m. morsitans feeds mainly on the 
warthog, zebu, and buffalo. The other two 
subspecies have similar feeding habits, but 
with an important proportion of blood 
meals taken on the greater kudu for G. m. 
orienta/is, and on the hartebeest for G. m. 
submorsitans. Some animals (zebra, impa
la) , which are present in the distribution 
zone of these flies , are neglected. 

Bovidae 

In eastern Africa G. pallidipes and G. 
longipalpis have similar habits, the bush
buck representing 80% of their choices. 
The bushbuck accounts for 74% of the 
meals eaten by G. Fusca with the balance 
being taken on the bush pig and the aard
vark . 

Mammals Other than Suidae and Bovidae 

G. longipennis feeds mainly on the rhi
noceros (60%) but also on the elephant 
(12%). It is the only tsetse for which the os
trich is of some importance as a host (7%) 
(Weitz et al. 1958). G. brevipalpis feeds 
mainly on the hippopotamus. 

Miscellaneous Hosts 

These include man and the other com
mon inhabitants of the region under con
sideration: primates, bovines, crocodiles, 
and monitor lizards. Tsetse of the sub
genus Nemorhina belong to this group. 
Baldry (1964a) noted that in the immediate 
vicinity of dwellings, G. tachinoides 
prefers to bite pigs. 

The various species of Glossina, there
fore, each have a particular mode of feed
ing. They show varying degrees of host
preference, and a capacity for selecting a 
replacement host in the absence of the 
preferred one. 

Sampling 

The objectives of sampling are to meas
ure natural population sizes· and to study 

their composition: sex ratios, ages of the 
individuals caught, longevity, etc. Morris 
(1955) described two types of estimates: (1) 
absolute estimates, consisting of counting 
the number of animals per unit of sam
pling, as an example in a known fraction 
of the habitat; and (2) relative estimates, 
comparing captures in space and time, and 
measuring population in units of unknown 
size. The methods used with tsetse flies 
are of the second type, although attempts 
at absolute estimates have been made by 
marking, release, and recapture. 

A natural tsetse population is made up 
of adults and puparia (the free larval stage 
is very short) . A sampling method should 
account as closely as possible for the total 
individual composition. One method alone 
will not suffice, since it will apply to only 
one part of the population. Summarizing 
observations by several authors, Gruvel 
(1974a) concluded that generally: (1) bait 
animals (young bovines) allow the capture 
of more flies than any other method; (2) 
starved flies are more readily attracted by 
traps or bait animals; (3) a larger number 
of females are caught with traps (those 
that are, are the older or gravid ones); and 
(4) the adults caught by hand are mainly 
young ones and males in search of the op
posite sex - starved flies and gravid fe
males are much less common. No single 
sampling method is therefore en tirely ade
quate and the results have to be inter
preted very carefully. 

Preimaginal Populations 

Studies have been mainly qualitative, 
describing puparial sites of the different 
species of Glossina. Concentrations of pu
paria have sometimes been recorded. In 
general, though, puparia are widely scat
tered. Although usually buried in sandy 
soil, they sometimes occur on the sur
face under leaves. Generally, they occur in 
areas protected by a permanent shadow 
(fallen trees, cavities in the soil, or trees). 

Jackson (1937) estimated at 12 000 the 
total population of G. morsitans in 885 ha. 
No adequate solution has yet been found 
for the sampling of puparial populations, 
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Searching for G. tachinoides puparia, Chad, April 1967 (].Ford). 

Pathfinders picking up tsetse fly specimens, Botswana (WHO photo,]. Abcede). 
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in spite of its great interest for the study of 
population dynamics. 

lmaginal Populations 

Glasgow (1963) defined four sampling 
methods in order to find out if numbers of 
tsetse vary with time, if they are peculiar 
to certain zones, and what is the composi
tion of the population. 

Rounds 

Using nets with short handles, the sam
plers traditionally catch the flies alighting 
on them while following fixed itineraries 
(the " fly-rounds" ) of known lengths. Such 
an itinerary may have been chosen in such 
a way that it crosses in turn all the vegeta
tion types of one area. They may be as 
long as 10 km. More recently these were 
replaced by linear transects with halts 
every 25-100 m (transect fly-round; Ford 
et al. 1959). Capture methods by rounds 
were mainly used for G. morsitans and G. 
swynnertoni whose habitat is spread out in 
savannahs. In his catching circuit, Jackson 
(1946) used a rectangular spiral , Glasgow, 
an octogonal spiral. Van den Berghe and 
Lambrecht (1962) sampled along the 100 m 
sides and the diagonals of experimental 
squares. 

Fixed Captures 

These methods are especially useful in 
demonstrating the daily variations in fly 
activities. A bait animal is sometimes used 
at the location of capture (fettered animal). 
This method has been used for G. palli-

dipes (Smith and Rennison 1961a, b, c; 
Harley 1965a), G. brevipalpis (Harley 
1965a), and G. Fusca and G. tabaniformis 
(Jordan 1962a). Morris (1961b) studied G. 
p. gambiensis in northern Ghana and 
noted that fly-round parties in low densi
ties capture only one-fifth of the numbers 
caught by stationary parties. In general, 
the fixed station method is preferable for 
the study of forest gallery tsetse ( G. palpal
is, G. fuscipes) to that of rounds applied to 
G. morsitans. 

Capture of Resting Flies 

This method is necessary for obtaining 
data on the post-engorgement period. It is 
also the only way to determine the precise 
location of diurnal or nocturnal tsetse rest
ing sites. Pilson and Pilson (1967) allowed 
individuals of G. morsitans to gorge them
selves prior to marking and releasing. 
Nash (1952) was able to locate the resting 
places of G. medicorum. 

Traps 

A large number of types of traps have 
been described and used for catching 
tsetse flies. Members of the palpalis group, 
and G. pallidipes, are the ones that come 
the most readily to traps. In the case of G. 
pallidipes, caught mainly with the Lan
gridge (1968) trap, more females than 
males are caught. The location of the traps 
is very important - Glasgow estimated 
that a trap was no longer attractive beyond 
100 m. Bait or chemical attractants in
crease the yield of the sampling method 
(see following section). - J.P. Eouzan. 
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Trapping Technology 

The utilization of traps for catching ani
mals predates recorded history. South
wood (1968) has distinguished between 
traps that catch animals at random, and 
those that catch them after having at
tracted them with a device of some kind . 

Tsetse traps belong to the second cate
gory. Depending on the principle of their 
functioning, they may be classified into: 
(1) attracting screens or panels with or 
without adhesive; (2) falling cages and arti
ficial refuges; and (3) traps proper ("tri
dimensional" in Buxton 1955). 

The history of tsetse trapping began 
when Maldonado (1910), a planter from 
Principe Island, had his workers wear on 
their backs a black piece of cloth covered 
with glue. The first real tsetse trap was 
constructed in Zululand by Harris (1930). 
Later research workers have used this 
model as a basis for numerous variations. 

Screens 

Screens are attracting surfaces that may 
be either mobile or immobile. Following 
Maldonado, Lamborn (1915a) and Rutt
ledge (1928) tried various adhesive sub-

stances, but with little success. Swynner
ton (1936) placed an electrified screen on a 
vehicle. 

The presence of a screen in a crew of 
catchers greatly increases their efficiency. 
Jack (1941) had his group carry a dark grey 
blanket (1.50 X 0.90 m) stretched on a 
pole. Macaulay (1942) and Barrass (1960) 
used the same method, whereas Chorley 
(in Buxton 1955) placed the screen on a bi
cycle. 

Vale (1969, 1972) described various mo
bile screens: a black drum mounted on 
wheels, screens covered with glue and car
ried on human backs or placed on a bicy
cle or other vehicle, electrified screens 
hauled behind mobile bait, and electrified 
cages containing bait. The radius of action 
of screens varies according to species. For 
G. medicorum it is only 8 m, whereas for 
G. morsitans it reaches 50 m (Chapman 
1961). 

Mobile screens have the major disad
vantage of requiring carriers. Immobile 
screens require the presence of catchers 
but one operator may operate several 
traps. 

Falling Cages and Artificial 
Refuges 

Man-Activated Mobile Bait Trap of Goiny 
(1967) 

The device is activated by a man who 
drops it around himself at regular intervals. 
Captive Glossina move upwards into a 
cage exposed to light at the top of the trap. 

Falling Cage of Phelps (1968) 

The falling cage is a structure made of 
mosquito netting mounted on an iron 
frame (2.6 X 2.1 X 1.8 m). With the aid of 
a pulley, it is lowered every 10 minutes. In 
the upper position it stands at 2 m above 
the ground, enabling tsetse flies to come 
close to the bait that is placed under the 
trap. 
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Schematic cross sections through various models of traps: A Harris' trap; B Charley's trap; C 
Swynnerton 's AS trap; 0 Lewillon 's dummy; E trap of Morris and Morris; F. Langridge's trap; G 
Moloo's trap; and H biconical trap of Challier and Laveissiere, nr = no-return device; b = body; 
b + a = body with attracting surface; cg = cage; s = attracting screen . 
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Artificial Refuges of Vale (1971) 

To study the behaviour of G. pallidipes 
and of G. morsitans at rest, Vale built vari
ous types of artificial refuges: box, hut, 
and trellis. He also used cement pipes. 
Tsetse flies coming to these refuges are 
caught with a net, although Vale added to 
some of his models a mechanical catching 
device. 

As is the case with screens, Goiny traps, 
and falling cages, artificial refuges have the 
disadvantage of requiring catching person
nel. 

Traps Proper 

Principle of Tsetse Trapping 

Trapping is based on the tendancy of 
adult Glossina spp. to move towards dark 
surfaces and shaded cavities, the body of 
the trap being mistaken for the belly of an 
animal (Fuller and Mossop 1929). Once in 
the dark cavi ty, the tsetse fli es find them
selves in an overly dark environment. 
They are then attracted towards the 
lighted summit of the trap. Urged to climb 
ever higher, they pass the "no-return 
device" and enter the cage. 

General Description of a Trap 

A tsetse trap includes essentially the fol
lowing elements: (1) a body, i.e . a dark en
closure of varied shape; (2) an attracting 
surface, which may constitute the wall of 
the body itself or be an independent ele
ment placed inside or under the body; (3) a 
collecting cage placed a t the top of the trap, 
exposed to light; (4) a "no-return device" 
having the shape of a pyramid or slot lo
ca ted between two planes in an inverted 
"V" converging in a cage; (5) auxiliary 
equipment - supports (pole driven in the 
ground, posts and suspension ropes, legs) 
and an antipredator device; and (6) an at
tractant, i.e. bai t animal, substances ex
tracted from animals, chemical com
pounds, or physical attractant such as 
sound . 

Models of Traps 

Harris' Trap 

This, the first trap specifically designed 
for Glossina (Harris 1930), enjoyed real 
success in Zululand in ca tching G. 
pallidipes. The final model ("standard 
trap ," Harris 1938) measured 1.83 m in 
length and 0.91 min height. 

The Harris trap was used in Zaire 
(Merken 1934; Lewillon 1945), in Tanzania 
(Swynnerton 1936), and in Botswana (Ma
caulay 1942). 

Chorley' s "Crinoline" 

According to Swynnerton (1936), 
Chorley's (1933) "crinoline" was con
structed on the same principle as the trap 
developed by Richmond and Mendis in In
dia to capture mosquitoes. This trap con
sists of a cylindrical "skirt" made of jute 
that is mounted on metal rings and has an 
opening at the base. The cone-shaped top 
of the trap gives access to a small cage. 

Swynnerton's Traps 

Swynnerton (1933, 1936) described sev
eral screens that are, in fact , true traps: 
plain screen trap or PS trap, awning screen 
trap or AS trap, etc. Some of these models 
are mechanized or contain a bait animal. 
Swynnerton's sustained efforts to develop 
a· high-yield trap did not result in the gen
eral availability of a simple and efficient 
model. 

Jack's Trap 

Glossinids enter this trap (Model No. 
VIII, Jack 1939) from the shady side as well 
as fro m the bottom. The " tin-top" (Jack 
1941) is a modifica tion of Harris' trap. 

Lewillon's "Dummy" 

The "dummy" is a vertical parallele
piped device of black raffia, 1 m in height, 
and suspended from a horizontal square 
board. In the centre of the board a square 
hole is cut to give access to a no-return de-
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Langridge trap in use, catching G. pallidipes in maize field, Lambwe Valley, Kenya (WHO photo, 
D. Baldry). 

vice with fine mesh that is topped by a 
water-bottle with holes, which serves as a 
cage. A frame keeps the skirt open. 

Animal Trap of Morris and Morris 

Initially, this trap simulated a goat as to 
size, skin, head, and legs; however, its real
ism was seemingly appreciated more by 
the entomologists than by the tsetse (Mor
ris and Morris 1949). 

The "standard model" is a simplified 
version of the original one (60 X 18 X 93 
cm in height). It consists of a body 
mounted on four legs and is made of 
rough fabric supported by a semicircular 
iron frame. On the upper opening rests a 
parallelepipedal cage equipped with a no
return device made of two planes disposed 
in a "V." On one of the lateral surfaces of 
the cage there is a sleeve for removal of the 
flies. 

Morris (1961a) built a model with di
mensions double those of the "standard" 

one as well as a portable model, which 
could be taken to pieces. 

Langridge's Trap 

Langridge's trap (1968) is an adaptation 
of the Harris trap. It includes a vertical 
screen (90 X 86 cm), a dark or black cot
ton and wool blanket that has a 10-cm 
wide hole into the " body." The latter is a 
box with inclined surfaces, the two upper 
ones being of green wire meshing and the 
two lower ones of black fabric. A wire
mesh cage, cream in colour and equipped 
with a no-return device , is fitted at the up
per opening of the body. 

Moloo's Trap 

Moloo's (1973) model was derived from 
Langridge's. It differs from it by having an 
awning, extending downward into a 
"skirt," made from a black blanket and by 
eliminating the lower slit of the body. This 
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new device enables the flies to be attracted 
to a larger shady space than that of the 
preceding model. 

Bioconical Trap (Challier and Laveissiere) 

In this model, the trapping principle 
consists in attracting the glossinids to the 
"body" by means of screens placed inside 
it (Challier and Laveissiere 1973). 

Two cones joined together at the base 
(80 cm diameter and 133 cm total height) 
make up the body. Mosquito netting en
closes the upper cone, the lower being of 
white percale with four vertical openings. 
Screens, arranged in a cruciform fashion 
inside, rise to two-thirds of the height of 
the upper cone. This structure is sup
ported by an apical pyramidal frame of 
metal, the summit of which penetrates a 
cage of the Roubaud type. The base is 
fitted into a metal tube that supports the 
trap. 

Behaviour of Glossinids and 
Attraction to Traps 

It is believed that adult Glossina come to 
traps when hungry (Swynnerton 1933). 
Their reaction would then be that of an in
sect in search of its host (Lloyd 1940; Saun
ders 1964a), and the need for a blood meal 
would overcome the necessity of finding 
shade (Morris and Morris 1949). However, 
according to Jack (1939, 1941), hunger is 
not the primary factor - he stated that the 
flies are attracted to the points of greatest 
light intensities in the biotope. 

To locate a trap an insect must be in its 
active phase. In the laboratory, tsetse flies 
show a daily V-shaped cycle of spontane
ous activity. The threshold of response to 
stimuli increases in relation to the fasting 
stage (Brady 1972b, 1973). There is a corre
lation between spontaneous activity and 
the weight of the insect, as well as the 
amount of residual blood. Fasting could 
therefore produce the sensory impulse 

needed to trigger the spontaneous activity. 
Tsetse react positively to light (Mellanby 

1936). Above 30 °C, though, phototropism 
becomes negative whatever the tempera
ture may be in the shade (Jack and Wil
liams 1937). In nature they move in and 
out of shaded and lighted zones but re
main inactive during the hottest period of 
the day. Biting behaviour is conditioned 
mainly by visual and olfactory stimuli. 

Tsetse, perceiving rapid and gentle 
movements, are stimulated by moving 

Biconical trap in operation in gallery forest near 
village of Tin , Upper Volta (A. Challier). 
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Blue-coloured cylindrical trap in experimental field use at Nasso, near Bobo-Oioulasso, Upper Vol
ta, G. palpalis habitat, 3 May 1974 (M. Laird). 

screens (Chapman 1961). The shape of an 
object and its contrast with the back
ground are important factors in the detec
tion of hosts (Turner and Invest 1973). 
Teneral13 individuals, and males and fe
males react differently to stimuli (Brady 
1972a). The "visual response" increases in 
the presence of olfactory stimuli. Teneral 
males of G. morsitans are more sensitive to 
moving objects than females, which re
spond better to objects displaying inter
rupted movements (Gatehouse 1972). 

It has long been known that dark col
ours attract Glossina more than light ones. 
This applies to screens (Maldonado 1910; 
Lloyd 1935; Swynnerton 1936; Barrass 
1960, 1970; Chapman 1961) as well as to 
animals (Moggridge 1949; Morris 1960; 
Harley 1963; Smith and Rennison 1961a; 
Saunders 1964a). However, Jack (1939) no
ticed a dark blue screen attracted G. mor
sitans better than a donkey. 

13 The teneral state is the condition of tsetse 
that have not yet taken their first blood meal 
and still have a soft integument (ed). 

In the laboratory, tsetse flies show col
our preferences in the following 
decreasing order: ultraviolet, blue, red, 
white, and yellow. In a group of colours, 
gray is more attractive if the colours are 
separated by light patches (Dean et al. 
1969a). 

In nature, light conditions may change 
the order of colour preferences. Thus in 
Botswana, G. morsitans adults were at
tracted by boards suspended from 
branches in the following decreasing or
der: white, yellow, green and black, blue, 
and red in the case of one-colour boards; 
and red-blue, white-black, red-black, 
black-yellow, blue-yellow, and red-green 
in the case of two-colour boards (Lam
brecht 1973). The strong attraction of the 
white board is due to its contrast with the 
environment. 

Tsetse flies perceive odours from a dis
tance. G. swynnertoni can locate a hidden 
crew of catchers and oxen at a distance of 
nearly 55 m (Bax 1937). According to Dean 
et al. (1969b), vision would play a role at 
long distances and smell at short distances, 
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but the relative importance of these two 
senses varies from species to species. 

Trap Efficiency 

Yield Factors 

sic factors of the trap; (2) use of attrac
tants; (3) environmental factors; and (4) 
factors associated with methodology. 

Intrinsic Factors of the Trap 

The use of screens requires the presence 
The yield factors of a trap are: (1) intrin- of catchers and sometimes of b~drers. An 

Painted fly-traps determine which colour attracts th e most insects (WHO photo,]. Abcede). 
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Table 10. Capture of G. p. gnmbie11sis with various traps. Yield per trap per day (Ypct); 
compara tive yields of various methods of capture, taking as unit the results obtained 
with other types of traps, a catcher (c), and ox (o) as bait (Y1/t, o, c); sex-ratio (ref: 
method used as unit, p. s. ext. =pig skin extract). 

Locality 

GHA A 
Volta R. 

LIB ERIA 
Lawa R. 

Zeliba R. 
IVORY 
COAST 
Leraba R. 

Month 

Jan-Dec 

Nov - Dec 

Jan-Mar 

Mar - July 

Type of trap 
or other means 

of capture 

Morris (animal trap) 
Morris (animal trap) 
Harris 
Swynnerton (ASB) 

open vegetation 
woods 

Chorl ey (crinoline) 
open vegetation 
woods 

Morris (animal trap) 
standard 
double-size 

Morris (animal trap) 
standard 
double size 

Morris (collapsible) 
drill 
jute 

Morris (standard) 
Challier-Laveissiere 

(biconical trap) 

Sex ratio 
Y pd Ytlt, o, c ( % females) 

male female Trap Other 

3.1 0.07 (c) 0.09 52 49 (c) 
1 (ref) 
0.01 

0.05 
0.43 

0.06 
0.21 

8.7 67 
9.8 60 

1.85 61 
2.85 53 

0.20 
1 (ref) 
1.38 (c) 76.6 65.4 (c) 

13.1 0.64(c)l.29 69.5 53.0(c) 

Authors 

Morris & Morris 
1949 

Morris 1961a 

Challier & 
Laveissiere 1973 

UPPER 
VOLTA 

Feb-Mar Challier-Laveissiere 15.3 0.28(c)l.24 67.2 37.3(c) 
(biconical trap) 

Kou forest 

adhesive obviates this inconvenience, but 
glued specimens are hardly in ideal condi
tion . 

The best traps are those that provide a 
shaded area in such a way that tsetse, at
tracted from afar, may mount into the 
lighted part of the trap. Tables 10-14 show 
the results of captures with various mod
els. 

Large traps are more evident from a dis
tance than small ones. Morris (1960) 
caught three times as many specimens of 
G. pallidipes with a trap twice the size of 
his "standard trap." This large trap, how
ever, had no success in catching G. palpalis 
and G. tachinoides. A model set on higher 
legs did not improve the yield (Morris 
1961a). 

The attraction of Glossina spp. by col
ours is a complex phenomenon that has 
not yet been satisfactorily explained. 
Darker colours are not necessarily the 
most attractive. G. pallidipes come in 
larger numbers to a brown Morris trap 
than to a black or dark gray one (Morris 
1960; Saunders 1964a). The same trap is 
more efficient when it is covered with nat
ural jute than with jute painted black 
(Smith and Rennison 1961a), and khaki 
drill is as efficient as black (Morris and 
Morris 1949). The biconical trap attracts 
by the strong contrast of its shape against 
a background of dark vegetation and by 
the black screens visible through the open
ing of the white surface (Challier and La
veissiere 1973). 
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Table 11. Capture of G. f. fu scipes with various traps . Yield per trap per day (Ypd); 
co.mpara tive yields of various methods of capture, taking. as unit the results o~taine~ 
with other types of traps, a catcher (c), and ox (o) as bait (Y 1 / t, o, c); sex-ratio (ref. 
method used as un it, p.s. ext. = pig skin extract). 

Locality Month 

Type of trap 
or other means 

of ca pture 

Sex ratio 
Y1/ t,o, c, (%females) 

male fe male Trap Other Au th ors 

117 

TA ZA IA 
Kuja R. 

May Harri s 
Swynnerton (SS) 
Lewi li on 

3.5 
40. 5 

0.23 

Swynnerton 1936 

ZAIRE 

Kwa nge 

UGANDA 
Busoga 

UGANDA 

(manneq uin ) 
Harri s 0.18 
Swy nnerton (SS) 0.30 
Morris (s tandard) 

normal 6.8-3.9 
+ p.s. ex t. 8 - 7.3 

Langridge 
normal 6.5 - 3 
+ p.s. ex t. 8.8-4.4 

Morris 
normal 
+ dry ice 

1 (ref) 1 
4.7 5.1 

50 

UGA DA Ju ne - July Swy nnerton (AS) 7.6 53 .5 
Busoga Langridge (BS) 

Aug - Oct La ngridge (BS) 
Moloo (ASS) 

Oct - April Swynnerton (AS) 
La ngridge (BS) 
Moloo (ASS) 

33. 1 55.4 
8.4 46.5 

53 .4 62 .6 
0.75 72.0 

14.6 81 .9 
56.7 77.3 

Lewillon 1945 

Persoons 1965b 

Rogers 1969 

Moloo 1973 

Table 12. Capture of G. t11chi11oides with va ri ous traps. Yield per trap per day (Ypct); 
compara ti ve yields of va ri ous methods of cap tu re, taking as uni t the results obta ined 
with other types of tra ps, a ca tcher (c), and ox (o) as bait (Y1/ t, o, c); sex-ra ti o (ref: 
method used as unit , p.s. ex t. =pig skin ex tract). 

Loca lity Month 

GHANA Jan - Dec. 
(north) 

IVORY COAST Mar - Jul y 
Leraba R. 

Type of trap 
or other mea ns 

of capture 

Morris (standard) 
Vol ta R. 
woods 

Morris (standard) 
Harris 
Swynnerton (ASB) 

open vegetation 
woods 

Chorley (crinoline) 
open vegetation 
woods 

Challier-Laveissiere 
(bicon ica l trap) 

Ypct 

32.7 
6.0 

157.9 

Sex ratio 
Y1/ t, O, C, (%females) 

ma le fema le Trap Other Au thors 

0.30(c)0.11 35 61(c) 
0.22(c)0. 23 45 43(c) 

1 (ref) 
0.04 Morris & Morri s 

1949 
0.12 
0.41 

0. 16 
0.12 

0.64(c)l.63 65.1 42.3(c) Challier & 
Laveissiere 1973 
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Table 13. Capture of G. pnllidipes with various traps . Yield per trap per day (Y pct); 
comparative yields of various methods of capture, taking as unit the results obtained 
with other types of traps, a ca tcher (c) , and ox (o) as bait (Y1/ t, o, c); sex-ratio (ref: 
method used as unit, p. s . ex t. = pig skin extract) . 

Type of.trap Sex ratio 
or other means Ypd Y1/ t,o,c, (% females) 

Locality Month of caQture male female TraQ Other Authors 
T ANZA IA Sept Harris 41 58 .7 

Shinyanga Swynnerton Swynnerton 1936 
JV 49.3 76.1 
AS 51.0 76.5 

UGANDA Mar-Dec Morris (standard) 
Busoga and brown 1.9 84.7 Morris 1960 

Jan-June black 2.7 82.3 

KENYA Dec Morris (standard) 17.4 4.40(c) 78 17(c) Glasgow & Duffy 
Lambwe 1961 
Valley 

UGANDA July-Sept Morris (standard 
Busoga brown 46 0.14(b)0.62 77.3 44.3(b) 

brown 24 0.15(b)0.69 75. 9 40.2(b) Saunders 1964a 
black 11 0.10(b)0.27 65. 9 40.L.tb) 

UGA DA Morris (standard) 
Busoga normal 114.5- 58.5 ~ 70 - 80 

p.s . ext. 139.5-103 Persoons 
1965b 

Langridge 
normal 116.5-87.5 
ext. p . p . 202-183.5 

UGANDA Morris (standard) 
Busoga normal 1 (ref) 1 Rogers 1969 

p.s . ext. 5.3 2.3 
KENYA Dec-Jan Langridge 258 4.36(c) 63.9 18.9(c) 

Lamb we Man 1 (ref) 
Valley Calf 4.23 England & Baldry 

Langridge trap 1.42 1972 
Sheep 0.66 
Goat 0.51 

UGANDA June-July Swynnerton (AS) 0.4 62 .9 
Busoga Langridge (BS) 39.1 76.9 

Langridge (BS) 26.5 77.4 Moloo 1973 
Moloo(ASS) 56.8 79.4 
Swynnerton (AS) 0.75 72.0 
Langridge (BS) 14.6 81 .9 
Moloo (ASS) 56.7 77.3 

Use of Attractants 

Tsetse flies move toward a trap which, 
once sighted, attracts them by its shape 
and its colour. Morris (1960) estimated the 
radius of action of a trap as 5-10 m . To im
prove its efficiency, it is therefore impor-

tant to add an attractant. Olfactory attrac
tants include bait animals, organic 
substances extracted from animals, and 
chemical compounds (Hughes 1957a). 

The presence of an animal , even when 
hidden, increases the number of flies 
caught (Lloyd 1935; Swynnerton 1936). A 
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Table 14. Capture of G. 111. s11 b111orsita11s , G. /011gipalpis , and G. 11igrof11 sca with va ri ous 
traps. Yield per trap per day (Ypd); com parati ve yields of va ri ous methods of capture, 
taking as unit the res ul ts obtained wi th other types of traps, a ca tcher (c), and ox (o) as 
bait (Yt/ t, o, c); sex-rati o (ref: meth od used as unit, p. s . ex t. = pig skin ex tract) . 

Type of trap Sex ratio 
or other means Ypd Yt/t, O, C, (% females) 

Species Locali ty Month of capture male female Trap Other Authors 
G.111. CHA A )an - Dec Morris (standard) 3.4 O.OB(c)0.10 46 40(c) Morris & Morris 
submorsitans Kamba 1949 

R. Bridge 
G. /ong ipalpis CHA A Oct-Nov Morris (standard) 1.5(male) 0.43 (c) 60. 1 Morris 1961b 

Cape 2.4 (iemalc) 
Coast 

G. 11igrof11sca GHANA April - Aug Morris (s tandard) 0.13 so Morris 1961b 
Kumasi 

screen placed in contact with a bush pig or 
treated with extracts of this animal is more 
attractive than a nontreated screen (Van
derplank 1944). Cow urine and dung at
tract G. pallidipes. G. medicorum reacts to 
cow odour and to acetic acid fumes (Chap
man 1961), whereas exhaust gases from 
automobiles and crank-case oil distillates 
have practically no effect on G. palpalis 
(Hughes 1957b). 

Experiments made with an olfactometre 
on fresh citrated ox and rabbit blood, on 
C021 on L-lysine, and on alcoholic extracts 
of pig skin showed that the study of tsetse 
behaviour in the laboratory is difficult 
(Persoons 1965a), as had already been re
ported by other authors (Chapman 1961; 
Hughes 1957a, b). 

Field experiments give more definitive 
results than laboratory ones. Langridge 
(1961) doubled the number of G. pallidipes 
caught by treating paths with lanolin and 
quintupled them with extracts derived 
from pig skin, hairs, and scrapings. The 
same extracts attracted from two to three 
times more examples of G. austeni with a 
residual effect, which persisted for nearly 3 
weeks (Anonymous 1962). Wool-fat ex
tracts are more efficient when used in the 
raw state than when the purified products 
are used (MacOwen 1959). Park (1965) 
showed that the most attractive com
pounds, extracted from organic products 
taken from an abattoir, are those soluble 
in a fat solvent. 

Langridge and Morris traps, treated 

twice a week with pig skin extracts soluble 
in benzene and petroleum ether, caught 
twice as many G. pallidipes specimens as 
control traps (Persoons 1965b, 1966, 1967). 
The yield may be increased by a factor of 
2.7. 

At a concentration of 0.01%, L-lysine 
had , at first , a repellent effect on G. 
pa/lidipes and G. f. Euscipes. One week 
after treatment, though, the yield in
creased 4.22 times for the first species and 
1.81 times for the second, during a period 
of 3 weeks (Persoons 1968). 

The first trials with CO, in a Morris trap 
failed (Rennison and Robertson 1959; 
Maudlin 1969), but Rogers (1969) obtained 
a fivefold increase by using dry ice. 

Harley (1965b) modified the Morris trap 
somewhat by placing a metal plate under 
the jute to heat the attractant by solar rays; 
results were negative. It would appear that 
a high temperature inside the trap does 
not suit tsetse flies. 

Maudlin (1969), Dean et al. (1969a), and 
Turner (1971) unsuccessfully attempted to 
find a sexual pheromone secretion that 
would attract males, but Langley (1975) re
ported that it had been demonstrated at 
Langford that a male G. m . morsitans will 
mate with a dead female but not with a 
male . The attractiveness of dead flies to 
sexually mature males is progressively re
duced by washing the former in various 
solvents, and is abolished by nonpolar sol
vents (Langley and Pimley 1975). Decoys 
(dead males of their species, or "pseudo-
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flies" made from black shoelace knots) 
were also both found unattractive to sex
ually mature G. m. morsitans. However, 
when such decoys were shaken with 
female G. m. morsitans in diethyl ether or 
hexane, and the solvent was allowed to 
evaporate, they became highly attractive to 
sexually mature males and maintained this 
attractiveness for a t least 4 days. The im
plication was "that a sex recognition pher
ome of lower vapour pressure than the sol
vents used had been transferred from the 
female flies to the decoys." More recently, 
Nash et al. (1976) have reported the pres
ence, in the same species, of a larval pher
omone that may attract gravid females 
to a larviposition site. 

Sound could be used as an attractant 
since tsetse react to certain frequencies 
(Langridge 1964; Kolbe 1972). 

Environmental Factors 

The efficiency of a trap depends on the 
ease with which it is detected by Glossina. 
The location of the trap in the biotope and 
the components of the environment 
influencing insect behaviour are therefore 
important factors. 

The traps must be located in optimal 
light and shade conditions (Harris 1938). 
For capturing G. palpalis, Morris and Mor
ris (1949) placed their trap on "hunting 
grounds" (fords, bridge approaches, water 
holes , drinking and washing places, paths, 
etc.) . As a general rule, borders of forest 
galleries and of thickets are chosen (Morris 
and Morris 1949; Glasgow and Duffy 1961; 
Saunders 1964a). Challier and Laveissiere 
(1973) observed that the number of tsetse 
caught increases when traps are located at 
more open and even sunny locations. 

Optimal siting of traps in relation to the 
sun and to the biotope is an important 
condition required for a good yield. The 
maximum number of G. pallidipes is 
caught in the afternoon on the eastern 
border of a thicket, and before noon on 
the western border (Glasgow and Duffy 
1961). In western Africa, G. p. gambiensis 
tend to emerge from the eastern end of 
forest galleries at sunrise (Challier et al. 

1974). The trap must therefore be sited in 
such a way that all day long it makes a 
marked contrast with its environment. 

The number of tsetse attracted may be 
increased if a man or an animal is in the 
vicinity of the trap (Swynnerton 1933; 
Symes and Southby 1938; Macaulay 1942; 
Morris 1960); vehicles are also an attrac
tant (Chorley 1947). 

Swynnerton (1933) is of the opinion that 
the best yield from traps is obtained dur
ing the hot period of the year. In western 
Africa, the captures of G. tachinoides are 
maximal in January (dry season) and mini
mal in September (Morris and Morris 
1949). Jack (1939) reported negligible cap
tures after the onset of the rainy season. 
According to Jack (1944), the evaporation 
rate would therefore be an important fac
tor. Drought produces a loss of water in 
the fly, which reacts by searching for 
shade. During the dry season, shade is re
duced to a minimum and, as a result, the 
flies are attracted by the traps. Morris and 
Morris (1949) did not accept this explana
tion for G. palpalis. During the rainy sea
sons, the catchers, crisscrossing biotopes in 
which populations are dispersed, capture 
more tsetse than do the traps. Moreover, at 
that time, visibility is less than during the 
dry season, whereas people visit the water 
holes less frequently. 

Factors Associated with Methodology 

A good trap must be simple, strong, 
light, and able to be taken to pieces so that 
it occupies little space during transport. It 
must also be easy to assemble rapidly. 
These qualities enable the traps to be used 
in large numbers by a minimum number 
of personnel. 

A certain number of organizational 
problems in trapping have been stud ied. 
Harris (1938) found that an increase in the 
number of traps in a biotope caused a de
crease in the yield of the units already in 
operation. For a certain period of time, the 
latter catch more flies than the newly in
stalled traps, undoubtedly because these 
flies spread out more slowly. 

The numbers caught by a Morris trap 
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are not affected by an emptying rhythm 
varying from 1.5 to 24 h. Beyond the 
longer interval, there are mortalities due to 
predators (particularly ants). An entrance 
slot of 12 mm gives the same results as a 
38 mm one. 

Escapes become important when the 
number of 12-mm-square holes in the 
cages reaches 16, and especially when the 
catchers approach the trap (Rennison and 
Smith 1961). 

Trap Yields 

The various models of traps do not have 
the same efficiency with different species 
of Glossina. G. brevipalpis is hardly, if at 
all, attracted by traps (Jack 1941; Saunders 
1964a; Moloo 1973). Morris (1961b) was 
able to capture specimens of G. pallicera 
and of G. medicorum, but none of G. ni
grofusca. G. p. gambiensis comes to a trap, 
but less readily than G. tachinoides 
(Morris and Morris 1949; Challier and La
veissiere 1973). 

Some authors have compared the yield 
of their models of traps with that of their 
predecessors and of other methods of cap
ture (see Tables 10-14 for examples). Ac
cording to Morris (1960) the efficiency of a 
crew of catchers is comparable to that of 
one man supervising eight traps. 

A good way of comparing the efficiency 
of traps with that of catchers consists in 
permuting the elements at various sites of 
capture. The yield may then be expressed 
in numbers of tsetse caught in a trap for 
every 100 of these insects caught by catch
ers (Morris and Morris 1949), or in num
bers of tsetse / day/ trap. Tables 10-14 give 
the yield of various models calculated 
from published data whenever the authors 
gave sufficient information for uniform ex
pression of their results. 

Quality of Sampling 

Qualitative Aspects 

Sex-Ratio 

Traps generally catch a higher propor-

tion of females than other methods of cap
ture. The number of females is almost 
always higher than that of males (Tables 
9-13). 

Sex-ratios vary with trap location and 
season. In the case of G. tachinoides, it is 
lower during the dry than during the rainy 
season (Morris and Morris 1949). Challier 
and Laveissiere (1973) observed that the 
more the trapping location was open and 
sunlit, the more G. p. gambiensis they 
caught. 

Feeding State 

Jack (1941) pointed out that in haemato
phagous insects the positive reaction to 
traps was associated with biting behaviour. 
Thus, both sexes of Stomoxys and 
Glossina come to the traps because the 
two are haematophagous, whereas this be
haviour is characteristic of females only in 
tabanids. 

In G. pallidipes samples caught with 
traps , the proportion of starved males is 
lower than in those caught on oxen (Smith 
and Rennison 196lb, c), but females are 
never very hungry because they possess 
reserves of fat (Jack 1941). 

Individuals that come to the traps in
clude: (1) for G. palpalis and G. m. sub
morsitans (Morris and Morris 1949) as well 
as G. f. fuscipes (G. palpalis auct. Lloyd 
1940), both sexes when they are hungry; 
(2) for G. pallidipes and G. morsitans, fe
males at all alimentary stages and males 
when they are hungry - this is also the 
case for G. brevipalpis, but there is some 
uncertainty concerning the males (Jack 
1939); and (3) for G. tachinoides, in addi
tion to starved individuals, there are also 
males seeking females (Morris and Morris 
1949). 

Age Composition of Samples 

Traps catch a higher proportion of older 
females than any other method. The G. 
pallidipes females caught in a Morris trap 
are older than those caught on men, on 
moving or stationary vehicles (Harley 
1967), or on a zebu or an ox (Saunders 
1962, 1964a). 
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In the case of G. E. fuscipes, the relation
ship with age is not as close as in the above 
species (Harley 1967; Saunders 1962). In 
the case of G. tachinoides, however, the 
proportions of tenerals and old parous flies 
in the trap samples are the reverse of those 
caught by the catchers (Challier and La
veissiere 1973). This situation, therefore, 
has a direct influence on the rate of tsetse 
infection by trypanosomes, since the pro
portion of infected flies is higher among 
the old than among the young (Saunders 
1962; Harley 1967). 

It would appear that the behaviour of 
Glossina changes with age (Saunders 
1962). Brady (1972a) observed in the labo
ratory that the effect of olfactory stimuli 
added to that of visual stimuli is stronger 
in teneral males than in the older ones. In 
the field , the proportion of young G. E. 
Euscipes increases when the trap contains 
dry ice (Rogers 1969). 

Pregnancy 

Gravid females come more readily to 
traps than to catchers. They mistake traps 
for larviposition sites (Saunders 1962, 
1964a). 

Quantitative Aspects 

Traps, like other methods of capture, do 
not give satisfactory quantitative results 
because daily fluctuations in numbers 
caught are too large. The longterm 
fluctuations shown by trapping follow 
those observed by classical methods, but 
are not significantly correlated (Glasgow 
and Duffy 1961). However, Tarimo et al. 
(1970) were of the opinion that trapping 
was the best method for assessing the de
cline of G. pallidipes populations after ae
rial applications of insecticide. 

When trapping extends over a long peri
od, the first captures are the largest. After 
a decline, the captures remain more or less 
at the same level. There is a "skimming" 
of starved individuals (Morris and Morris 
1949; Morris 1960). The shape of the activ-

ity curve established from trapping differs 
somewhat from the one based on capture 
by nets or other methods (Glasgow and 
Duffy 1961; Smith and Rennison 1961b). 
Glasgow (1956) raised the question of trap 
interactions when these are used in large 
numbers. 

The Use of Traps 

Advantages 

According to Morris (1961b) , traps have 
the following advantages over classical 
methods of capture: (1) possibility of uni
formization of data when a large number 
of observations is required, i.e. more traps 
may be added; (2) elimination of negative 
elements of the capture with nets, such as 
fatigue , absence due to sickness or bad 
weather; (3) economy of personnel, i.e. one 
man may supervise each day about 20 
traps scattered over several kilometres; (4) 
the traps may remain in one locality for 24 
h, thereby functioning during the whole 
activity period of the glossinids, whereas 
mobile crews may miss the activity peak 
during that period; and (5) variations in 
numbers caught reflect changes in the en
vironment or in the behaviour of flies . 

As a Research Tool in Ecology 

Traps are useful for the study of all as
pects of ecology (e.g. activity, dispersal, ec
odistribution, and population dynamics). 

The study of dispersal is facilitated by 
the possibility of placing a large number of 
traps over vast areas, but the fact that the 
radius of action of traps is only about 10 m 
(Glasgow and Duffy 1961) must be taken 
into account. 

Investigators who have used traps to re
capture specimens that had been marked 
and released have not been altogether sat
isfied with the results, because recapture 
rates have been low (Rennison and Smith 
1959; Vale 1971). However, Symes and 
Vane (1937) obtained 12% recaptures. 
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Traps are an economical complementary 
method in surveys conducted to ascertain 
the distribution of species or their rates of 
infection. It is possible wi th them, too , to 
multiply the points of capture without in
creasing the numbers of catchers. More
over, they are better sui ted to detect low 
densities than more usual methods (Glas
gow and Duffy 1961; Glover and Langridge 
1963). 

As a Control Method 

The first tsetse control operation was 
started on Principe Island with G. palpalis, 
using screens covered with glue (Maldo
nado 1910). A few years later, da Costa et 
al. (1916) adopted, as a technique, fores t 
clearing and animal killings. However, 
they continued using black screens on the 
backs of men dressed in white. In this 
manner, Principe was rid of G. palpalis. 

Harris traps were used in Zululand 
against G. pallidipes. In 1931, 487 traps 
captured 7 million flies, whereas in 1937, 
8928 traps caught only 57 000 (Harris 
1938). In Za'ire, Lewillon (1945) used his 
"dummy" in sleeping sickness areas. Mor
ris (1961b) , in Ghana, protected a tempo-

rary hospital and a college by placing his 
"animal-trap" at the edge of the forest. 

After the reinvasion of Principe Island 
by G. palpalis, 4651 Morris traps treated 
with DDT were used to reinforce other 
methods of control (Azevedo et al. 1962; 
Azevedo and Pinhao 1969). Morris (1950) 
recommended the use of 50 traps/ ha im
pregnated with DDT at a concentration of 
47-80 g/ m2 for control purposes. Rupp 
(1952), fac ing the problem of residual pop
ulations after aerial insecticide sprayings, 
impregnated attracting fabrics with DDT. 

Traps are not of themselves sufficient to 
eradicate tsetse flies (Van Hoof et al. 1938; 
Glover and Langridge 1963). With them, 
however, it is possible to obtain marked 
local reductions of vectors (Morris and 
Morris 1949). 

Goiny (1967), who was able to catch 440 
tsetse / hour in a heavily infected area, was 
of the opinion that 20 of his traps could rid 
nearly 1300 km of gallery forest, stream 
banks per year of their tsetse flies. Perhaps 
the new knowledge on tsetse attractants, 
including pheromones, will open up new 
ways to make traps more effective as re
search tools and for practical control pur
poses. - A. Challier. 
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Mass Rearing Using 
Animals for Feeding 

As early as the beginning of this centu
ry, in the early days of European scientific 
activities in Africa, a few experimenters at
tempted to rear small numbers of tsetse 
flies. Most of these workers were able to 
keep only a few flies alive during a limited 
period (Roubaud 1917a). Promising results 
were, however, achieved by some, albeit 
on a limited scale (Willett 1953). Later, 
other investigators established in Africa 
more important rearings, which enabled 
them to obtain necessary research materi
al. However, none of these rearings were 
really autonomous, since the reinforce
ment of colonies was generally assured 
from insects caught in the field (Nash et al. 
1958). 

After the 1950s, fundamen ta! research 
on African trypanosomiases and their vec
tors was intensified in Europe and North 
America. This resulted in an increased de
mand for large numbers of live tsetse flies. 
At the time, it was not known whether or 
not it was possible to create self
maintaining tsetse colonies to satisfy the 
research needs, although results obtained 
by Geigy (1948) encouraged the belief that 
this goal could be attained. 

Experiments were carried out in various 
European countries to assess the possi-

bility of establishing tsetse colonies. Un
successful pioneer laboratory breeding at
tempts (with references additional to those 
herein) , and successful efforts in the 1950s 
and 1960s have already been reviewed by 
Azevedo (1970). Some of these original 
colonies have, for various reasons, ceased 
to exist (Table 15). Only five laboratories 
now remain where tsetse production is 
proceeding at such a level that several 
thousand adult flies are always on hand, 
without external input and according to 
standardized techniques. 

Colonies in Africa 

In Africa, it is often difficult in the labo
ratory to: (1) maintain temperature and 
humidity conditions needed by Glossina 
spp.; (2) provide effective protection 
against predators (ants, cockroaches, ear
wigs, etc.); (3) avoid infections by bacteria 
or fungi; and (4) insure protection against 
accidental intoxications by various chemi
cal substances, especially insecticides. 
Therefore, there have been few tsetse colo
nies established with lasting success, and 
these have only been maintained with 
great difficulty. In the 1950s, however, 
Nash et al. (1958) succeeded in maintain
ing a significant level of laboratory pro
duction of G. palpalis at Kaduna, Nigeria. 
This, however, never became totally self
sustaining - that is, there had to be inter
mittent supplementation of the stock from 
fresh fie ld collections. 

From 1947 to 1954, Evens (1954) 
maintained G. palpalis (G. f. quanzensis) 
in the laboratory at Kinshasa (formerly Leo
poldville). In the absence of equipment 
necessary for the maintenance of correct 
climatic conditions, the life span of the fe
males did not exceed 22 days and it was 
not possible to achieve a self-maintaining 
colony. 

In Tanzania, Willett (1953) was able to 
raise G. swynnertoni to the eighth genera
tion, but a prolonged dry season caused 
the colony's decline during the following 
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Azevedo et al. 

Nash and Jordan 

ltard and Maillot 

ltard and Maillot 

Azevedo and Pinhao 

ltard et al. 

Azevedo and Pinhao 

ltard 

Jordan et al. 

Table 15. Tsetse colonies in Europe, 1959-1974. 

Laboratories Start Species Origin 

Escola Nacional de Saude Sept. 1959 G. m. morsitans Mozambique 
Publica e de Medicina Tropical, 
Lisbon, Portugal 
Tsetse Research Laboratory 
Langford, Bristol, U.K. 
Institut d'Elevage et de 
Medecine Veterinaire des 
Pays Tropicaux, 
Maisons-Alfort, France 
IEMVT, Maisons-Alfort, 
France 
ENSPMT, Lisbon, 
Portugal 
IEMVT, Maisons-Alfort, 

France 
ENSPMT, Lisbon, 
Portugal 
IEMVT, Maisons-Alfort, 
France 
TRL Langford, Bristol, 
U.K. 

June1963-
April 1966 

August 1964 

G. austeni 

G. m. centralis 

Feb-July 1965 G. m. morsitans 

Tanzania 

Tanzania 

Rhodesia 

April 1965 G. m. submorsitans Nigeria 

April 1965-
Dec 1966 
July 1966 

Nov 1966-
Jan 1967 

G. tachinoides 

G. m. morsitans 

G. austeni 

Feb-Mar 1967 G. m. morsitans 

Chad 

Rhodesia 

Langford 
(Bristol-U.K.) 
Rhodesia 

Present situation 

Colony extinct about 1971 
(intoxication by insecticide) 

Autonomous colony in 
stationary phase 

Rearing stopped end 1971 

Autonomous colony in 
stationary phase 

Colony extinct about 1971 
(intoxication by insecticide) 
Autonomous colony in 

stationary phase 
Colony extinct about 1971 
(intoxication by insecticide) 
Autonomous colony in 

Evens and van der Vloedt Laboratorium voor Oekologie, June 1967 G. m. morsitans Rhodesia 

stationary phase 
Autonomous colony in 

stationary phase 
Rearing stopped end 1970 

Evens and van der Vloedt 
Evens and van der Vloedt 
Langley et al. 

ltard 

Langley et al. 

Pinhao 

Evens and van der Vloedt 
Offeri et al. 

ltard 

Jordan 

Offeri et al. 
van der Vloedt et al. 

Antwerp, Belgium 
LVO, Antwerp, Belgium 
LVO, Antwerp, Belgium 
Seibersdorf Laboratory 
(IAEA), Vienna, Austria 
IEMVT, Maisons-Alfort, 
France 
IAEA, Vienna, Austria 

Institute de Higiene et 
Medicina Tropical, Lisbon, 
Portugal 
LVO, Antwerp, Belgium 
IAEA, Vienna, Austria 

IEMVT, Maisons-Alfort, 
France 
TRL, Langford, Bristol, 
U.K. 
IAEA, Vienna, Austria 
IAEA, Vienna, Austria 

Feb 1968 
April 1968 
end of 1968 

June 1968-
Jan 1969 

Begin. 1969 

G. p. pa/pa/is 
G. f. quanzensis 
G. austeni 

G. f. fuscipes 

G. m. morsitans 

Zaire 
Congo 
Langford 
(Bristol, U.K.) 

Autonomous colony in stationary phase 
Autonomous colony in stationary phase 
Rearing stopped 2nd quarter 1970 

Central African Autonomous colony in stationary phase 
Rep. 

Lisbon (Portugal) Autonomous colony in stationary phase 
+ Rhodesia 

Feb 1971 G. m. submorsitans Nigeria Autonomous colony in stationary phase 

Jan 1972 G. p. pa/pa/is Zaire Autonomous colony in stationary phase 
May-Dec 1972 G. tachinoides Maisons-Alfort, Rearing stopped June 1974 

France 
G. p. gambiensis Upper Volta Autonomous colony in stationary phase July 1972 

Sept 1973 G. m. morsitans . Tanzania Colony in the expansion phase 

Oct-Nov 1973 G. m. morsitans 
June 1974 G. p. pa/pa/is 

Tanzania 
Antwerp 
(Belgium) 
and Nigeria 

Colony in the expansion phase 
Colony in the expansion phase 

...... 
N 

"' 
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two generations. During the same period, 
attempts by the same investigator to raise 
G. morsitans and G. pallidipes were no 
more successful , although one colony of G. 
austeni was maintained until the fifth gen
eration with a high degree of reproductive 
activity. Also in Tanzania, Foster (1957) 
was unable to maintain G. morsitans be
yond the third generation. 

In contrast, MacDonald (1960), working 
in Nigeria, succeeded in rearing G. m. 
submorsitans over a 15-month period. 
This production was only terminated by 
his departure from Kaduna. Between 1960 
and 1972, Gruvel (1970a) and Gruvel and 
Balis (1966) succeeded in maintaining a 
colony of G. tachinoides in Chad. Condi
tions were difficult, and the low percent
ages of survival required frequent input of 
"wild" puparia and adults. This operation 
was interrupted in 1972, following the 
storage of pesticides in the insectary's vi
cinity. 

In the second half of 1964, a fully closed 
colony was set up at the University of 
Rhodesia, Salisbury, by Dr D.A. Dame, 
from flies that had emerged from puparia 
collected in the Zambezi Valley near Kari
ba. At that time the species was referred to 
as G. m. orientalis Vanderplank, but since 
the recent revision of the genus it has be
come known as G. m. morsitans West
wood. It has not been possible to establish 
unequivocally just how many flies were 
used to establish the colony, but Mr Lloyd 
Tsoka (who has been in charge of this col
ony from the outset), has indicated via 
Prof E. Bursell of the Department of Zool
ogy, University of Rhodesia, Salisbury,14 

that there was much initial difficulty and 
that "a very large number" of puparia had 
probably been brought in from the field 
before self-sustaining status was achieved 
after 3-4 months. With the departure of 
Dr Dame for the USA in 1969, the colony 
was taken over by Prof Bursell. Ever 
since the colony's establishment it has 

14 Who kindly supplied the contribution on 
the Salisbury colony (ed). 

been nourished on guinea pigs according 
to the methods described in Dame and 
Ford (1966). It has been entirely self
maintaining and has at no time required or 
received replenishment from the field. 
Routinely about 40 cages are maintained 
in the colony, maintenance being discon
tinued after the 14th week of adult life. 

Full records of the colony's performance 
have been maintained since 1969. During 
this time, recorded abortions have been 
steady at about 2% and puparial mortality 
at about 4%. The number of puparia pro
duced per cage of (initially) 25 females has 
shown a steady increase from 7 to 14. 
With mortality at the end of 14 weeks av
eraging about 60%, a production of 14 pu
paria / cage/week is close to the theoretical 
maximum at a temperature of about 25 
oc. 

Samples of puparia are taken regularly 
on Monday mornings, larvae having been 
deposited over the weekend. They would 
be expected to have lost about 5% of their 
initial weight by this time. Mean recorded 
weights have been 27-30 mg since the in
troduction of Sunday feeding in 1970. In 
1973 a program of selection for size was in
itiated and puparia (male and female) 
weighing less than 29 mg ceased to be 
used for breeding. Over a period of about 
6 months average puparial weight rose to 
32 mg, and weights have remained steady 
at about this level since late 1974. 

These progressive changes in perform
ance, against a background of constant 
conditions of maintenance, suggest that a 
process of selection has been at work. This 
has been confirmed by an experiment un
dertaken to compare the performance of 
normal laboratory females with that of fe
males reared in the laboratory from mat
ings with males brought from the field (as 
puparia). The "hybrid" flies showed sig
nificantly higher levels of mortality (50% 
mortality in 11 as compared with 14 
weeks) and regularly lower puparial 
weights (28.5 mg as compared with 31.0 
mg). 

East African Trypanosomiasis Research 
Organization (EA TRO) entomologists 
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achieved only indifferent results with G. 
morsitans imported from Tanzania (Moloo 
and Kutuza 1969), but nevertheless suc
ceeded in raising G. pallidipes for several 
years (Rogers and Kenyanjui 1972). For 
some years, Challier (1970) and Laveissiere 
(1973) have maintained a low level of 
production of G. p. gambiensis at: Bobo
Oioulasso, Upper Volta, for experimental 
purposes. 

Finally, import.ant levels of production 
are now being achieved in: The Interna
tional Centre of Insect Physiology and 
Ecology (ICIPE), Nairobi , Kenya - G. m. 
morsitans and G. austeni; The National 
Council for Scientific Research (NCSR), 
Lusaka, Zambia - G. m. morsitans; The 
Nigerian Institute for Trypanosomiasis Re
search (NITR), Kaduna, Nigeria - G. m. 
submorsitans; The Tsetse Research Pro
ject, Tanga, Tanzania G. m. morsitans 
(Williamson 1974); and the Institut d'Ele
vage et de Medecine Veterinaire des Pays 
Tropicaux (IEMVT), Bobo-Dioulasso, 
Upper Volta-G. p. gambiensis(Clair 1975). 

European Colonies 

All the tsetse species reared in European 
laboratories belong to the subgenera 
Glossina ( = morsitans group) and 
Nemorhina ( = palpalis group) (Table 15). 
There is at present no laboratory pro
duction of species belonging to the 
subgenus Austenina ( = Fusca group), al
though attempts at rearing species of this 
group were made between 1962 and 1970 
in Africa and Europe. 

During 1962, in Nigeria, Jordan (1962a, 
b), using simple installations, succeeded in 
rearing G. tabaniformis, G. medicorum, 
and G. Fusca. After those limited attempts 
he concluded that flies of the Fusca group 
could be reared as easily as the species of 
other groups. However, it was only with 
much difficulty that Finelle and Lacotte 
(1966) succeeded in maintaining a culture 
of G. f congolensis in the Central African 
Republic (1965-66). The rearing of the lat-

ter species was also attempted in the 
IEMVT laboratory of Maisons-Alfort 
(IEMVT 1969, 1970). The first experiments 
carried out in 1968-69 with puparia from 
the Central African Republic did not suc
ceed despite the fact that those adults 
hatched had a sufficient life span. This was 
due to the very low reproductive rate of 
the females, and considerable puparial 
mortality, shortly before hatching. A sec
ond attempt carried out in 1970 with G. f 
congolensis collected in Uganda was also 
unsuccessful. The females hatched in the 
laboratory failed to reproduce satisfac
torily. 

Switzerland 

Rearing techniques for tsetse flies pro
gressed considerably when Geigy (1948) 
succeeded in maintaining a breeding col
ony of G. palpalis (G. f quanzensis) for 
more than 5 years at the Swiss Tropical In
stitute, Basel. Adult flies (77 males and 211 
females) caught in the surroundings of 
Brazzaville (Congo) in October 1945 were 
engorged and then transported by airplane 
in a freezer maintained between 8 and 15 
0 C. Upon arrival at Basel, 3 days later, 
there were only 22 males and 98 females 
alive. These flies were used to initiate the 
colony. The adult flies were kept in cages 
measuring 14 X 8 X 4.5 cm (Roubaud 
modified system) enclosed with a 3-mm 
mesh cotton material. Each cage contained 
8 females and 6 males. The larvae were de
posited on the bottom of the cages. After 
passing through the netting, the larvae 
formed puparia and were then collected. 
Feedings, which lasted 45 minutes, were 
made every day, except Sunday, from 
four guinea pigs maintained in an ingenious 
device that allowed the cages to be applied 
to the flanks of the guinea pigs (2 cages 
each). Until 1947, the flies were reared at 
26 °C, and the humidity was maintained at 
about 80% by means of wet rags. This tem
porary installation afforded no tempera
ture control; therefore, in August 1947, the 
colony was moved to an air-conditioned 
room that ensured a continuous circula-
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/ I 

Immobilized guinea pigs being exposed to caged G. m. submorsitans in laboratory of F. de Azeve
do, Lisbon, Portugal, 6 Feb 1965 (M. Laird). 

tion of the air as well as a temperature of 
26 °C and a humidity of 85%. The room 
was automatically lit by fluorescent lights 
from 6:00 until 18:30. 

The tsetse population increased more or 
less regularly until May 1947, when it 
reached a little more than 1400 flies . From 
June to December 1947, the population de
creased to 250 individuals, and then rose 
again to 1400 (800 females and 600 males) 
in September 1948. Although Geigy did 
not publish any further observations, 
Nash (1963) mentioned that this rearing 
had then survived for about 5.5 years. 

Geigy also tried to rear GJossina from 
puparia imported from Kinshasa , Zaire 
(4 shipments) and Entebbe, Uganda (1 
shipment). However, these populations 
could not be maintained for more than 19 
months for the largest shipment (180 pu
paria), and only 4-6 months for the other 
shipments. 

Portugal 

The second successful attempt to estab
lish closed colonies took place at Lisbon's 
Institute of Tropical Medicine (now re
named the National School of Public 
Health and Tropical Medicine). Azevedo 
and Pinhao (1964a,b) used 238 G. rn. 
morsitans puparia (imported from Mo
zambique in September and October 
1959), from which 21 males and 22 females 
hatched to become the colony's parent 
generation. The output remained fairly 
stable at a low level for 4 years. It was only 
after November 1963 that the population 
began to increase at an appreciable and 
uniform rate, the number of adult tsetse 
rising in 1 year from 21 to 1000. Azevedo 
and Pinhao (1964a ,b) attributed their suc
cess to a new rearing technique, with par
ticular respect to keeping the puparia in 
wet sand. 
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In April 1965, the rearing of G. m. 
submorsitans was undertaken with 83 pu
paria collected in Nigeria (Azevedo and 
Pinhao 1967); and in July 1966, a colony of 
G. m. morsi tans was established from 1800 
puparia collected in Rhodesia (Azevedo et 
al. 1968). From the beginning, this G. m. 
morsitans colony developed much better 
than the colony of G. m. morsitans from 
Mozambique (Pinhao et al. 1970). On the 
other hand, the Rhodesian colony of G. m. 
morsitans (p. 127) progressed at a much 
slower rate (Dame et al. 1970). 

These three colonies prospered until 
1971, when they were destroyed by an in
secticide spraying carried out in the vicin
ity of the laboratory (Azevedo 1971). In 
1969, efforts were initiated to colonize G. 
pallidipes (starting with 400 puparia from 
Kariba, Rhodesia); this attempt failed, 
whether from insecticide contamination, 
physical shortcomings, or inadequate in
semination is unclear (Azevedo and Guer
reiro 1971). Since February 1971, a small 
colony of G. m. submorsitans, originating 
from Nigeria and comprising 600 females 
and 200 males, has been maintained at 
Lisbon's Institute of Hygiene and Tropical 
Medicine (Pinhao, personal communica
tion 1975). 

The United Kingdom 

A closed colony was established at Lang
ford, near Bristol, England, at the Tsetse 
Research Laboratory. Using special pack
ing techniques (Kernaghan and Nash 
1964), the Langford scientists imported, 
between June 1963 and April 1966, 49 000 
G. austeni puparia collected in Zanzibar 
(now in Tanzania) (Nash and Jordan 1970). 
From December 1965, the colony grew 
spectacularly. Since April 1966, it has been 
entirely closed and has shown a large sur
plus. 

In February and March 1967, a colony of 
G. m. morsitans was established from 
tsetse (initially 94 females) that emerged 
from puparia collected in Rhodesia . There 
was further importation of puparia, and in 

September 1969, the population included 
3200 females (Jordan et al. 1970). 

In September 1973, the production of G. 
m. morsitans was initiated with flies (in
cluding 146 females) emerging from pupa
ria collected in Tanzania (Jordan 1974a, b). 

France 

In August 1964, a colony was started at 
the IEMVT entomology laboratory at Mai
sons-Alfort, from the flies yielded by 326 
G. m. centralis puparia collected in July 
1964 in Tanzania (Itard and Maillot 1966). 
This colony, initially having 68 females, 
progressed very slowly. There were still no 
more than 160 females in December 1965. 
After being used for various experiments, 
this colony was abandoned in November 
1967. 

In 1965, the IEMVT investigators re
ceived from Rhodesia 1110 G. m. 
morsitans from which 446 adults (220 
males and 226 females) hatched. The col
ony remained stable throughout 1966 (av
eraging 360 females) . It was only during 
1967, after the introduction of rabbits as 
the source of blood, that the numbers in
creased sharply, from 455 females in Janu
ary to 2710 females in December (Itard 
1971a). 

The first attempts at rearing G. 
tachinoides were made in April 1965 from 
124 puparia collected in Chad. This iso
la te survived with difficulty. Although a 
new shipment of 147 puparia was received 
in February 1966, the colony still had only 
28 females in October 1966. In November 
and December 1966, a further shipment of 
3162 G. tachinoides puparia from Chad 
and the use of rabbits for feeding purpos
es, gave the colony new impetus. Despite 
an accidental insecticide exposure in June 
1967, the numbers reached 2105 females in 
December of the same year (Itard et. al. 
1968). 

In October 1966 and January 1967, the 
Langford laboratory shipped 249 puparia 
of G. austeni to Maisons-Alfort. From 
these, a colony was initiated. Starting with 
19 females in January 1967, it remained 
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stable at a low level for nearly 8 months. 
The numbers started to increase in Sep
tember 1967, when 60 females were pres
ent. There were more than 1000 females in 
May 1968, and 2000 in November 1968 
(Itard 1971a). 

The rearing of G. f. fuscipes began in 
June 1968, using the flies emerging from 13 
puparia collected in the Central African 
Republic. Two other lots of 39 and 43 pu
paria of the same origin were received in 
November 1968 and January 1969. These 
three shipments originated the G. f. 
fuscipes strain of Maisons-Alfort (Itard 
1971a). The colony progressed until Febru
ary 1970, when the stock grew to 1125 fe
males. Later, there was a decline in num
bers, and by July 1970 only 556 females 
remained. The population then increased 
quite rapidly, reaching 2132 females in 
March 1971, and 4826 by September of the 
same year. The decline in numbers experi
enced during early 1970 may have been 
due to inbreeding, because an increasing 
number of individuals exhibited lethal 
genes in the homozygous state (Itard 
1971a). 

The rearing of G. p. gambiensis began in 
July 1972 from two lots of wild females 
and puparia collected in Upper Volta. In 
August 1972, there were 54 females in the 
colony. By October 1972, the total had 
fallen to 47. After this, the colony devel
oped at a uniform rate . It contained more 
than 1000 females by December 1973 
(Itard 1975a), and reached 4700 in July 
1974. Since August 1974, the number has 
been kept constant at about 4800 by with
drawing the surplus offspring - about 
3000 puparia and 180 females monthly 
(Itard 1976). 

Belgium 

Rearing attempts started as early as 1966 
at the Laboratoire d'Ecologie du Rijksuniv
ersitair Centrum of Antwerp. Initially, 
these efforts depended upon the availabil
ity of G. morsitans puparia from Portu
guese sources in Africa, and from Rhode
sia. This colony never exceeded 60 

females. It suffered (June-August 1967) a 
slow intoxication by insecticide that al
most completely destroyed it (Van der 
Vloedt et al. 1968). G. m. morsitans pupa
ria collected in Rhodesia in June and Octo
ber 1967, and March, May, and October 
1968 (Van der Vloedt 1970; Van der Vloedt 
et al. 1968) enabled the reinstatement of 
this colony. It was, however, discontinued 
after 1970. 

In February 1968, the rearing of G. p. 
palpalis was undertaken from five females 
imported from Zaire. This colony devel
oped uneventfully. By September 1970, it 
included 2750 females (Van der Vloedt 
1971). 

During 1971, researchers at Antwerp, 
noticing a decrease in production, a notice
able increase in both the death rate (over 
5% per day) and the proportion of sterile 
females, established a second independent 
colony from female G. p. palpalis caught 
in lower Zaire from December 1971 to Jan
uary 1972. The rate of increase of this col
ony was very satisfactory and the popula
tion was maintained, during 1974, at an 
average of 2500 females (Van der Vloedt, 
personal communication 1975). 

In April 1968, from 53 female G. f. 
quanzensis captured near Brazzaville 
(Congo), a third colony was established, 
which also developed uneventfully. The 
population reached close to 250 females in 
February 1969 (Evens and Van der Vloedt 
1970b), and produced 1250 females per 
day at the fifteenth generation (Van der 
Vloedt, personal communication 1975). 

Austria 

The International Atomic Energy 
Agency (IAEA) initiated the rearing of 
Glossina with a view to developing mass
rearing techniques, studying artificial feed
ing through membranes, · and obtaining 
flies that could be used in control pro
grams involving the release of sterile males 
(Wetzel et al. 1975). 

Production was undertaken in late 1968 
and early 1969 with G. austeni puparia 
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from the Langford laboratory (United 
Kingdom), and continued until mid-1970. 

Early in 1969, a colony of G. m. 
morsitans was established from puparia 
obtained from the Lisbon rearing, and di
rectly from Rhodesia. This colony devel
oped with excellent reproduction and lon
gevity rates. However, numbers have 
always remained quite moderate - less 
than 1000 females in March 1974, for the 
strain fed on live animals, and less than 
700 for the strain fed through a membrane 
(Wetzel 1974). 

Several lots of G. tachinoides puparia 
shipped from IEMVT's Maisons-Alfort 
laboratory (May-October 1972), enabled 
the establishment of a colony initially in
cluding 600 females. This population grew 
rapidly, but was reduced to about 1000 fe
males at the end of April 1973, and held at 
this level until December 1973. It was dis
continued in June 1974 (Offeri and Dorner 
1974). 

Finally, a culture of G. m. morsitans was 
started at the end of 1973 from puparia 
collected in Tanzania. The colony, which 
initially had 54 parous females, included 
137 females in March 1974 (Offeri and 
Dorner 1974). 

Other Colonies 

The availability of flies , particularly 
from Langford, has led to an important 
stimulation of physiological studies. In 
Canada, for example, a small colony of G. 
austeni was maintained first at the Insti
tute of Parasitology of McGill University in 
Montreal and later transferred to York 
University in Downsview, Ontario. G. m. 
morsitans is also reared at the University 
of Toronto. These colonies are intended to 
produce limited numbers of flies for physi
ological studies, and are not closed, being 
augmented at frequent intervals by pupa
ria from the parent colony in Langford. 
The flies are fed on rabbits on alternate 
days (Tobe and Davey 1971). 

Since this section was prepared, Dr G. 

Poinar, Jr has reported parasitological 
studies undertaken with G. m. morsitans 
reared at the Department of Entomology, 
University of Amsterdam. 

Basic Conditions for Tsetse 
Colonizations 

The factors governing tsetse coloniza
tion are closely related to the biology and 
ecology of these insects. Success depends 
on the observance of rules already pub
lished by various authors (Evens 1964; 
Nash 1963; Lumsden and Saunders 1966; 
Itard 197lb,d). 

Since both sexes of tsetse are strictly 
haematophagous, proper food is essential. 
Following experiments with various spe
cies of mammals, research workers gener
ally feed their colonies on guinea pigs, rab
bits, or goats. Experiments on artificial 
feeding through a membrane with haemo
lyzed or defibrinated blood are also being 
carried out in various laboratories. 

The number of meals varies according 
to the temperature of the environment, 
and the physiological state of the flies . In 
practice, the insects being reared must be 
given the opportunity to feed every day. 
With well-established colonies, however, it 
is possible to omit feeding 1 day each 
week. When the flies are fed on live ani
mals, care must be taken to avoid cutane
ous reactions in the host animal subjected 
to too-frequent bites (Nash 1970a; Nash et 
al. 1965). This is achieved by ensuring that 
each animal is rested for at least 3 days be
tween utilization periods. 

Female tsetse are larviparous. The first 
larva is deposited at about 18-20 days, 
with subsequent ones following it at regu
lar intervals, averaging 10 days. Under op
timum conditions the mean life span in 
the laboratory is about 100-150 days; 
therefore, a female's average lifetime prod
uction of larvae is 10-15. The growth rate 
of a population is therefore very slow. 
Consequently, it is important to provide 
the females with optimum living condi-
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tions and as high an insemination rate as 
possible. 

The most favourable conditions are 
achieved, depending on the species, with a 
temperature of 24-26 °C and a relative hu
midity of 60-85%. Temperatures above 
27-28 °C lead to a high mortality among 
both puparia and adults , and the cessation 
of larviposition by surviving fertilized fe
males. Puparia are generally maintained at 
slightly lower temperatures than adults 
(23.5-25.5 °C) and at a somewhat higher 
relative humidity (80-90%). Under these 
conditions, the average duration of the pu
parial stage is (depending on sex and spe
cies) 27-37 days; the hatching rate exceeds 
92%. 

Females mate when 3 days old with 
males at least 7 days old . In general, 
groups of 10-25 females are caged with an 
equal , or slightly superior, number of 
males for a period of 24-72 h, after which 
the sexes are separated. With this tech
nique, insemination rates are always above 
80%, and usually between 86 and 96%. 

Different investigators have favoured dif
ferent light regimes. Generally, though, a 
rhythm is adopted of more or less intense 
artificial lighting during the day with the 
flies remaining in the dark from 18:00 until 
6:00. 

One of the major causes of failure in 
tsetse rearing is accidental contamination 
by insecticides (Azevedo 1972; Nash et al. 
1971). It is often very difficult to track 
down the source of such contamination, 
the effects of which may be insidious and 
not detected for many days after the intox
ication has started. The insecticide may be 
introduced into the rearing chamber by 
blood-donor animals (Azevedo and Pinhao 
1967; Nash et al. 1971; Van der Vloedt et 
al. 1968). There may also be contamination 
via attendants' or visitors' clothing, or 
maintenance material and products. A 
close watch is therefore necessary to en
sure that the use of all insecticides is 
banned in the vicinity of the insectary. 
Electrocution traps with a UV attractant 
(Nash and Jordan 1971) may be used to de
stroy winged insects seasonally invading 

the rooms where the host animals are 
kept, and where tsetse flies are reared. 15 

Moreover, the thorough washing of newly 
introduced feeder anima ls is recommend
ed . 

Paint fumes , formal dehyde contained in 
the glue of laminated wood and some var
nishes, and tobacco smoke are all danger
ous to tsetse. Chlorine is also harmful, and 
the material used in the insectary, particu
larly the cage netting, must be washed 
with ordinary white soap and carefully 
rinsed with demineralized water. 

Another cause of intoxication, resulting 
in a lower fecundity rate in females, origi
nates from certain medicaments adminis
tered to the feeder animals or contained in 
thei r food (Jordan and Trewern 1973; 
Turner and Marashi 1973). 

Comparison of Different 
Techniques 

Feeding 

In all laboratories the flies are fed on live 
animals 6 days a week, the main differ
ences being in the choice of feeder ani
mals. In addition, at Langford and Seibers
dorf, artificial feeding techniques through 
membranes are being developed for the 
maintenance of some species in closed col
onies. 

On Live Animals 

Langford Laboratory 

The Langford colonies are fed in the 
proportion of 11% for G. morsitans and 
21 % for G. austeni on lop-eared rabbits 
weighing, on the average, 3-4 kg. The rest 
are fed on the flanks of large (European) 
goats. Other animals (sheep, pigs, calves) 

15 Adequate screening of the facility to en
sure no escapes of adult tsetse should preclude 
such seasonal invasions too (ed). 
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have also been used on an experimental 
basis. 

Rabbits - The Langford group was able 
to obtain (for the first time with tsetse) a 
virtually maximum rate of reproduction, 
by feeding their G. austeni colonies at the 
ears of rabbits (Nash et al. 1966; Jordan et 
al. 1967). 

Initially, a cage containing 10 flies was 
placed on each ear of a rabbit for 15 min
utes. Later, the feeding time was reduced 
to 10 minutes and the number of flies per 
cage was increased to 15. 

Three groups of rabbits are used per 
week, each group providing food for the 
flies one day out of three (or four when the 
third day is not a working day). The num
ber of flies placed on each rabbit never ex
ceeds 160 per day. About half of these flies 
actually feed (Jordan et al. 1967). The pos
sibility of increasing the number of flies 
without harming the rabbit, or decreasing 
the longevity and fecundity of the tsetse 
flies, is being investigated. In the case of G. 
morsitans, 270-300 flies are an acceptable 
number; for G. austeni, 400-450 is the 
maximum tolerable limit (Nash et al. 
1971). 

Using a daily maximum of 160 flies per 
rabbit, the eventual puparial yield was 8-9 
for each female G. austeni, the individual 
puparia averaging 23-24 mg. This is equiv
alent to the average weight of newly 
formed puparia collected in the field. Feed
ing on rabbits gives equally good results 
with G. morsitans, and this technique has 
also been used with success at Maisons
Alfort with other species of Glossina (ltard 
1975a; Itard and Maillot 1970). 

Goats - These animals give very satis
factory results at Langford. Six cages, 25.4 
X 12.7 X 5.0 cm, covered with black tery
lene netting and containing 25 flies per 
cage , are placed on the flanks of the goats 
(3 cages on each side) for 15 minutes. The 
flanks of the goats are sheared every 15 
days, but not shaved. All animals are 
washed with soap and warm water every 
other month. Moreover, each goat is tested 
at about 4-month intervals to determine its 
capacity as a feeder host. The proportion 

of fasting 2-day-old males that feed on the 
animal provides a "host-capacity index," 
which must not be below 80%. Incapacity 
on the host' s part may be due to sensitivity 
to tsetse saliva, to thickness or hardening 
of the skin, or to a poor general condition 
due to old age or parturition (Nash et al. 
1968). 

A 73-kg adult goat can thus feed 800 
flies every 3 days. The cages are secured on 
the sides of the goat by means of rubber 
bands in such a way as to ensure a close 
contact with the skin surface. Using this 
method, the Langford group regularly 
achieves a production of 7-8 puparia 
weighing 23-24 mg from each female G. 
austeni, and 5-6 puparia weighing about 
30 mg for G. morsitans. These weights are 
comparable to those of naturally produced 
puparia. 

Calves, sheep and pigs - Research car
ried out at Langford on the use of large an
imals as feeder hosts has shown that, 
whereas pigs and sheep are difficult to 
handle, feeding on calves gives satisfactory 
results. However, wastes from these ani
mals, and their handling, create problems 
under laboratory conditions in Europe. In 
Africa, where climatic conditions allow the 
feeding of flies in the open air, the use of 
calves, or even adult cattle, may present 
less difficulty (Jordan et al. 1966). 

Maisons-Alfort Laboratory 

After the initial use of guinea pigs as 
feeder animals (Itard and Maillot 1966), all 
colonies were fed on the ears of rabbits 
(Itard 1971b; ltard et al. 1968), as at Lang
ford, from January 1967 onwards. A feed
ing opportunity was presented daily, ex
cept on Sundays. At present, groups of 
nine adult rabbits of the "bouscat" race, 
weighing 5-7 kg, are each used 1 day a 
week, and allowed to rest during the fol
lowing 6 days. The cages (14 X 8.5 x 5 
cm), containing 30-35 flies, are kept on the 
rabbits' ears for only 4-5 minutes. This 
permits the feeding of all colonies (22 000 
flies approximately) in one morning. As 
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Tsetse being fed on ears of rabbits, IEMVT, Maisons-Alfort, 27 Jun e 1973 (]. Itard). 

each fly averages one meal every 2 or 3 
days, a single rabbit therefore feeds 
1000-1200 flies one morning a week. 

Rabbits do not seem to suffer from this 
schedule. They do not lose weight, longev
ity is adeq uate, and the only causes of 
mortality observed are infections by 
Pasteurella , which is endemic in the 
hutches. However, longevity and repro
duction rates of puparia of G. austeni and 
G. m. morsitans are relatively lower than 
those achieved at Langford with the same 
species. 

Seibersdorf Laboratory 

The flies are fed daily (except on Sun
day) on rabbit ears, for 5 minutes at a 
time, as at Maisons-Alfort. However, each 
rabbit is used every 3 days. On the aver
age, 300 flies are fed on one rabbit, but this 
figure is sometimes much higher (Mews et 
al. 1971). 

An twerp Laboratory 

Feeding is carried out daily, except Sun
day, exclusively on guinea pigs. These, 
their hair clipped with scissors, are immo
bilized on a holding board equipped with a 
drawer for collecting faeces and urine. The 
cages, each containing 1-10 flies, are 
placed between two guinea pigs for a pe
riod of 0.5 h (Evens and Van der Vloedt 
1970a). 

Artificial Feeding 

Mainly at Langford and Seibersdorf, at
tempts have been made to feed tsetse 
through an artificial membrane on blood, 
which has been rendered uncoagulable. 
The eventual objective of these investiga
tions is the replacement of blood by a 
chemically defined artificial medium. Un
successful experiments were undertaken 
at Langford (Langley 1972) to maintain 
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closed colonies of G. morsitans on haemo
lyzed ox blood, and at Seibersdorf (Mews 
et al. 1976a,b) using fresh defibrinated bo
vine blood. However, small self-maintain
ing colonies of this species were estab
lished in both laboratories by feeding flies 
5 days a week through a membrane, and 1 
day on live rabbits (Langley and Pimley 
1976; Mews 1975; Mews et al. 1976a). 
Production rates of female G. morsitans 
fed in this manner were good (6-7 puparia 
per female) , but the weight of the puparia, 
26-27 mg, was about 10% lower than that 
of those produced by females fed on live 
animals. 

At Maisons-Alfort, experiments with arti
ficial feeding on citrated-glucosified sheep 
blood through a silicone synthetic mem
brane were also undertaken with females 
of G. austeni and G. morsitans. Although 
longevity and larviposition of females fed 
artificially are quite good, the puparial 
weights are also nearly 10% lower than 
those of puparia produced by females fed 
on rabbits (Pagot et al. 1973). 

Recently, the problem of low weights of 
puparia produced by female tsetse fed arti
ficially seems to have been overcome at 
Langford by feeding the flies on fresh defi
brinated pig blood, without the need of 
supplementing this diet by a 1-day-a-week 
feeding on a live animal (Mews et al. 
1976a). The fly cages consist of a plastic 
cylinder 4.5 cm high and 12.5 cm in diame
ter, closed by stretched black terylene net
ting. The blood, placed on grooved glass 
plates kept at a temperature of 40 °C, is 
covered by a well stretched parafilm mem
brane on which rests a second agar mem
brane, 1.5 mm thick. The cages, each con
taining 15 females, are left in contact with 
the agar membrane for 15 minutes. By us
ing only this feeding method a closed col
ony having about 5000 females was estab
lished. Each female produced an average 
of 5--6 puparia weighing 30 mg. 

Perfect sterile conditions are essential 
when artificial feeding techniques are 
used . If these aseptic conditions are not 
achieved, heavy mortality occurs among 
the flies (p. 145). Their abdomens become 

black, and the intestinal track exhibits 
bacteria of the genera Pseudomonas, Aero
monas, Flavobacterium, Micrococcus, etc., 
which cause death (Bauer 1974). 

Maintenance of Colonies 

Climatic Conditions 

Langford Laboratory 

Adults are kept at a temperature of 25 
°C; humidity rates are 70-80% for G. 
austeni and 60-70% for G. morsitans. Pu
paria are kept at 23.5 °C. A lighting 
rhythm of 12 h (5-27 lux) followed by 12 h 
of darkness is maintained in the insectary. 

Maisons-Alfort Laboratory 

Temperature throughout the insectary is 
maintained at 25 °C ± 1 C0

. Humidity 
rates vary from 60 to 80%, depending on 
the species; puparia are kept in a small 
room at 80-85% relative humidity. 

The air, constantly renewed, is aspirated 
from the outside, then evacuated by an au
tomatic extractor through metal sheaths 
equipped with adjustable flaps. Lighting is 
provided by neon lamps that are manually 
controlled, with the exception of one pro
grammed by an electric clock that cuts the 
circuit at 18:00 and reestablishes it at 6:00. 

Seibersdorf Laboratory 

The rearing rooms are maintained at a 
constant temperature of 25 °C ± 0.5 C0 

and a relative humidity of 60 ± 10%. The 
air is renewed about 2.5 times an hour, 
and is circulated through the insectary by 
means of small ventilators. 

Antwerp Laboratory 

Forced air circulated through vapour 
from boiling water gives a relative humid
ity of 80-85%, which can be raised to 95%. 
To maintain the temperature in the vicin
ity of 25-26 °C, air cooled by freon pipes is 
introduced from the ceiling. 
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Collection of Newly Hatched Flies 

Langford Laboratory 

Puparia are kept on dry sand in alumi
nium tanks (40 X 8.2 X 2.5 cm) placed in 
a large hatching cage covered with a re
moveable stainless steel frame (40 X 35 X 
10 cm) covered with black terylene net
ting. Hatched fli es are collected every day, 
immobilized by cooling to 2-4 °C, sexed, 
and placed in cages. Hatching rates vary 
from 96 to 98%. 

Maisons-Alfort Laboratory 

Puparia, collected each morning, are im
mediately placed in 8 cm sterile glass tubes 
3.6 cm in diameter. Thirty to thirty-five 
puparia are introduced into each tube, and 
no sand is added. The tubes are covered 
with a sq uare of tergal netting kept in 
place by a rubber band and stored in a 
small room until hatching takes place. 
Hatched flies are released in a large cage, 
collected by means of a test tube, sexed, 
and placed in cages according to sex and 
species. Hatching rates exceed 92% in all 
cases (overall mean = 94%). 

Seibersdorf Laboratory 

A technique similar to the one at Lang
ford is used. Hatching rates are of the or
der of 95-96%. 

Antwerp Laboratory 

The technique generally resembles that 
used at Maisons-Alfort, except that the 
bottoms of the glass jars are covered with 
sterile sand in which puparia are buried. 
Hatching rates vary, according to species, 
from 79.6% (G. f. quanzensis) to 94% ( G. 
p. palpalis). 

Mating 

Very similar techniques are used in the 
four laboratories. Groups of 1-25 females, 
3-days-old (3-6 days at Antwerp), are 

placed with an equal or slightly larger 
number of males, at least 7 days old (5 
days at Antwerp); sexes are separated after 
24-72 h (1 week at Antwerp). 

The separation of sexes is carried out in 
a cold (2-4 °C) atmosphere at Langford, 
and in a CO, atmosphere at Seibersdorf. 

However, it was found at Langford that, 
with this method, insemination rates were 
low for G. austeni. They were higher when 
one male was introduced into a tube con
taining only one female. At Maisons-Al
fort , on the other hand, G. austeni (like the 
other species reared) is mated in groups 
(10-15 females with as many males). 

Maintenance of Reproductive Females 

Females are kept in cages made of a 
stainless metal frame covered with netting 
(black terylene at Langford, white tergal at 
Maisons-Alfort) with meshes of a size al
lowing the passage of deposited larvae, but 
not of adults. The dimensions of these 
cages and the number of females per cage 
vary between laboratories. 

At Langford two types of cages are used: 
large ones, 25.4 X 12.7 X 5.1 cm, contain
ing 25 females fed on goats, and small 
ones, 15 X 8.5 X 5 cm, containing 15 fe
males fed on rabbits. At Maisons-Alfort 
only small cages (14 X 8.5 X 5 cm) are 
used, each. containing 30-35 fe males. At 
Antwerp the cages (15 X 10 X 17 cm), 
covered with cotton netting, contain 10 fe
males. At Seibersdorf, cages are made of 
polyvinyl chloride tube sections of varying 
dimensions. The section surfaces are cov
ered with black terylene netting glued to 
the periphery of the tube (Mews et al. 
1971). 

At Langford and Maisons-Alfort the 
cages are aligned, in groups of 10, in metal 
supports (Itard and Gruvel 1969; Nash et 
al. 1971), under each of which is a drawer 
containing sand or a sheet of tissue paper. 
The larvae pass through the mesh of the 
cages and fall into the drawer where they 
metamorphose into puparia. All that has 
to be done is to remove the drawer each 
morning and collect the puparia . The use 
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Table 16. Coeffi cient of natural growth (rm) for species reared in Europe. 

Labora tories Se ecies Feeder animals rm Values Observa tions 

Tsetse Resea rch Laboratory, G. austeni Rabbit 0.0166 from Jordan and Curtis 1968 
Langford , U. K. G. austeni Rabbit 0.0173 from Curtis and Jordan 1970 

G. austeni Goat 0.0157 from Curtis a nd Jorda n 1970 
G. m. morsitans Rabbit 0.0166 from Jordan and Curtis 1972 
G. m. morsitans Goat 0.0145 fro m Jordan and Curtis 1972 

IEMVT, G. tachinoides Rabbit 0.0125 rm values obta ined from 
Maisons-Alfo rt, France G. f. fuscipes Rabbit 0.0082 equation for 

G. p. gn111liie11sis Rabbit 0.0083 actual growth curves of 
popu lations 

Laboratorium voor G. p. palpalis Gu inea pig 0.0092 from Va n der Vloed t 1975 
Oekologie, 

Antwerp, Belgium G. f. quanzensis G uinea pig 0.0077 fro m Va n der Vloed t 1975 

of this apparatus permits a large number 
of females to be stocked in a limited space, 
resulting in a significant saving of time in 
puparial harvesting. At Seibersdorf and 
Antwerp the cages are placed in plastic 
tubs, into which the larvae fall. 

Productivity of Laboratory-Reared 
Tsetse 

The productivity of tsetse fed on ani
mals was examined by Jordan and Curtis 
(1968, 1972) and Curtis and Jordan (1970). 
Colonies are said to be in the "expansion 
phase" when all the offspring produced 
are reintroduced into the culture. The 
growth of such a colony is then exponen
tial. Its growth rate is represented by the 
formula: 

in which: t = time interval in days; N0 = 
number of females at time O; N , =number 
of females at time t ; and rm = coefficient of 
natural growth. This value, characteristic 
of the species considered, is also a function 
of the conditions under which the popula
tion is raised . 

Some values of rm for the species reared 
in Europe are given in Table 16. Important 
differences from one species to another, 
and also according to the rearing methods 

used, can be seen . The species in which 
the rm values are the highest are those of 
the morsitans group reared at Langford. It 
is well known that the species belonging to 
this group can be reared much more easily 
than those of the palpalis group, the repro
duction rates of which are lower. More
over, the rm values calculated by the Lang
ford investigations are obtained from life 
tables for females, which give probabilities 
of survival at different ages, and from fec
undity tables in relation to the age of fe
males. Maximum growth rates of colonies 
in the expansion phase are thus obtained. 

In contrast, the rm values given for the 
species of the palpalis group reared at 
Maisons-Alfort were derived directly from 
the growth-rate equation using the actual 
numbers of females at the time the colon
ies were in the expansion phase. These 
values, therefore, do not represent the 
maximum growth rates of the species. Un
der these conditions, however, the values 
arrived at for G. tachinoides are signifi
cantly higher than those for other species 
of the palpalis group. This species has in 
fact a better reproductive rate, close to that 
of the species of the morsitans group. 

The rm values computed at Antwerp for 
G. p. palpalis and G. E. quanzensis, were 
calculated from actual data collected from 
individual rearings of these species (Evens, 
personal communication). 

From the rm values it is possible to derive 
the time required for the population to 
double (a constant factor in the case of ex
ponential growth) and also to make pre-
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Table 17. Alternative measures of the maximum rate of increase of expanding 
colonies ofG . morsi tans (from Jordan and Curtis 1972). 

Method 
of raising 

G. 111orsitans rm 

Goat-fed 0.0145 
Rabbit-fed 0.0166 

dictions from one to several years in ad
vance. Table 17 shows the various 
parameters established by Jordan and Cur
tis (1972) with their colony of G. m. 
morsitans in the expansion phase. Various 
factors significantly affect the course of de
velopment of a population. The main ones 
were analyzed by Pinhao (1972). General
ly, the daily mortality rate must not exceed 
2% of the colony (Jordan 1975). 

From the practical point of view, it is in
teresting to know the productivity of colon
ies in the "stationary phase." A colony is 
in the "stationary phase" when, having at
tained a given size, the numbers are 
maintained at a constant level by remov
ing the excess progeny, which thus be
come available for various research pro
jects. The yield of such a colony can be 
measured simply in terms of excess pro
geny that can be removed from the colony 
without reducing the number of females. 

In 1973, the Langford rearing included 
an average complement of 7700 females 
(4500 females of G. morsitans and 3200 fe
males of G. austern) fed on animals: 91% 
on goats, the balance on rabbits . These fe-

Doubling Increase 
time in 1 yea r 

47.8 days 199-fold 
41 .7 days 428- fo ld 

males produced, during the same year, 
220 800 puparia, of which 123 800 were 
used for research and not returned to the 
colony (Table 18). 

At Maisons-Alfort, during the same 
year, the colony included a total of 13 670 
females, excluding the females of G. p . 
gambiensis, the rearing of which was then 
in the expansion phase. A total of 272 000 
puparia (excluding those of G. p. 
gambiensis) were produced. The excess 
production was 110 500 individuals (Table 
18). Thus, these two colonies gave a sur
plus representing about half of their an
nual production (56% at Langford; 41% at 
Maisons-Alfort) . 

Jordan and Curtis (1972) estimated the 
numbers that can be removed weekly 
from a colony of 100 adults of G. 
morsitans in the stationary phase (Table 
19). In column 1 is shown the weekly 
production of viable puparia of each sex 
from such a colony (number of puparia 
multiplied by the observed hatching rate). 
Columns 2 and 3 show the numbers of 
adults that must be reintroduced into the 
colony to replace the dead ones. Since one 

Table 18. Productivity of glossinid rearings at Langford and Maisons-Alfort in 1973. 

Annual surplus 
Average Annua l of production 

Laboratories Species rea red number pupa rial (puparia + 
of females production adults) 

Tsetse Research Laboratory, G. austeni 3200 92700 57400 
Langford , Bristol, U. K. G. 111. morsitans 4500 128100 66400 

7400 220800 123800 

lnstitut d'Elevage et de Medecine G. austeni 3300 75850 39050 
Veterinaire des Pays Tropicaux, G. m. morsitans 2670 56780 25250 

Maisons-Alfort, France G. tachinoides 4360 85590 19570 
G. f. fuscipes 3340 53820 26600 

13670 272040 110470 
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Table 19. Estimates of weekly inputs for stationary colonies of 1000 adu lt G. 111orsitn11s 
(from Jordan and Curtis 1972). 

Total 
Disposable output production 

of viable Input of viable puparia in the form of 

Method of puparia of required to maintain colony Viable puparia Young adult 
raising each sex Female 

G. morsitans (1) (2) 
Goat-fed 257 76 
Rabbit-fed 259 56 

male can mate up to six times and since 
the fecundity of the females successively 
fertilized by the same male does not de
crease (Jordan 1972a), the number of 
males to be kept is clearly smaller than 
that of females . The difference between 
columns 1 and 2 represents the required 
weekly availability of viable puparia of 
each sex (column 4). If the individuals are 
sexed on hatching, the number of males 
available will in fact prove to be larger. 
This maximum, calculated by the differ
ence between columns 1 and 3, is shown in 
column 5. 

The potential sex of puparia cannot be 
determined at present. In the case of a col
ony not yet firmly established, it is there
fore necessary to await the hatching of 
adults before making decisions concerning 
utilization of the excess production. How
ever, since in a batch of puparia of the 
same age, the females hatch 1 or 2 days 
before the males, the remaining puparia, 
mainly destined. to yield males (Curtis and 
Langley 1972), may be removed from the 
colony. This will ensure a surplus of males 
close to the figures shown in column 5, 
while preserving the advantages inherent 
to the handling of puparia, which are obvi
ously easier to manipulate than the adults. 

Only a decade ago, the colonization of 
tsetse flies was held to be formidably 
difficult. However, it is now successfully 
realized in several laboratories. Tech
niques have been developed to permit the 
maintenance of colonies comprising sev
eral thousand individuals. The growth rate 
of these populations usually exceeds that 
of natural tsetse populations, during the 

Male of each sex males 
(3) (4) (5) 
13 181 244 
9 203 250 

most favourable periods of the year. 
The rearing of tsetse flies has become an 

exact science, not only through the preci
sion of techniques used, but also because 
mathematical methodology enables assess
ment of the performance of the colonies 
and the prediction of the number of indi
viduals that can be removed. These repre
sent approximately one half of the annual 
production of puparia or, on a weekly ba
sis, between 18 and 25% of the total num
ber of adult flies, depending on the mode 
of feeding and the stage at which the indi
viduals are withdrawn from the colonies. 
In practice, however, it is wise to have a 
margin of security, and to keep a larger 
number of puparia than that determined 
mathematically. This precaution compen
sates for the high mortalities that may oc
cur from time to time, even in the best of 
rearings. 

Costs of rearing tsetse flies will always 
exceed those of oviparous insects, even if 
methods of artificial feeding are generally 
adopted. Because of GJossina's larviparity, 
productivity in rearing species of this 
genus is unlikely to surpass the maximum 
values calculated by the Langford group 
for G. austeni and G. morsitans. 

The last 10 years of progress is never
theless important, and the existing prod
uctivity is more than adequate to fill re
search needs. It is desirable that African 
colonies at least as productive as the Euro
pean ones be established in the near fu
ture , in order that the needs of genetic 
control field efforts and biological control 
research are met. - J. Itard and A.M. Jor
dan . 
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Mass Production Using 
In Vitro Feeding 

The demand for laboratory-reared tsetse 
flies is increasing rapidly. Only when 
sufficient biological material is readily and 
constantly available can efficient experi
ments on disease transmission, physiolo
gy, attractants, field behaviour, etc. be 
evaluated. In addition, steadily increasing 
interest in developing nonchemical meth
ods of tsetse control dictates that the 
rearing of these insects be made more 
efficient and less expensive. 

At present, most tsetse fly colonies 
reared under laboratory conditions utilize 
in vivo feeding. Goats, rabbits, and guinea 
pigs are normally used. Procedures used in 
rearing tsetse flies on animals are de
scribed in the previous section. The data 
presented indicate that after investigators 
overcome initial difficulties, the rearing of 
certain species becomes a matter of rou
tine. As with any other insect, certain pre
cautions must be taken for successful lab
oratory rearing. For several species, the 
rearing criteria necessary for success are 
well documented. 

The primary difficulty with in vivo tsetse 
fly rearing is that the investigators must 
maintain not only the insect colony but 
also a supporting colony of some warm
blooded animal; this requires a division of 

effort. The space requirements for 
maintaining the Glossina colony are con
siderably less than those needed with re
spect to the vertebrates. Also, the mainte
nance of vertebrate colonies requires 
considerable veterinary expertise - and 
entomologists rearing tsetse flies seldom 
have veterinary training as well. 

In Vitro Feeding Techniques 

Were simple techniques for in vitro 
feeding available , this would certainly free 
more technical assistance for actual tsetse
fly rearing. More progress could thus be 
expected on all fronts in the attack against 
animal and human trypanosomiases. In 
particular, an adequate in vitro feeding 
technique would make possible more pre
cise studies of disease transmission, 
physiology, etc. 

Such a technique will not be fully uti
lized until a stable, readily available food 
source has been developed. The first steps 
may involve the availability of whole 
stored blood or some fraction of it, freeze
dried blood, or an artificial diet made up of 
relatively commonly available ingredients; 
to be succeeded eventually by a com
pletely synthetic diet. 

Requirements for In Vitro Feeding 

When colonizing slow-breeding insects 
like Glossina spp., the difference between 
success and failure is always slight. There
fore , a constant check on colony perform
ance must be kept. This can be expressed 
in female survival and fecundity. The 
males need only be retained until they 
have mated once or twice. They can be 
discarded thereafter (about 10-15 days 
after emergence). In G. morsitans, the first 
ovulation takes place about 9 days after 
emergence. It has been calculated that G. 
morsitans females need not be kept in the 
colony longer than 108 days. Older, less 
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productive females can be removed with
out affecting the colony's puparial yield. 
During those 108 days, 10 larvae can be 
expected from any one female. 

All the statistics measuring the perform
ance of the colony are based on the origi
nal number of females in it. From longev
ity and fecundity data , it is easy to 
calculate the mean number of puparia / fe
male / month or throughout their total 108 
days in the colony. 

Mortality must be checked weekly, to 
allow calculation of the percentage daily 
mortality. This should not rise above 1.5%, 
since a daily mortality of 2%, if maintained 
for long enough, will destroy the colony. 
More than 50% of the total number of pu
paria produced are surplus and can be 
made available for other purposes (Jordan 
1975; Itard 1975a). 

Besides the quanti tative performance of 
the colony, a constant check on the quality 
of the colony output is necessary. This is 
most conveniently done by determining 
individual puparial weight. The tsetse 
reared in the laboratory should resemble 
wild ones as closely as possible. This is 
particularly important if the flies are being 
produced for sterilization and release in 
nature, where they will have to compete 
with naturally present tsetse . Females suf
fering from nutritional stress produce 
lighter puparia (Mellanby 1937; Boyle 
1971). From small puparia, small flies 
emerge. During pupation, metabolic en
ergy is derived from the puparial fat re
serves. In nature, enough reserves must be 
left for the teneral fly to survive until it 
finds a suitable host for its first blood 
meal. Detailed studies on this subject have 
been undertaken by Bursell (1960c), Raja
gopal and Bursell (1965), Phelps (1973), 
and Phelps and Clarke (1974). Also, fie ld 
observations show that during hot and dry 
seasons, selection eliminates small individ
uals from Glossina field populations (Bur
sell and Glasgow 1960; Glasgow 1961). 
This selection expresses a shortage of nu
tritional reserves in small flie s. By compar
ing the size of young, field collected, G. 
morsitans males with those emerging in 

the laboratory from field collected puparia, 
Phelps and Clarke (1974) found that, in 
nature, smaller flies were selected against 
for about 7 months of the year. Besides fe
male longevity and fecundity, the puparial 
weight is thus of critical importance. 

Tsetse fed on animals and kept under 
optimal conditions produce puparia of 
comparable weight to those collected in 
nature . This had not always been so with 
fli es reared in vitro (p. 127, 136). 

History of In Vitro Feeding 

Tsetse can only take a blood meal after 
the proboscis has actually pierced a mem
brane. Thus, for in vitro feeding, the 
membrane should have at least some of 
the attraction exercised by the skin of a 
favoured animal host. At first , different 
membranes of animal origin (skin of rats, 
mice, guinea pigs, as well as bats' wing or 
fibrine membranes) were tested (Yorke 
and Blacklock 1915; Roubaud 1917a; Les
ter and Lloyd 1928; Cockings 1961; Sou
thon and Cockings 1963; Kimber and Har
ley 1965; Moloo 1971; Rogers 1971; Rice et 
al. 1972). However, these membranes 
could be used only for feeding a small 
number of fl ies. Therefore, an inexpensive, 
simple and durable artificial membrane 
was needed for economical large-scale 
tsetse rearing. 

Only recently has it become possible to 
satisfy some of these requirements, and to 
establish a colony based on an in vitro 
feeding technique. The first step was the 
development of an agar-agar membrane 
incorporating a terylene netting, resting on 
stretched parafilm itself supported by 
grooved glass panes over which the de
sired blood is poured. This system proved 
practical for feeding G. austeni and G. 
morsitans (Langley and Maly 1969; Lang
ley 1972; Mews et al. 1972). Studies of G. 
morsitans fed via an artificial membrane 
were also reported by Nobre and Santos 
(1970) and Oliveiro and Nobre (1970) . The 
nature of the membrane was not defined 
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by these authors, but Azevedo et al. (1968) 
had earlier reported upon initial successes 
with agar and fibrin membranes in their 
Lisbon laboratory. Azevedo et al. (1970) in
dicated that final selection fell upon agar 
spread over four gauze layers and cooled. 

A major step was afterwards taken to
wards maintaining tsetse without living 
hosts, when a colony of G. morsitans fed a 
mixed regime developed satisfactorily. 
These flies were fed five times weekly on 
defibrinated bovine blood through the 
membrane; and once a week on the ears of 
rabbits (Mews 1972; Mews 1975). Howev
er, the agar-agar/ parafilm membrane had 
to be prepared daily and could only be 
used for a short time. This was because it 
dried rapidly, and became unattractive to 
the flies . Another disadvantage of the 
agar-agar gel, particularly when in contact 
with blood, was the proliferation of bacte
ria, some of which proved pathogenic 
when ingested by the flies (Bauer and 
Wetzel 1975). Recently, a silicone mem
brane was developed that is attractive to G. 
morsitans. It is biologically inert, easy to 
clean and sterilize, durable, and inexpen
sive (Bauer and Wetzel, unpublished). 
This artificial membrane is now used for 
G. morsitans in Seibersdorf and Langford. 
It can also be used for G. austeni and, with 
some modification, for G. palpalis. 

Present Status of In Vitro Feeding 

For a long time, puparia produced by 
flies fed in vitro were about 10% lighter 
than those produced in animal fed colon
ies. It was observed that flies fed in vitro 
took 10% less blood than those fed on ver
tebrates (Langley et al. 1976). This was 
claimed to be the reason for the lower pu
parial weight. Also, on a mixed feeding re
gime the puparia produced were lighter 
than those from control flies fed on rabbits 
(Mews 1972, 1975). Until late 1973, no self
supporting colony had been established on 
a strictly in vitro feeding regime, and pu
parial weight decreased in succeeding gen
erations. 

Since then , though, puparia of consist
ently higher mean weight than those ob
tained with the mixed regime have been 
produced on a strict in vitro feeding re
gime. This improvement resulted from a 
series of measures, the effects of which 
cannot yet be separated. These measures 
included the introduction of the new 
membrane, a higher feeding temperature, 
reduced handling, and the use of defibri
nated horse blood collected once a week. 
Horse blood thus treated replaced defibri
nated bovine blood, which, at least for G. 
morsitans, had never given satisfactory re
sults. It is known that colonies maintained 
on blood from different animals produce 
puparia of different weight. This observa
tion implies that besides blood uptake 
during in vitro feeding, blood quality is 
also of great importance. In Langford, defi
brinated pig-blood (collected twice week
ly) gives results similar to those obtained 
with flies fed on goats (Mews et al. 1976a). 
With G. morsitans, excellent results can 
also be obtained with rabbit blood fed ex
clusively through membranes. Thus, at 
least for this species, in vitro feeding is 
fully comparable to feeding on living ani
mals. 

Ca-oxalate, Na-citrate, ethylenediamine
tetra-acetate , dicumarol, hirundine, and 
heparine were tested as anticoagulants to 
prevent defibrination during collection 
and storage of blood. All of these, except 
Na-heparine, were toxic to the flies or 
could not prevent coagulation long 
enough. However, with 150 1.U. Na
heparine/100 ml , blood can be stabilized 
for at least 1 week. For maximum effect, 
heparinization of blood has to be carried 
out step by step as the blood is being col
lected. 

Methods for ensuring blood preserva
tion must be developed before we can be
come completely free from the need to 
collect fresh blood regularly. In this re
gard, initial trials with freeze-dried blood 
failed . Deep-frozen blood on its own 
proved less satisfactory than fresh blood. 
However, the difference in puparial weight 
can be made up by certain additives. Cur-

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



144 IORC-077e 

Equipment of in vitro membrane feeding technique used at FAO-IEA, Vienna (H. Wetzel). 

rent experiments in Vienna show that the 
mean puparial weight obtained when flies 
are fed in vitro can be increased by adding 
to the blood , proteins or certain protein 
fractions (Wetzel 1974). A completely artifi
cial diet has yet to be developed. 

In Vitro Feeding Technique Used at IAEA 

One of the main stimuli inducing prob
ing through a membrane is the surface 
temperature (Dethier 1954; Langley 1972). 
Until recently, this was regulated by a cir
culating warm-water system that heated 
the membrane (Mews et al. 1972). Inex
pensive electric warming plates have sub
sequently been developed. Each warming 
plate is essentially a hot plate, 45.5 X 45.5 
x 2.5 cm, consisting of resistance wire 
wound around a sheet of asbestos and 
subsequently encased in aluminium. A 

thermostat is used to regulate the temper
ature (Wetzel et al. 1975). 

Glass panes with straight parallel 
grooves are placed on the heating plate. 
The glass is flamed twice before the blood 
is poured over it. The glass panes are now 
replaced by 0.15-mm thick polypropylene 
sheets with a vacuum formed structure. 
The sheets are very inexpensive and can 
be discarded after a single use. However, if 
the need arises the polypropylene sheets 
can be reused after cleaning. They also 
have the advantage of not being easily 
broken. Just before use, the membrane is 
immersed for a few minutes in hot water, 
followed by a similar immersion in luke
warm water. The water is shaken off, and 
the membrane (still slightly wet) is placed 
over the blood pool on the sheet. The 
blood spreads out very evenly between the 
glass pane and the overlying membrane, 
due to capillarity and the pressure of the 
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fly cages. The surface temperature of the 
membrane is 37-38 °C. Tsetse are gener
ally left to feed for IO minutes (15 for G. 
palpalis). The type of cage is important be
cause a uniformly close contact between 
its netting and the membrane is necessary. 
Plastic cages with tightly stretched teryl
ene netting on two surfaces are most satis
factory (Mews et al. 1972). In the standard 
12.5-cm diameter X 5-cm high cage, 15 fe
male flies are kept; in the newer 21-cm di
ameter cage, 50-60 females. In still larger 
cages, fecundity is reduced. When the 
same membrane is used two or three 
times, the surface becomes soiled with 
faeces (easily removable with soft paper 
tissue). The frequency of using a given 
membrane and blood pool depends mainly 
on their asepsis. Great care must be taken 
to prevent bacterial infection. 

Normally, one membrane is used for 
four to six batches of flies. In laboratories 
specialized in in vitro feeding, more than 
15 membranes are simultaneously in use. 
The speed of feeding , therefore , not only 
depends on logistics and available space, 
but also on other work carried out during 
feeding. Routinely, from 60 to 200 females 
are kept together in a feeding unit. In such 
a unit, the flies are of the same age and 
their performance is recorded as a group. 
The larvae drop through the cage netting 
onto a tray or into any suitable collector 
where they can pupariate (the collector 
can be designed to assemble the puparia 
from several units) . Puparia are gathered, 
counted, and recorded while the adults are 
feeding at the membrane. Once a week, 
the cages are checked for dead flies , which 
are removed. The handling of flies , cages 
and puparia, and feeding of units, may be 
modified to meet special circumstances, 
e.g. when the performance of the flies is 
not up to standard. The fly cages are on 
specially designed trollies or racks. From 
the breeding facility they are taken to the 
adjoining feeding room, both of which are 
environmentally controlled. Diffused light 
is recommended during feeding. 

Cleaning all implements involved in the 
feeding procedure is a very important part 

of the in vitro technique, and is done in a 
third , separate room. Any blood soiling 
the heating plates or table must be re
moved. As well, contact between the cages 
and blood (through defects in the mem
brane) must be prevented. After feeding, 
the membrane and the underlying glass 
pane adhering to it, are put into a basin of 
cold water. The glass pane and the mem
brane are then peeled apart, the blood on 
them being carefully washed off under 
running water. The glass panes are stored 
dry until used the next day. The mem
brane is washed twice in boiling water and 
hung up for drying. The next day, before 
use , the membrane is put into hot and 
then warm water as described above. The 
recently developed polypropylene sheets, 
which can be discarded after a single use, 
greatly reduce the danger of bacterial in
fections . 

This technique is satisfactory for G. 
morsitans. Its adaptation to G. palpalis, G. 
austeni, and G. tachinoides is in progress. 

Bacterial Infection in the In Vitro 
Feeding Technique 

As long as blood remains the basic nu
trient for feeding tsetse flies, the danger of 
sepsis is constant. When aseptic blood is 
poured onto the silicone feeding sheet, its 
temperature (3Cr-37 °C) is ideal for bacte
rial growth. Many airborne, adventive bac
teria can proliferate on such a protein-rich 
medium and be taken up by the flies. En
suing infections can harm the flies through 
various forms of pathogenicity. Some bac
terial species are pathogenic through a sys
tem of proteinase enzymes. Others, 
through autolysis, release an endotoxin 
that may kill insects even though living 
bacteria are no longer present. Disrupting 
the gut epithelium, the toxin provides a 
portal of entry into the haemocoel for 
other intestinal-tract microorganisms. The 
resulting septicaemia kills the insect. Flies 
dead from starvation are easily recognized 
by their absolutely flat, paper-thin abdo-
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men, whereas those dying from bacterial 
infection show a bloated "black abdomen" 
swollen with noncoagulated, black or red 
blood from which bacteria can be isolated 
(Bauer and Wetzel 1975). 

A major incident of bacteria-induced 
mortality among tsetse flies fed through 
membranes was studied by Bauer and 
Wetzel (1975). Five bacterial genera 
(Aeromonas, Haffnia, Flavobacterium, Mi
crococcus and Pseudomonas16

) were iso
lated from dead or dying tsetse. Swabs 
taken from all components of the in vitro 
feeding technique yielded the same bacte
rial genera. Subsequently, the complete in
fection cycle in the in vitro feeding regime 
was experimentally demonstrated. In this 
cycle, bacteria in the blood pool are taken 
up by the tsetse flies and after 3-5 days re
injected with the saliva into the blood. Fur
thermore, transmission through the pu
parial stage to the following genera ti on 
could be shown (Bauer 1974). 

Among the bacteria isolated, Pseudo
monas sp. was found to be pathogenic on 
its own even when fed in low concentra
tion. (Unfortunately, since this pathogen 
does not form spores, it cannot be consid
ered as a candidate for microbial control 
purposes.) 

These findings underline the importance 
of cleanliness in in vitro feeding. Although 
the laboratory probably cannot be 
maintained in a completely sterile state, it 
obviously must be kept as clean as possi
ble. Replacement of the agar/parafilm 
membrane by a silicone membrane and 
the glass panes by a thick silicone sheet 

16 The only genus common to this list and a 
list of eight bacterial genera - Enterococcus, 
Corynebacterium, Bacillus, Proteus, Enterobac
ter, Citrobacter, Bacterium, and Pseudomonas 
- isolated from G. morsitans and blood fed 
through membranes to them by Nobre and 
Santos {1970). Further emphasizing the sapro
phytic nature of such infections, similar isola
tions by Oliveira and Nobre {1970) yielded 
representatives of five more bacterial genera -
Staphylococcus, Providence, Serratia, Alcali
genes, and Chromobacterium (ed). 

were important steps in this direction. The 
procedures for maintaining asepsis of the 
silicone membrane and supporting sheet 
have already been described. In addition, 
vials, flasks , and any other equipment con
taining blood must be dipped into a water 
bath to soften any coagulum and then 
carefully washed. 

As a general rule, contact between the 
flies and protein material where bacteria 
are developing must be avoided. In this 
connection, particular care should be 
taken to prevent movement of personnel 
and material from the washing to the feed
ing room while feeding is in progress. 

In a mass-rearing facility with an output 
of 80-100 000 female flies, it is advisable to 
have the flies divided into subcolonies of 
10-15 000 individuals. Each subcolony 
should be handled completely separately 
by different personnel using their own 
equipment. 

Treatment Against Bacterial 
Infection 

A regular output cannot be maintained 
if the daily mortality rate in the colony ex
ceeds 1.5% for very long. Complete asepsis 
being difficult and expensive, different 
treatments were tested. The following 
treatments proved effective against three 
levels of bacterial infections. 

1. Suspected or incipient infection, i.e. 
daily mortality first reaches 2%: the in
fected or suspect flies are fed for a week 
through a newly prepared membrane on 
aseptic blood. At each feeding, the blood 
pool and membrane are used for this par
ticular batch of flies only, feeding being as 
rapid as possible. 

2. Slight infection, i.e. daily mortality up 
to 3%: (a) fresh blood collected daily or 
every second day and preserved with Na
heparine is fed to the flies . Each blood
pool and membrane is used for only one 
lot of flies . This must be done at least for 1 
week and until the mortality decreases; 
and (b) flies are fed in vivo for three or 
four successive days. 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



LAIRD: TSETSE 147 

3. Heavy infection, i.e. daily mortality 
exceeds 3%: the appropriate therapeutic 
drugs are administered through in vitro 
feeding on three successive days (see be
low). 

The rationale for feeding aseptic blood 
through a sterile membrane to sublethally 
infected flies (1 and 2 above) is that such 
flies can survive if no additional infection 
occurs. Fresh, nondefibrinated blood or 
blood taken by the fly directly from an an
imal has a bacteriostatic effect. 

Very rarely is there a need for treating 
the entire colony in cases of incipient mor
tality. This is because flies of the same age 
are kept as units. The first increase in mor
tality can thus very often be detected in 
one or a few units and before six age group 
periods are completed (54 days after emer
gence). Early detection depends on daily 
checking for mortality, death from starva
tion being easily differentiated from bacte
rial disease. 

As a rule, young units should always be 
fed before old ones to prevent their con
tamination by sublethally infected older 
flies. Usually, sublethal infection occurs in 
units fed from the same blood pool. Those 
beginning to show increased mortality 
should be fed first. 

Feeding flies on living animals is an easy 
and effective way of controlling slight in
fections. However, with this therapy a 
rapid increase in mortality sometimes oc
curs during the first few days. The expla
nation for this is that the blood intake 
from a living animal is larger than through 
a membrane. If infection has slightly dam
aged the gut epithelium through a proteo
lytic enzyme, a large blood meal taken 
from the animal causes the epithelium to 
burst, and the fly dies within a few hours. 
For this reason, heavily infected flies can
not be cured by feeding on animals. 

More than 3% daily mortality (3 above) 
represents a serious drain on the colony, 
for it reduces puparial production and, 
consequently, the number of flies in the 
next genera ti on. Since bacteria are trans
mitted to that generation via the puparial 
stage, the first step in controlling such a 
level of disease should be the destruction 

of puparia emanating from the heavily in
fected flies before or during actual thera
py. Treatment depends on effective 
chemotherapeutic agents, which should 
always be readily available. 

Nobre and Santos (1970) reported that 
the addition of tetracycline (0.25 mg/ml) to 
blood used for membrane-feeding re
duced the subsequent mortality rate, and 
the number of bacteria-positive cultures 
obtained from the internal organs of G. 
morsitans killed after such feeding. In Vi
enna, sulfonamides and antibiotics (oxy
tetracycline, neotetracycline, chloram
phenicol, penicillin, and rimactane) were 
tested. Among these, only rimactane was 
toxic to the flies. After screening for bacte
rial sensitivity, any of the other drugs 
should be administered at the rate of 
20-25 ppm in the blood pool. 

To date, most of the bacteria causing se
rious mortality in tsetse fly colonies have 
been found to be sensitive only to tetracy
clines. This is unfortunate, for following 
treatment with these compounds fecund
ity is reduced (Wetzel and Bauer 1975). 
After the first larviposition the reduction 
in fecundity of tetracycline-treated flies is 
about 50%; after the second, (28th day 
after emergence) 30%. From the deposition 
of the third or fourth larva, and up to the 
end of the 10th reproductive cycle, a very 
slight reduction or none at all occurs. A 
possible reason for this reduced fecundity 
is damage to the symbionts (Hill et al. 
1973). According to preliminary investiga
tions by Nogge (1974), it seems that in 
tsetse, as in other blood-sucking insects, 
the symbionts play a role in B-vitamin me
tabolism. One or several of these B
vitamins may regulate oogenesis. 

Bacterial infections in tsetse colonies can 
be effectively controlled with appropriate 
treatment regimes. However, in many 
cases it will be necessary to combine some 
of these regimes. As already indicated, 
success depends on early detection of each 
increase in mortality. Bacterial monitoring 
can be carried out by taking swabs from 
the blood remaining on the membranes 
after feeding , and from the hands of per
sonnel. These swabs should then be incu-
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bated on nutrient agar-agar. These tests 
help clarify sources of bacterial infection, 
and provide a check on the degree of asep
sis of the system (Bauer and Wetzel 1975). 
It is also advisable .to test the sensitivity of 
isolated bacteria to certain drugs, which 
can then be kept on hand for therapeutic 
treatment. 

It is evident from the above description 
that rapid progress has been made during 
the past 3 years in developing in vitro 
feeding techniques for tsetse-fly rearing. 
There undoubtedly will be many more 
problems when in vitro fed colonies ex-

ceed 50 000 producing females . However, 
the fact that successful in vitro feeding 
techniques have been developed is very 
encouraging. Likewise, adding various nu
trients to defibrinated blood with benefi
cial effects augurs well for the eventual de
velopment of a completely synthetic diet 
for tsetse flies. Although tsetse flies never 
will be reared as simply or cheaply as 
some other Oiptera (e.g. mosquitoes), the 
increased efficiency of the in vitro feeding 
technique will greatly decrease the cost of 
rearing them. - H. Wetzel. 
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Mass Production of 
Parasitoids, Parasites, 

and Pathogens 

Insect Parasitoids 

In considering the use of insect parasi
toids for the biological control of tsetse 
flies , attention must be directed toward 
parasitoid procurement in numbers 
sufficiently large to allow their use on a 
suitable scale to achieve a reduction in the 
numbers of Glossina. There are two prin
cipal ways in which control may be at
tempted: (1) by establishing by means of a 
few releases a parasitoid species that does 
not already occur in an area where control 
is required; and (2) by releasing periodi
cally within an area a large number of 
local or imported parasitoids with a view 
to increasing parasitism and to reducing 
the host population to a low level for a 
limited time. Additional releases of parasi
toids would be made as the pest popula
tion warranted. 

Of these methods, the former has obvi
ous advantages. A parasitoid once newly 
established in an area hopefully becomes a 
permanent component of the complex that 
attacks Glossina, increasing the destruc
tion of tsetse and reducing their numbers 
without the necessity of a large number of 
repeated releases. According to its biotic 
characteristics, such a parasitoid will be 
able to spread from the release points over 
an area limited only by its ecological re-

quirements. The initial numbers released 
to achieve establishment are not usually 
very large if the parasitoid is in fact ecolog
ically suited to the area and to the behavi
oural patterns of the host species. In the 
second method, there is no aim at perma
nent establishment of a new addition to 
the parasitoid complex. Instead, sufficient 
individuals of one or more parasitoid spe
cies are released in such numbers and at 
such times as to cause an immediate im
pact on the numbers of Glossina emerging. 
An additional beneficial effect may be the 
reduction of pest numbers in the next 
generation. This entails the use of much 
greater numbers of parasitoids than in the 
first method, and their careful distribution 
over the area where control is desired. In 
both methods care must be taken to make 
releases at a time when host puparia, the 
only stage of Glossina that parasitoids can 
attack, are present in maximum numbers. 

Both of these methods necessitate the 
provision of adequate numbers of parasi
toids either as adults or as parasitized pu
paria. In some instances, it may be possi
ble to field-collect sufficient parasitoid 
material for use in another area, particu
larly when comparatively small numbers 
are required for a single introductory re
lease of the first type. However, in all at
tempts of the second type, especially with 
Glossina, it will be necessary to breed the 
parasitoids required for the releases. 

The parasitoids recorded from Glossina 
and information on their biology and dis
tribution have already been discussed. In 
the few instances where biocontrol has 
been attempted, attention has been paid to 
the mass-breeding and release of Syntomos
phyrum. These particular examples indi
cate the need to be very careful when se
lecting a species of parasitoid for mass 
propagation. A parasitoid should be se
lected as a candidate species for a biocon
trol attempt because of its: (1) ecological 
adaptation to the environment it will en
counter; (2) high searching ability that will 
enable it to find host puparia, which may 
be scattered over a wide area; (3) ability to 
increase rapidly in numbers when hosts 
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are abundant; (4) ability to maintain its 
population when hosts are scarce; and (5) 
ability to survive periods of abnormally 
adverse weather. It may not be possible to 
find a parasitoid with all of these advanta
geous characteristics. In that case, the 
species that most closely approximates the 
"ideal" is the best for any trial and, hence, 
should be selected for breeding. 

The suitability of a parasitoid in any of 
these aspects can only be determined by 
extensive experiments. This necessitates 
the availability of large numbers of the or
ganism and, therefore, some degree of 
mass breeding. Even determination of the 
most promising parasitoid for a biological 
control attempt demands a mass breeding 
technique. 

How these techniques are developed 
will be determined by a number of factors, 
the most important being the biological 
characteristics of the species involved. The 
facts that in Glossina the puparium is the 
only stage that is attacked by parasitoids, 
and that tsetse puparia are comparatively 
very expensive to produce, makes them 
singularly inappropria te for use in the 
mass breeding of parasitoids. 

The most promising of the Glossina par
asitoids for use in biocontrol are the bom
byli ids and mutillids, the individual spe
cies of which do not occur throughout the 
range of Glossina in Africa. In fact, no mu
tillid has been recorded from west Africa. 
The inevitable conclusion is that attempts 
should be made to establish them there. In 
this connection, it is obvious that host 
suitability tests must be carried out to en
sure that the individual parasitoid species 
will in fact attack the particular target 
species of Glossina. 

With bombyliids, great difficulty has 
been experienced in breeding them at all, 
let alone in large numbers. The females 
are strong, rapid flyers , and mating and 
oviposition only occur on the wing and in 
full sunlight. It was only recently that 
Villa brunnea Becker was induced to ovi
posit in cages, the eggs being deposited in 
specially prepared "cracks in the soil" (Du 
Merle 1970). These cracks are organized in 
such a way that the eggs then drop into vi-

als and are kept there until they hatch. 
The resulting "planidium" larvae are then 
placed on Thaumetopoea pityocampa 
(Schiff.) puparia into which they bore. 
They subsequently complete their devel
opment endoparasitically. 

It has been noted in a bombyliid parasi
tizing Glossina in west Africa that the 
distribution of parasitoid larvae over a 
number of host puparia is such that super
parasitism never occurs. This indicates 
that, prior to boring into a puparium, the 
young bombyliid larva selects only non
parasitized, healthy host larvae. If this 
characteristic is general, it means that a 
great economy of both bombyliid eggs 
produced and host puparia used can be 
achieved in any mass breeding attempt. 
However, a great deal of work will have to 
be done to develop suitable cages for mat
ing and oviposition, egg-collecting, hatch
ing, and penetration of host puparia before 
it will be possible to develop suitable mass 
breeding methods for bombyliids. Bearing 
in mind their importance as Glossina para
sitoids, with high degrees of parasitism in 
many instances, it is essential that this 
basic investigative work be started as soon 
as possible. 

Some work has already been done on 
breeding mutillids. Lamborn (1925) bred 
Mutilla glossinae Turner in small num
bers. He succeeded in doing so using both 
Sarcophaga sp. and Glossina sp. puparia as 
hosts. In view of their general importance 
as Glossina parasitoids and the apparent 
lack of difficulty in breeding them, atten
tion should be directed toward the devel
opment of mass breeding techniques. Even 
though their developmental stages are of 
rather long duration, this should not deter 
efforts. This is especially the case if it can 
be shown that female mutillids have a 
high searching ability and are long-lived 
under adversely dry climatic conditions, 
enabling them to discover dispersed 
Glossina puparia in savannah areas. After 
the bombyliids and mutillids have been 
studied, it may well be found that other 
Glossina parasitoids warrant a similar ap
proach. 

In any consideration of mass breeding 
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we are faced with the expense involved in 
using Glossina puparia as hosts. One of 
the principal avenues of research would be 
to obtain alternative hosts suitable for 
mass breeding different parasitoids. Lam
born (1925) bred Syntomosphyrum on 
Sarcophaga puparia, Nash (1933a) bred 
them on Chrysomyia sp., and Roubaud 
and Colas-Belcour (1936) used Musca 
domestica L.: Saunders (1960a, b) bred the 
above species and 5. albiclavus on Lucilia 
sericata Mg. and on several other blowflies 
(Cyclorraphinae). Similar investigations 
should be carried out to determine which 
additional alternative host puparia might 
be used in breeding bombyliids and mutil
lids with a view to obtaining an inexpen
sive , readily mass-produced host. The very 
wide range of possible hosts available in
cludes species of Musca, Lucilia, Sarcopha
ga, Cera ti tis, Dacus and Drosophila. For all 
of these, detailed techniques have already 
been developed for inexpensive mass 
production. 

Another possibility is the use of muscid 
parasitoids (not always known from tsetse
ridden areas of Africa) against Glossina. 
There are a number of these , including 
species of Spalangia, Muscidifurax raptor, 
Pachycrepoideus vindemiae, Stenomalus 
muscarum (Pteromalidae), and the staphy
linid beetle Aleochara taeniata (see Legner 
and McCoy 1966; Legner and Olton 1968). 
Mass production methods for these have 
already been developed. The details of the 
methods must be adjusted to suit both the 
parasitoid and the puparia of the host 
species being used. If houseflies, for exam
ple, are being used as hosts, adults can 
emerge, mate, and oviposit in wood 
framed, screen cages (approximately 25 X 
20 X 10 cm) with sliding plastic front 
panels. Cotton-wool pads soaked in skim 
milk and changed daily serve both to pro
vide adult food and oviposition sites. 

Pads bearing eggs are removed from the 
cages and placed on chicken feed mois
tened with skim milk in 1-litre oil tins, 
which are then covered with screened lids. 
When the fly larvae are almost fully 
grown, the contents of several tins are 
dumped into 0.25-cm mesh, screen-bot-

tomed trays placed over a wooden tray 
containing presifted chicken feed. Fully 
fed larvae wriggle through the screen and 
drop into and pupariate in the wooden 
tray. A day or so later the contents of the 
trap are sieved, the housefly puparia being 
retained by a 0.25 cm screen mesh. The 
puparia obtained are then used both to 
maintain the housefly stock and in parasi
toid breeding programs. In some areas, 
programs for the abatement of muscid flies 
in poultry runs depend in part on periodic 
releases of hymenopterous parasites. 
Housefly eggs are seeded into large plastic 
tubs containing a special housefly rearing 
medium produced commercially by live
stock-feed manufacturers. When the lar
vae are fully grown the tubs are flooded, 
forcing the larvae to crawl out to find suit
able pupariation sites. They drop from the 
tubs into funnels or sloping troughs lead
ing to large plastic tubs, where pupariation 
occurs. 

Housefly puparia can be exposed to 
adult parasitoids en masse in a variety of 
containers depending on the species being 
bred, numbers required, and local availa
bility of containers. At the Commonwealth 
Institute of Biological Control (Trinidad), 
for example, 5000-10 000 puparia were 
placed with 500-1000 adult parasitoids in 
one gallon plastic ice-cream containers 
with a fine-mesh screen placed over the 
top. High levels of parasitism were ob
tained. In the United States, "stinging
bags" consisting of cloth sacks closed by 
means of a zipper, and containing some 
100 000 or more puparia and 5-10% as 
many parasitoid adults, are used for mass 
breeding. The sacks are laid flat on 
benches and turned periodically, to expose 
the puparia to maximum contact with the 
parasitoids. The houseflies emerging sev
eral days ahead of the F1 parasitoids, are 
returned to the housefly breeding cages. 
The empty puparial shells are then blown 
off, leaving only parasitized puparia. These 
can be held for adult parasitoid emer
gence, or distributed in the field. 

Each species of parasitoid will require 
particular techniques to obtain the opti
mum and most economic production of 
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units fully suited to field survival on the 
scale required. Questions of stress (Sonle
itner 1964) and perhaps heterogeneity (p. 
181) are pertinent. It is, however, evident 
that with some parasitoids there is no limit 
to the numbers that can be economically 
produced. Obviously, experiments must 
be carried out to determine which are the 
most suitable hosts for use both for these 
parasitoids from muscid hosts and, also, 
for the Glossina parasitoids. This alone 
may require breeding in large numbers, 
using Lucilia, Dacus, Drosophila, and 
other hosts. Possibly, it may be necessary 
to develop mass breeding techniques for 
other host species whose puparia are more 
acceptable to the Glossina parasitoids. For 
each species of parasitoid, mass pro
duction techniques adapted to the num
bers required must be developed and 
modified in accordance with the way in 
which the resulting progeny are to be used 
in the field. 

Because some of the known Glossina 
parasitoids warrant introduction into areas 
of Africa in which they do not already oc
cur, the development of breeding methods 
for bombyliids and mutillids merits high 
priority. Others may warrant mass pro
duction and release in the manner that 
Syntomosphyrum was used. Here, though, 
it is essential to determine a priori the abil
ity of the species selected to operate effec
tively under the ecological conditions in 
which control is required, before mass 
production for release is undertaken. Sim
ple mass breeding techniques for some of 
the muscid parasitoids that might be tried 
against Glossina are already well-known. 
Here, careful selection of the parasitoids is 
necessary to determine: (1) if they will, in 
fact, successfully parasitize the desired 
Glossina puparia in the field; and (2) if 
they can operate successfully there under 
the exact ecological conditions both of cli
mate and host dispersal in which these 
Glossina puparia occur. 

Initial testing of some parasitoids and 
trial breeding will have to involve the use 
of Glossina puparia. Limited supplies of 
several species for experimentation can 

undoubtedly be made available from exist
ing production units in several places, e.g. 
Austria, France, and the United Kingdom. 

Microbial Pathogens 

The mass production of effective micro
bial agents for the biological control of a 
target insect is based upon the assumption 
that the microbe can be propagated under 
conditions of maximum control. Mass 
propagation of a microorganism can be 
best attempted by using: (1) the inocula
tion, or another mode of infection, of labo
ratory reared insects; (2) the growth of the 
agent with or within a susceptible host or 
other cell line(s); or (3) the growth of the 
pathogen in pure culture on media that 
may or may not be well-defined. Because 
of the large number of organisms re
quired, large-scale laboratory or indus
trial-scale fermentation is the preferred 
production method whether pure or two
mem ber cultures are used. In addition to 
the quantities of a given biocontrol agent 
required, the producer must be in a posi
tion to give assurance as to the quality of 
the product with regard to several criteria, 
including: virulence, stability, and safety. 
To assist in meeting these criteria, those 
responsible for mass production should 
bear in mind the following questions: (1) 
What is the objective for the use of the 
pathogen? (2) What is the dosage required 
to achieve that objective? (3) What are the 
best techniques for evaluating the ecologi
cal impact and effectiveness of the patho
gen? (4) Does sufficient field and labora
tory information exist to permit the above 
evaluation? (5) What is the required meth
od of delivery for the pathogen? (6) Is the 
final envisaged pathogen preparation (wet 
or dry) compatible with the delivery tech
nique and the activities of the pathogen? 
(7) How long and under what conditions 
will the pathogen remain active (or dor
mant) within the intended environment? 
(8) What is the route of host infection? (9) 
How genetically stable is the pathogen? 
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Sporangia (arrows) containing sporangiospores of the fungal tsetse pathogen, Absidia repens (X 
2500). Th e culture was grown for 18 da ys on potato-dextrose agar at 25 °C, and provided by C. W. 
Hesseltine (R. Nolan). 

(10} How readily can laboratory developed 
strains of the microbe be differentiated 
from naturally occurring strains of the pa
thogen? and (11) What conditions, includ
ing the possible use of stabilizing agents, 
are necessary for storage of the pathogen 
with the maintenance of virulence? 

Keeping in mind the need for the pro
ducer to provide an effective and safe 
product, the growth of the agent under 
well-defined physical and chemical condi
tions implies an improved quality of the 
pathogen as the producer assumes grea ter 
quality control of the substrate. However, 
in the harsh light of financial reality, the 
use of glucose, glycine, tissue-culture 
grade lactalbumin hydrolysate, and other 
high-purity or complex, synthetic reagents 
in large-scale fermentation is economically 
prohibitive. The determination of the nu
tritional requirements of the organism and 
of any mutant strains is conducted during 

the early phases of the study. This will be
come part of the overall characterization 
profile of each strain and be used in the 
screening of less well-defined media com
ponents for undesirable attributes (for ex
ample, the possibility of a toxic phosphate 
level or NaCl level, as in the case of acid 
(HCI) hydrolysates of proteins, which are 
neutralized with NaOH). 

In the case of work with Glossina, we 
have rejected the possibilities of obtaining 
large numbers of pathogens through: (1) 
the collection of individual hosts infected 
with the pathogen as a result of natural 
epizootics; (2) the establishment of the 
pathogen in a natural population of' the 
host and the subsequent collection of the 
diseased hosts; and (3) the infection of 
wild hosts that have been collected in the 
field and then maintained for a short pe
riod in the laboratory. One of the essen
tials in any biocontrol endeavour, howev-
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er, is the ready availability of colonies of 
different strains of the host for testing the 
pathogenicity, route of infection, and 
mode of action of potentially valuable mi
crobial strains. These known "tester 
strains" of Glossina spp., growing under 
controlled conditions, represent a vital com
ponent in the bioassay system employed 
for pathogen evaluation both in the initial 
stages and in later use with the formulated 
product. The determination of the viru
lence of a pathogen and of its safety for 
target and for nontarget organisms depends 
upon the use of quantitative bioassays us
ing not only the host "tester strains" but 
also other selected biological components 
of the host's natural environment. These 
latter components may vary markedly 
within the large geographical range of the 
genus Glossina, which covers roughly one
third of the continent of Africa. 

Specific Pathogens 

Recent reviews of the literature (see 
Pathology and Nematode Parasitism) and 
Roberts (1976}, indicate that of the organ
isms that have potential, and for which 
isolates are available, the fungus Absidia 
repens (Vey 1971} is a promising pathogen 
of the puparial stage. Pseudomonas sp. 
and Aeromonas sp. (Bauer 1974} appear to 
have promise for development as path
ogens of adults. Representatives of the 
fungal genus Entomophthora need to be 
reevaluated under proper experimental 
conditions before they are ruled out as po
tential biocontrol candidates for Glossina. 
The previous work with Glossina and 
Entomophthora has been far from defini
tive (Roubaud 1911; Vanderyst 1923}. 

A. repens has an advantage in that it 
could be readily produced at the commer
cial fermentation level (150 000 litres and 
larger) by growth on a medium composed 
of 2% sucrose plus 0.25% corn steep liquor 
(personal communication from Dr CW. 
Hesseltine, USDA, Peoria, Illinois to R.A. 
Nolan, 1 February 1974}, which has been 
used to grow other closely related organ-

isms. Representatives of the genus Absidia 
are common components of the soil 
microflora. They are able to reproduce 
asexually by means of sporangiospores 
that aid in dissemination, and can also re
produce by sexual mechanisms to form a 
dormant, resistant zygospore (see Hessel
tine and Ellis 1966}. The strain of 
Pseudomonas used by Bauer (1974} has 
not been fully characterized . However, 
representatives of this genus are chemo
organotrophs that, generally speaking, 
lack highly specific growth factor require
ments, and can develop on a wide variety 
of organic compounds. Neither has the 
strain of Aeromonas used by Bauer (1974} 
been fully characterized, although repre
senta tives of this genus are also chemo
organotrophs. They hydrolyze casein; 
therefore the use of commercial-grade ca
sein hydrolysate in fermentation-level 
growth is a possibility. The optimal pH 
ranges for the growth of species of 
Pseudomonas (pH 7.0-8.5}, with no growth 
at pH 6.0 or below, and of Aeromonas (pH 
5.5-9.0} (Buchanan and Gibbons 1974} in
dicate that they could quite likely meta
bolize and be pathogenic in the midgut 
environment of a tsetse fly, assuming a 
given strain possessed the necessary toxins 
and / or enzymes. The midgut has a pH 
range of 6.3-6.9, if the values for G. m. 
submorsitans can be taken as indicative 
(Wigglesworth 1929). Although members 
of the fungal genus Entomophthora un
doubtedly have a promising future in the 
area of the biological control of insects, it 
is as yet impossible to assess their value in 
an anticipated program with Glossina. 
Much more basic physiological, biochemi
cal, and bioassay17 work needs to be done 
with these fungi before relevant large
scale studies are attempted (see Macleod 
1963}. 

Mermithid Nematodes 

Mermithid nematodes are obligate para-

17 Seep. 161. 
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Enclosed 45 000 gallon (1 70 000 litre) fermenter located at Arecibo, Puerto Rico (courtesy 5.F. 
Richard, The Upjohn Company, Kalamazoo, Michigan). 

sites. Those found in tsetse flies will prob
ably prove host-specific, or at least specific 
for the genus Glossina.18 Their life cycles 
and numbers are, therefore, likely to be 

18 Rubtsov (personal communication 1976) 
advises that new species of mermithids are be
ing described from i-laematobia and other rela
tively near relatives of Glossina in the USSR 
(ed) . 

intimately related to those of the host. The 
incidence of parasitism of Glossina by 
mermithids has never been reported to ex
ceed 1 % (Roberts 1976). This suggests that 
perhaps these worms may have a low po
tential as biological control agents. Alter
natively, the low incidence in adults may 
reflect a situation in which the nematode is 
mainly parasitic on the puparial stage, 
with adult parasitism serving primarily as 
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a mechanism for transporting nematodes 
to new sites. Adult parasitism might result 
from either infection late in puparial de
velopment, or infection of the teneral stage 
at the time of emergence. 

It is probable that mermithid nematodes 
lack potential as biocontrol agents aimed 
at adult tsetse. Mermithids require very 
moist conditions. It is thus technically 
difficult to apply them in spray formula
tions either to control flies visiting host an
imals for blood meals, or to treat sites on 
vegetation where tsetse flies might rest. 
Adjuvants have not yet successfully ex
tended the lives of nematodes for any ap
preciable period by preventing desiccation 
under exposed conditions. Moreover, there 
are no records of either the successful 
transmission of mermithids during feeding 
on higher animals or the successful infec
tion of insects resting on vegetation by 

mermithid larvae. Any possible potential 
of mermithid nematodes would best be 
evaluated by the introduction of the nem
atode eggs or preparasitic larvae in large 
numbers into sites where tsetse flies de
posit third instar larvae. The appropriate 
soil habitat could then offer the parasites 
protection from desiccation until possible 
penetration of the host. 19 

Several years of intensive research are 
obviously required before the real poten
tial of mermithids in tsetse biocontrol can 
be evaluated. If the results are favourable, 
then advances may follow the direction of 
the work by Petersen and Willis (1972), for 
the mass production of mermithid prepar
asites of mosquitoes. - F.J. Simmonds, 
R.A. Nolan, J.D. Briggs, and R.F. Myers. 

19 See footnote p. 87 (ed). 
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Public Health 
and 

Environmental Safety 

Over the past decade, the increasing de
mands on world food supply and the need 
to control vectors of human and animal 
diseases has resulted in an upsurge in the 
use of chemical insecticides. Mankind has 
benefited immensely from the control of 
vector-borne diseases in many parts of the 
world, and by the introduction of agricul
tural practices increasing the yields of food 
and fibre crops. As the immediate needs 
for pest and vector control were so obvious 
and urgent, and the initial success was so 
overwhelming, the more subtle side-effects 
and potential long-term consequences 
were often not considered in advance. The 
prediction of long-term effects must al
ways be, in part, conjecture, because the 
facts are only learned through continuous 
monitoring and observation. 

There is nevertheless tangible evidence 
that some chemical pesticides have had 
adverse ecological effects, especially where 
environmentally persistent or long-lasting 
compounds have been carelessly used. 
Also, the development of insect resistance 
to certain chemicals has resulted in the 
need for increased rates of application. 
Furthermore, the continuous increases in 
the price of petroleum (the raw material 
from which most chemical insecticides are 

synthesized) have drastically raised pesti
cide prices and in some cases hampered 
availabili ty. 

We have thus reached a turning point in 
vector and pest control, where we must 
consider a more prudent and diversified 
approach - nowadays termed integrated 
control, itself a component of the overall 
technique of pest management. Biological 
control (whether it be by means of para
sites, predators, microbial pathogens, hor
mones, or pheromones) must eventually 
play an important part in integrated pest 
management systems. Synthetic organic 
chemicals will undoubtedly remain the ba
sis of pest control in the foreseeable fu
ture, but they must be increasingly supple
mented by alternative methods of control. 

The biological control of agricultural 
and fores try insect pests is further ad
vanced than biocontrol methods for ar
thropods of public health importance for 
at least three reasons: (1) the short-term 
economic implications for agriculture and 
forestry are greater - consequently, more 
resources have been available for develop
ment of biological control agents; (2) large
scale agricultural and forestry operations 
are essentially monocultural, but many 
important disease vectors inhabit diverse, 
heterogeneous environments, rendering it 
much more difficult to apply the control 
agent efficiently; and (3) which is related to 
(2) most biocontrol agents, including all of 
the microbial ones, act as preadulticides. 
In the case of agriculture and forestry 
pests, the larval stage generally constitutes 
the problem. The advantage of biological 
control at this stage is evident. 

On the other hand, disease transmission 
is always effected by adult insects. This 
fact poses difficulties when evaluating the 
efficacy of biological control in those spe
cies characteristically producing vast num
bers of larvae subject to high mortality 
rates. Yet, in both agricultural and forestry 
entomology, the point is being reached at 
which the implications of increased intro
duction and use of insect pathogens, pre
dators, and parasites must be most 
thoughtfully considered. We must learn 
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from our positive and negative experiences 
with chemical pesticides, and try to avoid 
the same or similar problems when using 
biocontrol agents (" third generation 
pesticides" as they are sometimes called). 

Information concerning their health and 
environmental safety, and long-term 
effects is replete with speculations, conjec
tures, and uncertainties, most of which 
may never be entirely resolved. Investiga
tors in this field must be able to devise an 
approach that will allow a reasoned evalu
ation of the possible risks associated with 
the use of biocontrol agents. To date, most 
of the limited use of biological control 
agents against pest insects has involved in
troductions of highly specific insect parasi
toids posing no harm to human health and 
very little to the environment. Such bio
control agents are, after all, naturally oc
curring organisms to which man and his 
environment are continuously exposed. 
However, the possibility of a new risk
level being associated with inundative re
leases of microbial control agents (viral, 
bacterial, rickettsial, protozoa!, fungal, 
etc.) in new or expanded habitats, must be 
viewed as an entirely novel circumstance. 

Our safety evaluation of biocontrol 
agents will focus primarily on insect path
ogens and parasites, a unique group of 
biocontrol agents, having the potential for 
reproduction and infection in nature. To a 
lesser extent, the release of predators will 
also be discussed. Insect hormones (or 
growth regulators) and pheromones will 
not be discussed. These are chemically de
fined products. Their safety evaluation 
should follow closely that used for other 
chemicals, with special emphasis on such 
aspects as specificity, use , and residue con
centrations. Genetic control (i.e. sterile
male release and other genetic tech
niques) , which are sometimes termed 
"autocidal" control , will not be discussed 
here . The safety and rationale of these 
techniques have been discussed and as
sessed by others. 

The general scheme presented could al
low the orderly development of pathogens 
for pest and vector control. Basically, this 

program consists of safety testing, limited 
use, review, and assessments . These se
quential phases must be so integrated that 
a scientific judgement of the probable risk 
of the next step is feasible. Evaluations of 
efficacy and safety should proceed simul
taneously. Neither a safe agent, which is 
not efficacious, nor an efficacious one, 
which is not safe, is of any value. 

Predators and Parasitoids of Pest 
and Vector Arthropods 

Hazards to Humans 

The possible hazard to man resulting 
from the introduction of pest and vector 
parasitoids and predators is very low. The 
possibility that such species may be carri
ers of human disease is, to say the least, 
tiny. However, it must be ascertained a 
priori, based on the biology of the preda
tors or parasitoids in question, whether or 
not it is possible that they could be vectors 
of human disease. Another adverse effect 
that may be envisaged is that the intro
duced parasites and predators could be
come overabundant, presenting a second
ary problem. This eventuality is an 
environmental issue, to be considered 
when assessing the environmental safety 
of species introduced under the proper na
tional entomological quarantines prevail
ing in the countries concerned. 

Environmental Safety 

The biology of predators and parasitoids 
must be known. This not only permits the 
assessment of their safety, but also is es
sential to any appraisal of their effective
ness . General food habits and require
ments, alternate hosts and prey species, 
and temperature and humidity require
ments affect the performance of intro
duced biocontrol agents. 

Prior environmental and ecological stud
ies are a prerequisite to any such 
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introduction. All conceivable environmen
tal interactions obviously cannot be as
sessed, but the most significant inter
relationships should certainly be studied. 

Environmental safety and the effective
ness of predators and parasitoids are 
closely linked. From the safety aspect, it 
would be desirable to use biocontrol 
agents with a very narrow food, prey, and 
host spectrum. For effective control this 
may not be desirable , since the chosen 
predator or parasitoid must be able to sur
vive after decimating its supply of prey or 
hosts. On the other hand, species that are 
nonselective as regards host or prey selec
tion, are probably not very effective 
against a particular target pest. 

This situation can be expressed graphi
cally by plotting the projected effective
ness and safety of a parasitoid or predator 
in relation to its host or prey spectrum. 
Species selected for control purposes 
should combine maximum control effec
tiveness with minimal potential for envi
ronmental hazard. 

The group termed "parasi tes and 
predators" includes a vast number of spe
cies from a variety of invertebrates to such 

vertebrates as fish. Obviously the same 
safety considerations or standards cannot 
be applied to all species. In each instance 
the following questions should be asked: 
(1) Is human infection possible, or likely? 
(2) Is uncontrolled spread in the environ
ment, with adverse effects on humans 
and / or other non target species, possible or 
likely? and (3) Could unforeseen adverse 
effects be corrected, should they become 
apparent? Any rationalizations, laboratory 
tests, or environmental and ecological in
vestigations must be designed and focused 
to answer these questions. 

Pathogens 

Entomopathogenic viruses, bacteria, fun
gi, and protozoa fall within this sub
heading. There are semantic problems 
over terms such as "pathogen, pathogenic, 
parasite, parasitic," depending on the 
training and background of the investiga
tors concerned. The reason for discussing 
pathogens separately - although some of 
them could be classified as obligate para
sites (baculoviruses and some bacteria for 
example) - is that here we are dealing 
with microorganisms. In considering hu
man health as well as environmental 
safety aspects, we must exercise considera
bly more caution. Also, the organisms 
listed under pathogens are applied in 
much the same fashion as conventional 
pesticides. On the other hand, predators 
and parasites are generally applied by a 
highly selective release procedure (mer
mithid nematodes may be an exception). 

Major Requirements for Testing 
Biological Control Agents 

The evaluation of a biocontrol agent's 
usefulness and safety must proceed in an 
orderly and well-planned fashion . Tests 
and reviews should be structured in such a 
fashion that the development of the con-
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STAGE I 

Lnbomtory 

A. Identification a nd 
cha rac teri za ti on 

B. Assessmen t against 
selected target vec to rs 

C. Pre liminary eva lua
tion of case of rearin g in 
quant ity 

Table 20. Preliminary scheme for screening and eva lua ting the efficacy, safety, and 
environmental impact of biological con trol agents for control of disease vectors. 

STAGE II 

Laboratory 

A. Mammalian infecti
vity tests to ensure 
safety to laboratory 
and field personnel 

Results of re11iew of 
stages I a111I II 

STAGE Ill 

Preli111i11ary field trials 

Strictl y regulated tests 
under WHO supervi
sion to determine 
efficacy aga inst dis
ease vectors under 
natural conditions 

With the use of larger 
a mounts of biologica l 
contro l agen ts, 
methods of appli ca
tio n sho uld begin to 
receive attention 

STAGE IV 

Labornton1 

More detai led tes ts o n 
mammalian infecti
vity, using appro
priate techniques 

Laboratory a11d field 
trials 

Detail ed s tudies on 
non ta rget 
range-especially 
other fauna in rep
resentative habitats 
where s tage V trials 
may be conducted 

Fom111latio11 

Studies on stability of 
suitable formu la ti ons 
and delivery systems 

Rroiew of stages I, 
II , Ill , a11d IVln1i11-
fom1nl co11s11lt~tio11 
group 

STAGE V 

Large scale 
field trials 

To be con
ducted under 
WHO a us
pices. Not 
presently 
defined, and 
will va ry ac
cordi ng to 
target vector, 
habitat(s), 
mode of ap
plication, e tc. 
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trol agent proceeds rapidly, without, how
ever, endangering human health and the 
environment. Financial resources must be 
used wisely, checks and balances being ap
plied so that a project can be abandoned in 
good time if it becomes apparent that the 
control program is neither effective nor 
safe . A five stage program,2° now pro
posed, is schematically shown in Table 20. 
It must be stressed that this program is 
presented for guidance only - the various 
stages may gain or lose importance de
pending on the kind of agent to be devel
oped, and on the eventual extent and type 
of projected use. For example, agents to be 
used in circumscribed areas, (e.g. small 
water bodies) will have to be developed 
through the stages indicated with different 
points of emphasis from those relating to 
agents that are developed for large-scale 
use and / or for use on food crops. It must 
also be pointed out that demarcation be
tween the stages of development should 
be recognized as fluid . Certain goals of the 
next stage should determine or extend ex
perimental designs of tests. 

Stage I 

The first step in the development of bio
control agents (especially microbial patho
gens) is the isolation of the agent in na
ture. Biological methods (e.g. host range, 
and biochemical and biophysical methods) 
must be used for identification as well as 
morphology. This very important step var
ies greatly, depending on the type of agent 
involved, and certain problems arising in 
identification are discussed here. Plans are 
underway as part of the WHO's expanded 
Medical Research Programme, to establish 
international and national collaborating 
centres concentrating upon each type of 
candidate pathogen, in order to achieve a 
standardized and uniform characteriza-

20 Such a scheme has been approved in prin
ciple by the 21st World Health Organization's 
Expert Committee on Insecticides. 

tion . Besides strictly taxonomic identifica
tion , growth parameters such as tempera
ture and pH range, substrate or host 
requirements, and susceptibility to antimi
crobial agents must be determined. Such 
basic information is essential for deter
mining health and environmental safety, 
and providing reassurance that corrective 
measures will be taken should adverse re
actions occur in persons exposed to the 
control agents . 

A preliminary safety-screening of the 
prospective control agents must be under
taken in Stage I. Laboratory animals 
should be exposed to the pathogen by the 
appropriate route (oral, subcutaneous, in
traperitoneal, intertesticular, etc.). This 
type of screening allows a rapid conclusion 
about the acute mammalian virulence of a 
candidate entomopathogen. It will indicate 
how best to handle the control agent, and 
how to proceed most sensibly to the more 
sophisticated and comprehensive safety 
tests of Stage II . 

During this first stage, appropriate 
bioassays to determine the efficacy of the 
control agent should be conducted against 
a range of target pests and vectors. This as
sessment should be made under condi
tions of strictly controlled laboratory expo
sure , so as to gain knowledge about the 
mode of action of the pathogen. Further
more, the design of such laboratory stud
ies should approximate the proposed use 
of the candidate control agent (i.e. aquar
ium tests for aquatic vector larvae should 
simulate as much as possible the vector 
habitat - swiftly flowing water for 
blackfly larvae or stagnant, low-oxygen 
conditions for certain mosquito species, or 
tests in small greenhouses or growth 
chambers for agricultural and other terres
trial insects). 

Essential data can thus be collected on 
the stability, persistence, and effectiveness 
of the candidate biocontrol agents. This 
knowledge will help in small field tests, 
and in environmental safety evaluation. A 
good example is the recent discovery that 
at least some species of the mosquito 
pathogenic Coelomomyces (fungi) must go 
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through an alternate infective cycle in a 
cyclopid crustacean. Laboratory studies to 
maintain such cultures had often failed 
previously because pure water lacking mi
crofauna was used as a medium. 

No biocontrol agent can be of any value 
if it cannot be produced with relative ease. 
At the start of the investigation, it must 
therefore be determined whether or not 
mass propagation will be possible. If it is, 
the efforts necessary to obtain adequate 
amounts of the agent must be evaluated. 

At the start of developmental studies (of 
microbial pathogens in particular), there 
exists a unique possibility to test human 
beings who will be exposed in the labora
tory. All persons associated with the pro
ject should be in good health. Serum col
lected before they begin working with the 
agent should be stored frozen, to be 
checked later when serological tests are 
available. This should not be interpreted 
to mean that the exposed workers must 
not be protected. In fact, laboratory and 
research personnel should be instructed to 
handle the prospective agent with the ut
most care - all labora tory accidents such 
as breakage and spi llage must be reported 
and investigated. For all practical purpos
es, laboratory experimentation should be 
conducted as though one were dealing 
with a known infectious agent. 

Stage II 

For a pathogen showing a potential for 
becoming a useful control agent, compre
hensive safety tests should be started dur
ing this stage. Short-term, and subacute, 
stud ies with laboratory animals should be 
conducted. The type of study and the 
possible effects to be looked for will vary 
greatly with the type of pathogen and its 
basic properties, as determined in Stage I 
(e.g. a pathogen whose growth characteris
tics indicate that it cannot grow under the 
conditions existing in the gastrointestinal 
tract - temperature, acidity, 0 , concen
tra tion, etc. would still be tested by the 
oral route, but with minimum short- term 

exposure). Emphasis must be placed on 
growth potential under more favourable 
conditions, which may exist, for example, 
on the skin , in the eyes, and possibly in 
the lungs. As another example, testing in 
tissue culture is a specialized and sensitive 
approach for viruses. However, it is of lit
tle value for other pathogens. 

Although effects on various nontarget 
species will be studied in detail in Stage IV 
using controlled laboratory studies, and 
aga in in Stage V concurrent with opera
tional uses, it is important that the effects 
on a selected number of nontarget species 
should have been studied in Stage II. Most 
laboratory animals used to assess human 
safety will be mammals. Acute and / or 
subacute tests will call for the use of inver
tebrates (bees, a crustacean, and a mol
lusc), aquatic vertebrates (1 or 2 species), 
and one or two birds. When selecting 
these subjects, it must be borne in mind 
that the fauna of the eventual use-loca
tions may not lend themselves for labora
tory rearing. Therefore, sensible substitu
tions (with species easily reared and 
controlled under experimental conditions) 
will have to be made. 

As soon as some of the safety tests are 
completed, the results should be reviewed 
by a group of experts from national regu
latory agencies and / or experts from UN 
Specialized Agencies such as WHO. Based 
on this review, the preliminary field trials 
of Stage III should be started. It is not nec
essary that long-term studies be completed 
before Stage III (which is still an experi
mental phase) begins. In America, for ex
ample, Stage III would fall under 
"experimental use permits" - these limit 
and control the extent, time-period and 
degree of use of control agents. 

Stage III 

The time limited fie ld trials of this stage 
are designed primarily to assess the per
formance of the control agent, and to test 
optimal use application rates, formula
tions, timing, etc. These trials must be 
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conducted under strict supervision. Al
though the performance testing of the 
control agent is the primary aspect of 
Stage III , questions relating to safety must 
be considered at this phase as well. Such 
well-controlled investigations are espe
cially suited to study environmental 
effects, including persistence under natu
ral conditions, and adverse effects upon 
nontarget vertebrates and invertebrates. 
Pathogen levels before and immediately 
after treatment, and at various time peri
ods thereafter, must be determined. 

Long-term safety tests are usually rather 
expensive. Therefore, those assessing 
novel biocontrol agents would do well not 
to proceed with sophisticated research 
programs until preliminary field trials have 
shown tangible success and promise. How
ever, once the decision has been taken to 
develop a selected entomopathogen to the 
level of a practical biocontrol agent, long
term studies will be required . From the be
ginning, these should include safety-re
lated investigations in order to assure syn
chronized completion of the whole 
development program. 

Stage IV 

This stage can be viewed as transitional 
between Stages III and V. Some tests and 
observations concerning nontarget species 
will have been conducted in the laboratory 
in Stage II and in the field in Stage III . Ex
periments on nontarget vertebrates, espe
cially on species that will be exposed at 
Stage V (i.e. during large-scale field use), 
should be continued under controlled lab
oratory conditions. Depending on the pro
posed use, representative fish , reptiles, 
birds, mammals, and nontarget inverteb
rates (especially insects and crustaceans) 
should be tested. The type of tests and the 
criteria for determining effects (if any) 
should be similar to the laboratory tests 
conducted under Stage II . 

Second-year limited field trials would 
also fall under Stage IV. These field trials 
should try to correct failures that may 

have been encountered in earlier trials. 
They should also pursue favourable trends 
recorded with respect to formulations, and 
application technologies and frequencies . 
After completing Stage IV, the parameters 
of the control program should be defined, 
and data for a comprehensive judgement 
on the safety aspects must be available. 

It should be emphasized that new per
sonnel involved in the expanded field and 
laboratory testing should be monitored on 
a continuous basis for possible adverse 
health effects (see Stage I). 

After completion of Stages I-IV, all data 
relevant to the control agent should again 
be reviewed by specialists. They must 
reach agreement as to whether or not to 
proceed to Stage V - large-scale, con
trolled trials . Should the safety data not 
support this step, the deficiencies should 
be identified and recommendations made 
on how to rectify the situation . 

Stage V 

At this point, large-scale operational 
field applications are undertaken to gather 
data on the ultimate effectiveness of the 
control agent. Long-range safety consider
ations, however, must also be incorporated 
into these trials. Several critical parameters 
must be established to assess any adverse 
effect on the environment and on public 
health. Suggestions and discussions con
cerning these parameters are discussed lat
er. Such safety requirements imply that 
large-scale field applications have to be su
pervised (or at least monitored) by experts, 
for several years. This will give continued 
assurance that the control agent is contin
uing to fulfill all safety requirements. In 
fact , in certain areas, it may be advisable to 
conduct a review program every 3-5 years, 
to avoid problems that have occurred with 
chemical pesticides (e .g. harmful environ
men ta! effects and pest resistance). 

It must be noted that in the United 
States, registration of a control agent will 
not be possible before satisfactory opera
tional uses are reported and reviewed. The 
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suggested review between Stages IV and V 
would, in essence, still be a review result
ing in extended experimental permits and 
temporary food tolerances (where applica
ble). Final registration would only be pos
sible, after reporting and reviewing results 
of large-scale operational use. 

Identification and Characterization 
of Biological Control Agents 

Bacteria and Fungi 

Criteria for identification are already es
tablished for pathogens belonging to these 
groups. Typing procedures as described in 
Bergey's Manual (Buchanan and Gibbons 
1974} must be used. The identification of 
fungi is generally more difficult, and ap
propriate mycological expertise will be re
quired. National reference centres (or 
organizations like the American Type 
Culture Collection) will be valuable re
sources for identification. 

Laboratories and research groups deal
ing with new pathogens must be responsi
ble for maintaining standard cultures for 
later comparison and deposition in refer
ence laboratories. Standard cultures must 
be periodically checked for viability, to 
ensure that no potentially useful ento
mopathogens will ever be lost from them. 
Responsibly regulated exchange of cul
tures between scientists is highly desira
ble. 

Concurrent with the identification proc
ess, growth characteristics (such as sub
strate, temperature, and humidity require
ments of the pathogen) must be studied -
this furnishes information on the sensitiv
ity spectrum of the organism to antibiotics. 
A preliminary evaluation of the pathogen's 
genetic stability should be made. This is 
especially important in the case of fungi. 
Maintenance and use of standard seed cul
tures will lower the chances for inadvert
ent type changes. 

Bacteria and especially fungi may pro
duce very harmful toxins. The presence or 

absence of such toxins must be investi
gated by bioassays as well as by chemical 
methods. Assay methods must be adapted 
from those cases where mycotoxins and 
bacterial toxins have been demonstrated. 

Protozoa 

The identification of protozoa is even 
more difficult than typing of bacteria or 
fungi . Most criteria are based on morphol
ogy, and it has been shown that these may 
not be stable markers, particularly when 
external pressures such as substrate 
changes are applied . For the identification 
and characterization of entomopathogenic 
protozoa, much basic research is needed 
before standardized methods are available. 

Several protozoa, which are human pa
thogens, such as plasmodia, trypanosomes, 
and leishmanias, have been studied exten
sively: identification and typing techniques 
used for them could be adapted for insect 
pathogens. It appears that careful serotyp
ing will be the most promising approach to 
the detailed identification of insect-patho
genic protozoa. 

Viruses 

It has been repeatedly claimed that virus 
identification and characterization pose 
the most difficult problem of all. Insect vi
ruses fall into several classes, based on 
their morphological appearance. A unique 
group are the baculoviruses (nuclear poly
hedrosis viruses (NPVs}, and granulosis vi
ruses (GVs) - these do not seem to have 
counterparts among vertebrate or plant vi-

. ruses. It has therefore been suggested that 
the baculoviruses show the best promise 
for pest control agents (WHO 1973; Sum
mers et al. 1975}. This does not mean that 
other viruses such as insect pox and cyto
plasmic polyhedrosis viruses (CPVs) 
should not be considered. However, when 
characterizing them, the most searching 
attention must continue to be paid to their 
possible relationship to vertebrate viruses. 

(1) Standardized methods to purify vi-
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ruses and viral subunits such as virions 
and inclusion body proteins, must be used. 
The basic structural units of viruses can 
also be further broken down and analyzed. 
This will identify and characterize the pro
teins, glycoproteins, phosphoproteins, and 
enzymes embodied in the structure. 

(2) Serological identification must be 
based upon the structural units - above 
all, the virions. Double gel-diffusion has 
been the usual technique employed for 
this. Serological identification must be ex
tended beyond gel-diffusion to include vi
rus neutralization, completent fixation, 
imm uno-fluorescence, radio-immune reac
tions, etc. 

(3) Based on the precise identification, 
reference or prototype viruses must be 
kept. Initially this can be done in individ
ual laboratories. Later, viruses and stand
ard reagents (sera) for identification must 
be deposited in national or international 
reference centres. 

(4) The increased use and sophistication 
of tissue culture techniques will certainly 
facilitate virus identification. Plaquing 
techniques are beginning to emerge, and 
they can be expected to bring sophistica
tion to virus characterization through clon
ing, plaque inhibition, and assessment of 
mutant strains. 

Human Safety 

Infections 

Entomopathogens must be tested to de
termine whether or not they can cause 
overt infection of vertebrates, including 
man . The primary routes of exposure -
oral , pulmonary, and dermal - must be 
considered. This is especially important 
for saprophytic organisms. The term 
"human pathogen" has lost much of its 
meaning since it became apparent that 
many normally nonpathogenic organisms 
(for example Pseudomonas) can cause 
problems under certain conditions. Full 
consideration must be given to the protec-

tion and health of not only healthy and 
well-fed humans, but also nutritionally de
prived immunodepressed individuals, or 
those on antibiotic drugs. 

With virus infections especially, there is 
a possibility of a persistent or inapparent 
infection. From several examples in mam
malian virology we know that low level in
fection with or without shedding of virus 
can occur. Permanent or temporary incor
poration of viral genomes into cell ge
nomes are possible, with effects ranging 
from minimal (such as partial virus protein 
synthesis) to maximal expression (such as 
the formation of cancerous cells). 

Noting that there is no evidence whatso
ever that these observations are applicable 
to the baculoviruses of insects, it is never
theless evident that our knowledge about 
the mechanism(s) leading to the subinfec
tious states referred to is far from com
plete. In fact, no standard technique can 
be suggested to detect inapparent involve
ment of viruses at the cellular level. How
ever, the search for changed surface and 
internal antigens, and nucleic acid hybridi
zation may be applicable to the demon
stration of nonproductive viral infections. 

Immune Reactions 

Since the pathogen incorporates foreign 
proteins there is a possibility of immuno
logical reactions involving the skin and the 
pneumo-bronchial system. Various de
grees of immunological manifestations (al
lergies, sensitization, and anaphylaxis), 
must thus be searched for. When safety
testing insect pathogens, these possibilities 
must be considered in designing the neces
sary laboratory animal studies. Exposed 
humans must also be periodically checked 
for the development of allergies or sensi
tization. 

No candidate biocontrol agent capable 
of providing signs of infection (overt or co
vert) in man and vertebrates, should ever 
be used for practical pest or vector control. 
However, certain forms of immunological 
reactions - although cause for extreme 
care - need not necessarily eliminate the 
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agent from further consideration, because 
the high-risk exposure group can be pro
tected from excessive contact. Human and 
wildlife populations can be protected by 
keeping the general exposure low. 

Toxins 

The presence of toxins in microbial con
trol agents is probably limited to bacteria 
and fungi (and possibly, some protozoa). 
Often, indeed, the toxin will be the insecti
cidal principle. The nature and / or pres
ence of toxins should be determined along 
with the identification. Evaluation of the 
safety of toxins would follow that of chem
ical pesticides, calling for the determina
tion of: the chemical nature of the toxin; 
the expected residue levels; and the toxic
ity for vertebrates. A comprehensive re
view of these factors would in most cases 
allow a judgement concerning the control 
agent's safety. This is especially applicable 
to situations where the toxin per se will be 
used as the control agent. Where the toxin 
will be produced as a by-product due to 
microbial growth, the situation is more 
complex. A determination of inadvertent 
toxin residues should then be made. Based 
on this, it should be possible to determine 
whether or not the exposure can be sup
ported based on toxicological evaluations. 

Risks to Humans 

High Risk Group 

The high risk group of the human popu
lation consists of persons working with the 
insect control agent in the laboratory or 
field . This small segment of the population 
must be adequately protected by aseptic 
techniques, respirators, and protective 
clothing. They should be both fully in
formed about the kind of control agent 
they are working with, and properly 
trained to avoid undue exposure. This par
ticular population is, incidentally, the ideal 
one for monitoring on a short- and long
term basis. 

General Population 

The general population should never be 
exposed to a control agent before it has 
been exhaustively tested in laboratory ani
mals. Effects are hardest to detect and 
evaluate in this group, because of the un
certainty about who was exposed to what 
and when. Nevertheless, survey programs 
for them will be prerequisite for the rec
ording of epidemiological and public 
health record data. In principle, studies of 
the general population would only be indi
cated should there be evidence of existing 
danger in the high-risk population. 

Prediction and Prevention of 
Possible Hazards 

Decisions on whether or not hazards to 
humans exist, must be based on carefully 
controlled studies with laboratory animals. 
For each group of microbial control agents, 
different tests may be necessary. Basically, 
it must be shown that the agent is not in
fectious and / or toxic to the test species. 

There is a special problem with safety 
tests for microbial control agents. In the 
case of chemical agents, a toxic level and a 
dose response can usually be established. 
Based on the no-effect level, a judgement 
and valid prediction of safe levels for hu
man exposure can be made. With insect 
pathogens, this approach is not valid. To 
establish safety, the laboratory tests must 
be negative - especially with regard to in
fectivity . The interpretation of such nega
tive tests is very difficult. The important 
question to ask is: Did the investigator use 
sufficiently sensitive and adequate meth
ods for the detection of an effect had it 
occurred? This means that the mode of ac
tion and methods of detection in the per
missive system (target species) must be 
known in order to determine that there 
was no effect in the nonpermissive system 
(nontarget species). In the performance of 
laboratory tests, basic principles of medi
cal microbiology must be considered. 
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Techniques for detecting actions of patho
gens should be adopted from the fields of 
infectious diseases in man and in animals. 

A sizeable percentage of human beings 
are on a regimen of antibiotics or immuno
depressive drugs or are otherwise in a state 
of lessened resistance to infectious dis
eases either as a result of nutritional defici
encies or diseases affecting the immune 
system. The competency of the immune 
system or antibiotic treatment can affect 
the outcome of a microbial infection. To 
determine if such impaired or altered 
states of health will affect the infection 
success of entomopathogens, animals 
whose immune responses have been sup
pressed or which are already on antibiotic 
treatment should be exposed (this applies 
especially to fungi) . 

Most laboratory tests will be performed 
using live animals. For certain pathogens, 
especially obligate intracellular parasites, 
the use of tissue culture may complement 
the studies on whole animals. Tissue cul
ture has the advantage that direct cellular 
interactions can be studied, with proper 
control of external parameters such as 
temperature and nutritional state of the 
cells. On the other hand, tissue cultures 
lack the defence mechanisms (antibodies, 
lymphocytes, gastric digestion, etc.) of the 
living animals. In evaluating the results of 
tissue culture studies, these factors must 
be taken into account. 

For each class of insect pathogens, we 
must develop guidelines and protocols to 
advise the investigator on what to look for, 
and how to detect adverse effects. Agen
cies in several countries are presently stud
ying the design of relevant guidelines and 
protocols. 

Together with the predictive studies dis
cussed above, monitoring studies of the 
high risk exposure group must be under
taken. Two questions (what to look for, 
and how to look for it) are not easily an
swered for human exposure studies. Some 
techniques for isolation and identification 
of the pathogens, such as serological tests, 
may be adaptable from the animal studies. 
Probably the best approach to human 

health monitoring would be a complete 
and comprehensive periodic health check, 
including the testing of central nervous 
system responses, the cardiovascular sys
tem, and allergic reactions. Because of the 
usually small numbers of individuals in
volved, statistical analysis and comparison 
with the general population will be 
difficult. On the other hand, obvious 
changes - such as allergies and other im
mune reactions - are unlikely to escape 
detection. 

The monitoring of the general popula
tion after extensive applications have been 
made (see Stage V above) is still more 
difficult than monitoring personnel em
ployed in production and application. 
However, public health officials in treat
ment areas should be alerted to be on the 
watch for any unusual effects. Further
more, allergic and other reactions encoun
tered among exposed laboratory personnel 
should be kept in mind when observing 
the general public. The advantages of such 
an approach will be that the number of 
monitored individuals will be greater, and 
statistical evaluation will be possible 
through comparison with matched control 
groups. 

A major factor affecting the hazard to 
the general population is the level of expo
sure. For this reason, it is important to 
study environmental levels of entomo
pathogens, and their persistence under 
natural and use conditions. These determi
nations of exposure levels in the environ
ment, including insect control directed to 
food crops, will depend on the develop
ment of standardized bioassays. Because of 
the variable nature of such bioassays, the 
studies cannot be compared with residue 
analysis for chemical pesticides, and can
not be used for strict enforcement purpos
es. They should, nevertheless, be perfect
ed, in the interest of obtaining a general 
picture of pathogen levels, and thus, of ex
posure levels. 

As a last preventive measure, where ap
plicable, information on antidotes to the 
pathogen must be available (see identifica
tion of pathogens). Should, despite all the 
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testing and monitoring recommended 
above, a human health hazard develop, it 
would be of the utmost importance that an 
antibiotic agent be available to protect the 
public. This situation, however, must re
main a hypothetical one; because safety 
testing must be comprehensive, and evalu
ation of data conservative, before any 
entomopathogen is released in great quan
tity. 

Environmental Safety 

Many of the environmental safety as
pects to be considered have already been 
treated in the preceding section. This is es
pecially so in the descriptions of the pro
posed scheme for evaluation and safety
testing. Environmental safety is considered 
in those sections dealing with nontarget 
species. The basic concern is that introduc
tion or augmentation of naturally occur
ring populations of predators, parasites, or 
pathogens of arthropods might prove dele
terious to components of the biota other 
than the target pest and / or vector species. 

Invertebrate Populations 

In Stage II it is recommended that pre
sumptive safety tests be conducted against 
certain standard organisms at appropriate 
life stages: where the appropriate stage is 
unknown, several larval forms and the 
adult stage should be checked. For exam
ple, for entomopathogens to be used 
against aquatic insect pests or vectors, 
dragonfly larvae, crustacea (crayfish and 
copepods), and molluscs would suffice. In 
Stage IV the testing should be based on 
representatives of the known invertebrate 
fauna of the areas to be treated. If, for ex
ample, commercial or edible species (e.g. 
shrimp, crabs, or oysters in receptor estu
aries) occur in the test area these should be 
studied. Terrestrial systems are more 
difficult, but in Stage II, honeybees or 
other pollinators, silkworms, terrestrial 
nematodes, and soil Coleoptera might be 

used. In Stage IV the major nontarget 
species would have to be determined ac
cording to the proposed site of application, 
depending on the target habitat. When
ever possible, caged specimens should be 
employed, being positioned in appropriate 
sites for maximal exposure in the test area. 
As a general rule it would be wisest to 
commence testing with two principles in 
mind: (1) initial testing should be concen
trated on four or five organisms not closely 
related to the target species; and (2) should 
these tests prove negative, subsequent 
ones should be extended to several taxa, 
closely related (perhaps at the generic lev
el) to the target species. In all cases, organ
isms of economic importance to man or 
those that are major components of the 
ecosystem concerned, should be empha
sized. 

Vertebrate Populations 

The testing of nontarget species of ver
tebrates in the laboratory (Stage II) should 
provide considerable insight into the selec
tion of species to be tested in any given 
habitat in Stage IV. This will largely de
pend on the nature of the pathogen. Ver
tebrate pathogens (viral, bacterial, fungal, 
protozoa!) and metazoan parasites some
times show great specificity at the species 
or generic levels. In other cases, though, 
they may be almost ubiquitous. Consider
ing the currently demonstrated health and 
environmental safety of entomopathogens 
(parasites and parasitoids of insects are 
even less hazardous) a selected species of 
fish (and its eggs, if relevant), an amphibi
an, a reptile, a bird, and a mammal, from 
the ecosystem in question, should suffice 
as subjects for overt infection tests before 
proceeding to a Stage V field trial. 

Had these, or closely related forms, been 
tested in Stage II or IV, this stage could be 
eliminated. Aquatic systems (fish and am
phibian) should be exposed to the patho
gens by inoculation of the water and by 
feeding insects killed by the pathogen. 
Terrestrial forms (birds and mammals) 
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should be tested by intraperitoneal injec
tion and by feeding them diseased insects. 
Reptiles, according to habitat, should be 
tested by either method. Wherever possi
ble, caged specimens should be placed in 
appropriate sites for maximal exposure in 
the test area. 

It should be mandatory during Stage V 
tests, that the same vertebrate species be 
sampled in longitudinal series from the 
test area and examined for evidence of 
overt infections. Should infections be 
demonstrated, this should be followed by 
serological tests. Sera samples should be 
retained from early tests for subsequent 
testing at 3-5-year intervals. 

Plants 

Certain candidate biocontrol agents, for 
example fungi, might damage seeds or 
other plant parts. At Stage II , a culture of 
filamentous algae should be used for test 
purposes. At Stage IV, if a fungus has to 
be tested against rice-field mosquitoes, it 
should be tested against planting-stage 
seedlings. It is not believed that other 
groups of insect parasites or pathogens 
could lead to major concern regarding 
plants. However, considering the ease of 
testing, an algal culture and a seedling 
plant should nevertheless be exposed to 
each agent in question. 

Environmental Equilibrium 

All biological systems tend to develop 
toward a state of equilibrium. A major 
criticism of chemical insecticides is that 
the addition of such extraneous factors has 
upset certain equilibria by inadvertently 
affecting their component parts. Yet, the 
purpose of pest and vector control always 
is to produce an environmental change. To 
produce maximum yields of food, it is nec
essary to halt natural depredation of herbi
vores or of plant diseases. Human mala
dies such as malaria, onchocerciasis, and 
yellow fever, are naturally occurring dis
eases whose transmission we wish to inter-

rupt. To do so, a priori, involves an envi
ronmental change, for which a value 
judgement must be made. 

The objective in testing human and en
vironmental safety of candidate biocontrol 
agents should be to ensure that the change 
required is as small as possible, and di
rected only to the components of a given 
ecosystem (or rather, to as few of them as 
possible) to achieve the desired purpose. 
The same can be said for the use of chemi
cal insecticides. In all cases, it is necessary 
to balance the acceptable levels of change 
against the benefit to be derived (e.g. im
proved public health, greater food pro
duction). 

Recommended procedures for testing 
the safe use of various classes of biocontrol 
agents, especially through Stages I-IV, 
have been outlined. A further dimension 
remains to be considered for Stage V trials 
- environmental equilibrium. This is 
something that cannot be done in the lab
oratory and which requires an exhaustive 
knowledge of the components of the eco
systems being studied. A chemical or bio
logical control method can kill fish or birds 
by acute toxicity (or infection), or by de
stroying the food chain necessary for their 
maintenance. The former can be studied 
directly, the latter only indirectly. For the 
proper conduct of Stage V, we must be 
able to monitor, throughout the trials, the 
population levels of different components 
of the ecosystem (producers, consumers, 
and degraders) . Selected representatives of 
each category must be kept under close 
observation, to determine if, and when, a 
population imbalance occurs. 

Such an indirect measure will provide 
broader information on host-specificity 
than would normally be available from the 
proposed laboratory tests . Additionally, it 
is fundamental to study the residual na
ture of the agent applied, and its activity 
and persistence throughout the e~osystem. 
Should the residual effect be too time
consuming, target species with short 
generation-times might develop resistance 
(as they have to certain chemical insecti
cides); if it is too brief, efficacy will suffer. 
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To evaluate such a situation, type cultures 
must be maintained. Ideally, the required 
studies should determine relative fre
quency of species. In practice, less quanti
tative information on seasonally adjusted 
relative abundance of ecosystem compo
nents selected by their trophic roles, be
fore and after treatment, would suffice. It 
would also be pertinent to adapt Metcalf's 
recent Model Ecosystem approach, in con
nection with studies on biodegradibility of 
chemical insecticides, to determine the 
fate of biocontrol agents (especially aquat
ic ones) in a closed ecosystem. 

Present concern about the human envi
ronmental safety aspects of chemical con
trol methods has prompted a search for al
ternative methods of insect pest and vector 
control. Notable among these alternative 
methods is biocontrol, especially the use of 
predators, parasites, and pathogens of tar
get species. As there is not yet a clear sys
tem for evaluating the efficacy and safety 
of proposed biocontrol agents, a workable 
framework for such a system has been 
offered. It is submitted that such a scheme 
would minimize development costs by 
outlining a logical series of stages in their 
development, and would prompt collabo
ration between the scientists representing 
the required skills (e.g. medical and agri
cultural entomologists, microbiologists, 

pathologists, toxicologists, ecologists, and 
industrial specialists). It would also furnish 
national and international agencies, con
cerned with testing and regulation, with a 
scale for determining the development sta
tus of any particular agent. In preparing 
these guidelines, it was recognized that 
whereas safety testing must be rigorous, 
excessive demands could not but have a 
detrimental effect on the development of 
practical biocontrol procedures. Finally, it 
is submitted that national and interna
tional agencies should collaborate in facili
tating such efficacy and safety tests 
through an established network of collab
orating centres at their respective levels. 

The scheme proposed is based on these 
premises: {1} that identification and char
acterization of any candidate microbial 
control agent is of critical importance; and 
that this should be followed by laboratory 
tests for efficacy against target vectors, and 
ease of production; (2) presumptive safety 
tests for man and other nontarget species 
are then required; {3} strictly regulated 
field trials should follow; ( 4) advanced 
tests for human safety and host-specificity 
among nontarget species are now manda
tory; and (5) supervised full-scale field 
tests should await the completion of stages 
I-IV. - R. Engler and A.A. Arata. 
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Training in Biological 
and Integrated Control 

Biological control is the use of living or
ganisms to control pests. The approach 
can be integrated with the selective use of 
chemical pesticides in ways designed to 
avoid harming naturally occurring agents. 
The target of a biological or an integrated 
control treatment usually is a single pest 
or vector species. However, any one envi
ronment usually is the home of a variety 
of kinds of pests: weeds, vertebrates, plant 
diseases, nematodes, as well as insects and 
mites. Therefore, it may be the site of a 
number of control treatments each applied 
more or less independently of the others, 
and each with pest destruction as its pri
mary purpose. 

One consequence of this is that preven
tive measures may be neglected . Another 
is that the different controls may not sup
plement one another. Indeed , they may 
counteract one another to some extent; 
some of the energy used in applying them 
may thus be wasted. A third consequence, 
and the most important one, is that chemi
cal pesticides are added to the environ
ment in quantities that can be superfluous, 
harmful , and inefficient. 

There is growing need to reduce the 
amounts of chemical pesticides used to the 

minimum required to complete any job of 
pest control effectively. This means in part 
reducing the actual amounts applied, and 
in part, replacing some chemical control 
treatments with nonchemical control 
methods. 

The reasons why the use of chemical 
pesticides should and will be reduced are 
various. Nonselective commercial pesti
cides can be inefficient - though they 
may alleviate the symptoms of pest attack 
quickly and effectively, they do not cure 
the ailments. Instead, and if not applied 
carefully in integrated programs, they can 
tend to intensify existing pest problems 
and to create new ones by killing 
biocontrol agents. They, or their degrada
tion products or contaminants, can accu
mulate in the environment, harming crops, 
livestock, wildlife, and man. Moreover, 
they may not remain effective as pesti
cides, because pests can develop resistance 
and immunity to them. Environmental 
protection and public health legislation in
creasingly restrict their availability and 
limit their use. Also (and most importantly 
in practice) they are becoming so expen
sive as to be increasingly beyond the 
means of an increasing number of users -
particularly those in developing countries. 

The best available solution to all these 
problems is now generally recognized as 
pest management: the management of en
vironments in ways designed to result in 
the best combination of minimum pest 
damage with minimum harm to useful ele
ments that is commensurate with the in
formation and resources available at the 
time. It is the third profession that deals 
with the harm caused by living organisms 
to people and their property, the others 
being the medical and veterinary profes
sions. Like those older professions, it will 
develop a large corps of private practition
ers (see Beirne 1967 and Peterson 1974). 
The potential manpower requirements for 
pest management in agriculture in the 
United States have been estimated by the 
U.S. Department of Agriculture at over 
11 000 professional crop protection spe
cialists and 168 000 assistants. 
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Pest management is the ecological ap
proach to the prevention of pest damage, 
as distinct from the purely pesticidal ap
proach. An environment-based integrated 
philosophy, it replaces pest-based ap
proaches that are segregated from one an
other even if each is integrated within it
self. It is the integration with one another 
of all the control programs used in that en
vironment. It is a method that must con
tinually improve in effectiveness as knowl
edge increases. 

The desirable basic sequence of events 
in applying a pest management program is 
to: use physical procedures to deprive the 
pests of requirements for survival and in
crease; cause the pests to be killed by self
perpetuating, noncontaminating means; 
use other kinds of noncontaminating, se
lective pest-killing means; and, finally, use 
means that can have harmful side-effects 
or residual effects, but only when there is 
no remaining alternative. Or: (1) use cul
tural control methods; (2) alter perma
nently the ecology of the environment to 
the detriment of the pest species by (a) 
physical means, or (b) establishing there 
new biological control agents (including 
pest-resistant varieties of crops, as well as 
parasites and predators); (3) apply selective 
pesticides, especially biological ones such 
as microbial pathogens, if they are avail
able; and (4), if or when those methods are 
not adequately effective, apply chemical 
pesticides at only the times and only in the 
minimum quantities needed to produce 
good effects and not undesirable ones, 
those times normally being determined 
by monitoring population changes of the 
pests and of their important natural ene
mies. 

In a given environment, any one of 
these (or a combination of any two or 
more) may prove to be the best feasible so
lution. To generalize very broadly, the best 
answer in annual crop situations often 
may be a combination of (1) and (4); in 
forests and against vectors of diseases of 
man and livestock it may be (2); and in 
buildings and other closed environments it 
is often likely to be (4). 

It is evident that a trained pest manager 
must be informed on all kinds of pests and 
of all possible control or management 
methods, and have practical experience 
with both of these as they relate to at least 
one main class of environments, (e.g. agri
cultural), and desirably to the others as 
well. 

Systems for training people for research, 
advisory, or applied work in pest control 
have been largely fragmented, and indeed 
usually still are. For instance, training may 
be related to insects but not to weeds, to 
plant pathogens but not to harmful verte
brates, to pests of agriculture but not of 
structures, or to forestry pests but not to 
pests of veterinary or direct human signifi
cance. Often it may be related more to 
measures that kill pests rather than to eco
logical procedures for managing pest pop
ulations to keep them at low levels . The 
comprehensive, integrated approach (pest 
management) is one that requires a broad, 
comprehensive, and integrated training; 
both as an end in itself, and as a basis for 
specialization in some aspect of pests (or of 
their management, or of a related basic 
discipline) . 

Pest management training programs 
have been or are being developed in vari
ous universities in advanced countries. 
Tending to have certain characteristics in 
common, they usually cover all kinds of 
pests, pest environments, and manage
ment (including control) measures. They 
include a period of practical experience in 
the field, and are not based primarily on 
research theses. They more resemble in 
their general approach a medical or a vet
erinary training program than a typical 
MSc or PhD one. 

They may differ from one another in 
subject emphasis, often because of their 
origins. Thus, a curriculum that developed 
from a university department of entomol
ogy may tend to emphasize insect pest 
management, to synonymize this term 
with integrated control, and perhaps to 
pay relatively little attention to weeds and 
to pest vertebrates. A curriculum that de
veloped in a faculty of agriculture may 
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tend to emphasize agricultural pest man
agement and to neglect that of forest pests 
or of disease vectors, and thus tend to sy
nonymize pest management with agricul
tural pest management. 

The organization of a pest management 
curriculum may be illustrated by that at 
Simon Fraser University (SFU) at Burnaby, 
British Columbia, Canada, leading to the 
degree of Master of Pest Management 
(MPM). It is proposed as the example pri
marily because it is the program with 
which the authors are most familiar. As it 
was developed in a new university it has 
been able to avoid influences of the history 
of the parent organization. It primarily at
tempts to produce generalists in pest man
agement, though with some opportunity 
for specialization. 

The SFU program consists essentially of 
four overlapping stages, as follows. 

(1) A prerequisite education that in
cludes undergraduate courses in plant and 
animal ecology, entomology and plant 
pathology, organic chemistry and bio
chemistry; but that otherwise may be pre
dominantly in any of a number of areas 
that are relevant to pest management, 
from such central fields as biology, medi
cine , or agriculture to such peripheral ones 
as, for instance, economics, chemistry, en
gineering, or political science. 

(2) A selection of graduate (i .e. postgrad
uate) courses on principles of pest man
agement, which fall into three main 
groups: (a) on pests: insects and mites, 
nematodes and plant diseases, weeds, 
harmful vertebrates, etc., and how they 
may be managed; (b) on management pro
cedures: cultural, physical, behavioural, 
biological, and chemical procedures, 
and their characteristics, mechanisms, 
strengths, weaknesses, interactions, and 
integration; and ( c) on related subjects or 
processes of which some are subjects of 
separate courses, whereas others are incor
porated in the above courses or, especially, 
in those referred to below (3) . They in
clude, notably: population dynamics, epi
demiology, toxicology, parasitology, path
ology, and physiology; characteristics of 

research, application, information and reg
ulatory agencies; soi ls, agricultural and 
forest engineering, plant growth, and the 
like, as they relate to pests or to their man
agement; relevant legislation and commu
nication procedures of various kinds; and 
sociology, economics, biometrics, and 
computer science. 

(3) Broad professional, or practical, ex
perience in the field. This is provided in 
five courses given largely by more than 60 
experts (listed by Beirne 1974) from out
side the University who are specialists in 
aspects of practical pest management. The 
courses cover practical applications of the 
process mentioned under (2a) to pests of 
different kinds of environments: agricul
tural, orchard, forest, savannah, urban, 
and industrial. 

(1) An individual study in depth by each 
student, on a subject tailored to each par
ticular case and normally concerning the 
aspect of pest management in which the 
student hopes to be employed. 

The practical parts of the curricula (3, 
above) of some other universities (cf. 
Obein and Motooka 1973) appear to be 
more specialized in that the student may 
gain his practical experience through a pe
riod of employment at a research station 
that is related to a particular class of envi
ronment or of type of crop. Both kinds of 
programs, the more general and the more 
specialized , are useful. The more general is 
the most applicable to training for the man
agement of vector populations, for it in
volves management of a wide variety of 
habitats: forest, swamp, grassland, savan
nah, urban, and agricultural. 

In advanced countries, pest managers 
are employed in research, development, 
consulting, advisory, regulatory, inspec
tion, monitoring, or educational capacities, 
and in the application of pest management 
procedures. They are employed by various 
levels of government and by industry or 
are in private practice. Their activities re
late to agriculture , forestry, public health, 
housing, recreation, environmental protec
tion, and / or food storage and processing. 
Similar job opportunities should appear in 
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due course in developing countries as the 
same needs become recognized there. 

In developing countries, though, the ini
tial emphasis must be on agricultural pest 
management. In most of these countries 
agriculture is still the mainstay of the 
economy, and (as was highlighted at the 
Food Conference organized by the United 
Nations in Rome in 1974) food production 
is often inadequate. It is therefore impor
tant that the first trained pest managers 
should be deployed in agriculture and re
lated fields .21 

Another aspect of particular importance 
in developing countries is the control of 
arthropods that are vectors of diseases of 
man and livestock. Tsetse fli es are only 
one example. Those diseases, in addition 
to their direct significance to human 
health , contribute seriously to the food 
production problem both by causing loss 
of man-hours and by preventing large 
tracts from being adequately inhabited 
and farmed to the extent that their agricul
tural potentials warrant. There is therefore 
an important role for pest managers in 
dealing with such diseases in both rural 
and urban situations. The latter pose de
mands for public health officers dealing 
with pest and vector prnblems of cities and 
towns, and with issues concerning the 
food-production and tourist industries. As 
developing countries progress, additional 
needs for pest managers, similar to those 
in advanced countries, will appear. 

Though the principles and procedures 
of pest management are applicable in all 
parts of the world , a training program 
given in one region is not necessarily the 
optimum for people who will work in 
other regions. Its practical segment having 

21 While recognizing the general validity of 
this statement, it should be remembered that 
there are exceptional vector- borne disease situ
ations (e.g. onchocerciasis in the Volta River 
basin) where the initial priority must be in the 
field of public health entomology and not eco
nomic entomology, for the reasons mentioned 
in the following paragraph (ed). 

to be based on pest situations of the local 
region, it cannot deal adequately (if at all) 
with situa tions characteristic of other parts 
of the world. For instance, the practical 
courses of the SFU curriculum cover pests 
of coniferous forests but not of tropical ag
riculture; whereas, those of a pest manage
ment curriculum at a university in the 
tropics would probably do the opposite. 
Therefore, there is clearly a need for pro
grams to be established in, and for, the 
tropical and subtropical regions. 

The SFU program, aimed at producing 
general practitioners, is an example of one 
kind of pest management curriculum. 
Other curricula may emphasize a particu
lar aspect (as with those that concentrate 
on agricultural pest management) and be 
more extensive than the MPM program -
as is the Doctor in Pest Management pro
gram advocated by Peterson (1973) for the 
University of Hawaii . At the other ex
treme, it may merely be an undergraduate 
major that includes courses in pestology 
and pest management or a diploma pro
gram consisting largely of practical train
ing and thus aimed at giving the pest man
agement approach to people already 
working in pest control, who may or may 
not have academic training, or who require 
refresher courses. Which of these is devel
oped at any institution will depend on the 
needs existing in the region, and the re
sources that are available to meet them. 

An adequate program must, however, 
be at least at the Master's level. It must be 
comprehensive and train generalists. Most 
pest managers will be employed as special
ists but, as with any profession, a specialist 
should first be trained as a generalist if his 
decisions and judgements are to be 
soundly based. A specialist in only one as
pect of pest management cannot properly 
be entitled a professional pest manager. 

Three main kinds of training programs 
appear to be needed in developing coun
tries, as elsewhere. Because they overlap, 
all three might be organized by the one in
stitution in any one region. 

(1) Short courses of a week or so, each 
covering an individual pest problem and 
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its management (e.g. tsetse flies); or indi
vidual procedures and their capabilities 
(e.g. pest or pesticide monitoring). These 
courses should be aimed primarily at peo
ple already working in these subjects, or 
who plan to do so but lack formal training. 
The courses should be given in the field by 
people with practical experience with the 
subjects of the courses. Each course should 
be both given in different regions, and up
dated for regular repetition in any one re
gion. Ultimately they would evolve into 
what would be largely refresher courses. 

(2) Structured programs of several 
months duration perhaps leading to a di
ploma in Pest Management. Such a pro
gram might be one of several kinds. It 
might be on pest management as a whole, 
especially its applied aspects, perhaps 
somewhat resembling the practical courses 
of SFU's MPM program; being offered to 
people already working in pest control, 
and who may or may not have previous 
relevant academic training. Or, it might 
deal in detail with a particular class of pest 
problem; for instance, arthropod vectors of 
diseases of man and livestock. Again, its 
subject might be a particular management 
procedure, for instance biological and cul
tural controls, such a program being 
offered to people already trained and ex
perienced in pest management or related 
subjects. These programs may ultimately 
evolve into refresher programs. 

(3) Full professional programs in pest 
management, producing general practi
tioners in the subject, having a Master's 
degree. As in the SFU program (see also 
Beirne 1974) and elsewhere (see Obein and 
Motooka 1973; Peterson 1973), any such 
program need not or should not require a 
major research thesis. It should cover both 
the principle and practice of pest manage
ment, and give the student some direct ex
perience with work on practical problems. 
Such a program would have to be given by 
the university level. Desirably, it should 
involve experts in practical pest manage
ment from agencies outside the university, 
as does SFU's program. Consequently, a 
university that has research or scientific 

service agencies nearby, concerned with 
some aspects of pest damage prevention 
and control (such as a government re
search laboratory or a station of the Com
monwealth Institute of Biological Control) 
offers especially suitable circumstances for 
a Master's program in pest management. 

However, there is an alternative: that a 
graduate (postgraduate) program should 
incorporate a research thesis, so that those 
concerned become familiar with the re
search process and are thus capable of ini
tiating and directing the research activities 
needed to obtain the information on which 
practical pest management programs can 
be based. Moreover, the research theses 
themselves would contribute to that infor
mation. 

The number of critically important pest 
problems and regional differences in 
languages and economics demonstrate that 
needs exist for a number of courses and 
programs of the kinds indicated above in 
the tropical and subtropical regions of the 
world. They should be given as far as fea
sible by indigenous personnel, who should 
take the initiative in planning, organizing, 
and developing them. The locations for 
training programs will in fact depend pri
marily on locations of universities that are 
both willing and (perhaps with aid from 
advanced countries initially) able to de
velop and operate them. 

One such centre should emphasize pest 
management of staple food crops such as 
millet, sorghum, and maize. Another 
might emphasize pest prevention in stored 
food products. One must deal with the 
management of arthropod vectors of dis
eases of man and livestock. Another per
haps could specialize in management of 
aquatic weeds and animals. Others might 
concentrate on management of pests of 
specific crops such as cocoa, coffee, coco
nuts, and sugarcane, that are of critical 
economic importance to particular coun
tries. Some must be related to particular 
language situations in Africa: franco
phone, anglophone, or others. All must 
take the broad, integrated, management 
approach to dealing with pest problems, 
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the people teaching them having the 
breadth of outlook and training needed to 
teach one integrated program rather than 
to teach a number of separate subjects in
dividually. 

Because the ultimate consequences of 
the programs will be beneficial to humani
ty, advanced countries have a responsibil
ity to assist in their organization and de
velopment. This responsibility might take 
the form of offering expert advice on the 
nature, organization, feasibility, and suita
bility of planned programs; of training 
pest-management scientists from develop
ing countries who will return to staff the 
local training programs, as well as to par
ticipate in pest and vector control opera
tions; and of assisting with material facili
ties. But the responsibility for operating 
the programs, as well as for the initiative 
in organizing and developing them, should 
rest with the developing countries - it 
must not have to depend on continuing as
sistance from advanced ones. 

Pest management training tailored to 
the needs of students from the third world 
could enable developing countries to learn 
from past mistakes in advanced ones 
where highly detrimental side effects 
sometimes followed short-sighted control 
procedures. Pest control in developing 
countries has involved makeshift, hold
ing-the-line, actions. One reason has been 
that the knowledge of the pests necessary 
for development of long-term manage
ment programs simply never accumulated. 
Another reason had its roots in the "non
permanency" of former colonial research 
workers - they understandably did not 
have sufficient time to obtain comprehen
sive pictures of pest ecosystems before de
veloping control measures. 

Though indigenous personnel are being 
trained in or for developing countries, 
their numbers are still far too small to ob
tain the data from diverse fields that are 
needed for development of effective man
agement programs. Moreover, this short
age of trained manpower has too often led 
to promising researchers being channelled 

into administration. Furthermore, pres
sures from governments for quick and vis
ible results has affected detrimentally the 
establishment and persistence of long
term organized research programs. Tsetse 
control having been a major victim of this 
short-sighted approach, it is thus a subject 
where a broader pest management outlook 
could be especially productive. 

Pest management needs specialists as 
well as many general practitioners. There
fore, in addition to new pest management 
curricula, conventional, specialized gradu
ate programs based on research theses 
should be continued in developing coun
tries. Whenever possible, though, the 
theses' subjects should focus on fields 
basic to the concept of pest management: 
ecology, population dynamics, toxicology, 
epidemiology, pathology, and the like. De
sirably, of course, a pest manager should 
be both a generalist and a . specialist: 
trained first as a general practitioner in the 
subject, and thereafter educated as a spe
cialist on some aspect of the subject. 

Good communications must be devel
oped, if the best use is to be made of any 
pest management training programs that 
may be established in and for developing 
countries. There are indications (e.g. IDRC 
1974) that there is room for improvement 
in existing communication systems. Ad
ministrators must be informed about the 
results and the value of the pest manage
ment approach so that they may assist stu
dents to secure training, often perhaps in 
another country; whereas, potential stu
dents must be fully informed on the exist
ence and the nature of all relevant educa
tional facilities available to them 
(wherever those facilities are located). 

Pest management is based on the man
agement of people to facilitate their ma
nipulation of pest populations to 
mankind's advantage. Suitable education 
and adequate communications are, there
fore, among the most important proce
dures for the management of pest and vec
tor problems. - B.P. Beirne and S.N. 
Okiwelu. 
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Biocontrol Prospects 
in Future Integrated 

Tsetse Control 
Programs 

Previous chapters make it plain that so far, 
the biological control of tsetse flies has 
been virtually synonymous with short
lived mass production and field release of 
Syntomosphyrum parasitoids. In this 
chapter, the term biocontrol is being used 
in its strictest sense to convey the deliber
ate use of predators, parasitoids, parasites, 
and pathogens against undesirable insects. 
Autocidal or genetic control is regarded as 
an altogether separate element for possible 
inclusion in future integrated control 
methodologies. Neither will we discuss 
such draconian measures as area-wide 
bush clearance and game destruction and 
highly selective culling practices, such as 
the elimination of bushbuck and duiker 
(good hosts for Trypanosoma rhodesiense) 
from the immediate vicinity of human set
tlements (van den Berghe and Lambrecht 
1963). Equally unconsidered is ecological 
displacement, the process whereby the 
perceptive David Livingstone (1874) noted 
that houseflies (Musca domestica) when 
freshly introduced from Europe into New 
Zealand, displaced the indigenous blue
bottle flies (Call iphorinae) - he added the 
rueful comment, " .. . but what European 
insect will follow us and extirpate the 
tsetse? . .. Here there is so much room for 
everything." 

It is simply accepted that the growing 
trend towards increasingly selective con
trol will continue. Future integrated con
trol programs, based on carefully planned 
land use projections (Vos 1975) and form
ing part of coordinated activities towards 
socioeconomic betterment, will certainly 
place a continuing demand on the special 
qualities (including persistence) of various 
chemical pesticides. These, though, will be 
employed in more and more selective 
ways, a sensible approach that will see 
their intermeshing with other types of 
measures combining effectiveness against 
Glossina with the least possible hazard to 
non target organisms. Integrated methodol
ogies will have a place for already available 
"novel" procedures such as autocidal con
trol, and yet-to-be-developed ones like 
disturbance of the normal female tsetse re
productive cycle so as to cause the larva to 
be aborted (Tobe 1974), something that 
might be managed through the use of in
sect growth regulators (Denlinge 1975). 
Limited brush control by employing selec
tive herbicides (combining habitat denial 
to tsetse with the possibility of controlled 
pasture improvements for cattle raising) 
will accompany any or all of these tech
niques; among which biological control as 
defined above is likely to be prominent. 

As is evident from the voluminous liter
ature cited, a great deal that bears directly 
and indirectly upon this topic has been 
published. Moreover, much of what has 
been written has been reviewed again and 
again. A good deal of it concerns faculta
tive predators undoubtedly contributing to 
natural population-limiting factors (see 
Predators), but scarcely likely to form the 
basis of practical biocontrol procedures. 
From Swynnerton (1936) through Buxton 
(1955) to Nash (1969) there is general 
agreement that parasi toids and perhaps 
parasites and pathogens have considerable 
potential in mankind's fight against the 
transmission of trypanosomiases to hu
mans and domestic animals by species of 
Glossina. There is less of a consensus, 
though, on precisely how such a potential 
is to be realized. 

One reason for this is that earlier at-
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tempts to compile the scattered informa
tion have been far from complete (not that 
full completion is claimed in the present 
case). Thus Austen (1903} and Jenkins 
(1964} both overlooked Livingstone's 
(1857, p. 499} record of what was probably 
a cicindelid beetle preying upon tsetse and 
other flies in southern Africa. Jenkins also 
missed Hindle's (1914} speculation as to 
the likelihood of tiger beetles (Cicindeli
dae) attacking tsetse, because of the coin
cidence of these two insects' streamside 
habitats. Austen admittedly quoted de Cas
telnau (1858, p. 986} for an intriguing piece 
of information. This concerned an indige
nous belief that tsetse give birth to winged 
miniatures of themselves, illustrated for 
the edification of a visiting European by 
South African Bushmen who opened the 
abdomen of what was represented as a 
pregnant female, out of which emerged 
three little flies ready for flight. Interest
ingly enough, Austen (1903} failed to ap
preciate that this may have constituted the 
first published record of a parasitoid of 
Glossina. 

The record is of particular significance 
in that as recently as 1955, Buxton men
tioned that we knew of no parasitoids 
from adult tsetse as distinct from puparia. 
The occurrence of such "lost" records in 
the relatively small late-nineteenth cen
tury travel literature pertaining to Africa, 
suggests that an exhaustive search of the 
voluminous biological and medical litera
ture concerning this continent over the 
past century or so might well prove even 
more rewarding. This is underlined by the 
circumstance that, after writing the last 
sentence and suddenly recollecting 
Wenyon's (1926} useful list of Invertebrate 
Hosts of Trypanosomidae (Vol. II, p. 
1404-1414} the volume was taken from the 
shelf - resulting in the turning up of a 
record that has eluded most recent review
ers, that of Lloyd (1924} for a herpetomo
nad flagellate (genus Leptomonas) from G. 
morsitans in Nigeria (presumably the rec
ord mentioned without a literature citation 
by Buxton 1955, p. 404). 

Because of the obvious adverse effects of 

parasitoids upon Glossina populations, 
and the dramatic impact upon the ob
server of the total removal of tsetse adults 
from the scene by successful predator 
strikes, these two types of biocontrol 
agents have received most attention to 
date. The information on predators is, 
however, virtually all diurnal. Buxton 
(1955} suggested that there might be im
portant nocturnal predators on tsetse, 
ranging from bark-searching bats to redu
viid bugs and other predatory Hemiptera. 
Improving technology, notably the recent 
availability of electro-optic night viewing 
devices operating on a light-amplification 
principle, opens new routes to the field in
vestigation of this question without dis
turbing either resting tsetse flies or those 
of their natural enemies active after dark. 

However, it is exceptional for insect pre
dators to be restricted to one particular 
type of prey. Thus the Pheidole ants that 
under favourable circumstances may de
stroy concentrations of tsetse puparia (p. 
29 and Ford 1940}, Paltothyreus tarsatus 
(see Carpenter 1912} and other species that 
have on occasion been observed to carry 
away larval Glossina during their very 
brief period of vulnerability at the surface 
of the larviposition site (p. 47}, and the 
asilid flies and hersiliid spiders discussed 
by Gruvel (p. 47}, are all facultative pre
dators. Indeed, as Southon (1959} showed 
for Hersilia setifrons, the coincidence of 
1400 spiders and 75 tsetse adults per hec
tare involves a weekly predation rate of 
only 17%. Moreover, each spider feeds but 
once weekly, and Glossina constitutes a 
mere 1% of the hersiliids' prey. Under 
such circumstances, and recognizing how 
little we yet know about the overall ecol
ogy of any one species of predator, it 
seems rather unlikely that ant, asilid, spi
der, and other such populations can be 
manipulated (without recourse to major 
environmental management such as wide
spread burning after several years' exclu
sion of fire, as discussed by Ford 1940} to 
bring about any material reduction of the 
numbers of Glossina. 

What is of immediate relevance to inte-
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grated control in this context, is that lack
ing detailed prior knowledge of tsetse / nat
ural enemy interrelationships, it is only 
too tempting to use chemical pesticides 
and herbicides unwisely. In this connec
tion, even certain plants may play a part, 
however small, in the natural limitation of 
tsetse populations. Thus Dawe (1922) and 
Najera (1932) referred to the entrapping of 
tsetse flies by leaves of the grass Melinis 
minutiflora Beauv. (the generic name is 
misspelt Melinus in the citation of Najera's 
paper by Jenkins 1964). Dalziel (1937) indi
cated that this indigenous tropical African 
member of the Gramineae was "probably 
carried to Brazil by the slave trade" and 
that it had entered into cultivation in 
America for fodder and pasture purposes. 
He stated that the grass has both "a strong 
odour perceptible at a distance" and a vis
cid exudate in which insects can become 
entangled. However, whi le noting that it is 
also alleged to have deterrent effects on 
mosquito breeding (unsubstantiated by 
experiments at Kumasi , Ghana) and repel
lency to reptiles and carnivorous animals, 
Dalziel expressed doubt as to the anti
tsetse qualities of M . minutiflora. 

Especially in view of the known choice 
of certain types of vegetation as resting 
sites by adult tsetse flies , and waiving for 
the present the obviously complex basis of 
such choice, there is nevertheless room for 
more specific studies of the inter
relationships between plants and tsetse, as 
the heavy-handed bush clearances of the 
past (Swynnerton 1936; van den Berghe 
and Lambrecht 1963) are replaced by in
creasingly selective integrated control ap
proaches. Notable among these is the 
highly selective use of knapsack sprayers 
to apply DDT wettable powder to individ
ual resting sites for 100-day effectiveness 
(Na'isa 1971) without posing any material 
environmental hazard (Laird 1973) other 
than, perhaps, harm to such facul tative 
predators as Hersilia spiders. 

Of course, we enter deeply into the 
realm of subjectivity as soon as we attempt 
to estimate the "seriousness" of environ
mental hazards. On the one hand, we must 

keep human values in mind. The realities 
of this horn of the dilemma could hardly 
be better put than by Kangwagye (per
sonal communication): "However, the 
present problem is that the tsetse and 
trypanosomiasis work require immediate 
results particularly when you are fighting a 
sleeping sickness epidemic or when land is 
required for immediate livestc .. ~ devel
opment." On the other hand, we are work
ing in an era of high awareness of the ease 
with which nontarget organisms can be 
harmed by heavy-handed :::~ntro l meth
ods. Even so, one of the most telling argu
ments against the gloom-and-doom school 
of environmentalist extremism relates to 
South Africa's eradication of tseste flies 
from Zululand (Toit 1947; Toit et al. 1954; 
also see p. 30) by the massive aerial appli
cation of DDT (assisted in some areas by 
the use of ground-based DDT smoke gen
erators, and by discriminative clearing). 
Today, after more than 20 years, Zululand 
has become an important cattle-producing 
area the inhabitants of which are afforded 
incomparably better opportunities than 
they enjoyed previously, in an environ
ment still boasting an incredibly rich div
ersity of wildlife. 

Dr Kangwagye's remark quoted in the 
previous paragraph was made in the con
text of one of the research needs high
lighted in the Report of the Scientific Ad
visory Group convened at the Memorial 
University of Newfoundland, St. John's, 
Canada, 25-29 March, 1974 (IDRC 1974). 
This recommendation urged the fostering 
and support of research within Africa to
ward the characterization of candidate bio
control agents "with further attention to 
their natural habitat, host preferences, be
haviour, development, distribution, and 
the construction of relevant life-tables ... " 
in the interests of the establishment of pri
orities "for trial inoculative introductions 
of candidate biological control agents from 
one region of Africa to another, and / or 
their propagation in very large amounts 
for inundative field releases." 

The need for characterization of such 
agents quite eloquently expresses one of 
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our major impediments to implementing 
biocontrol against tsetse flies at this time. 
We know a little about quite a number of 
the more obvious potential biological con
trol agents, but still have a distressingly 
limited knowledge of the bionomics of any 
one of them. This applies particularly to 
the microbial agents (Summers et al. 1975; 
Laird 1975b). Earlier chapters in this book 
make the point perfectly clear, leading to 
the inevitable conclusion that of all such 
agents yet known, the parasitoids have 
been most thoroughly investigated. 

Can we, then, at this stage, seriously 
contemplate the mass production and con
trolled field release of parasitoids as a ma
terial factor in tsetse control? It has, after 
all, been done before. In point of fact, the 
first such trial took place a little over half a 
century ago, when Lamborn bred large 
numbers of the eulophid microhymenop
teran now known as Syntomosphyrum 
albiclavus (using Sarcophaga flies as the 
laboratory host, long before Glossina was 
first colonized), and released some 277 000 
of them in a peninsula of Lake Nyasa, now 
Lake Malawi in the modern republic of 
Malawi. Briefly, as described on p. 62, the 
natural incidence of Syntomosphyrum in
fection (of G. m. morsitans puparia) , rose 
from 0.2 to 6.8%, then returned to the orig
inal level. Soon afterwards th ere was an 
inconclusive attempt along similar lines in 
northern Nigeria, and in 1931 Nash 
(1933a), working in modern Tanzania, 
bred Syntomosphyrum sp. in Chrysomyia 
puparia to such good effect that 3.5 million 
were released against G. m. centralis. 
Eventually, by early 1932, 13.75 million 
parasitoids had been liberated. Once 
again, there was only a short-lived indica
tion of positive results. One further such 
effort in the 1930s, and the post-mortems, 
are summarized on p. 61. 

Latterly, the facts that Syntomos
phyrum (30-40 per puparium) is usually 
present in less than 1% of Glossina pupa
ria, whereas the much larger mutillid 
wasps or "velvet ants" (one per puparium) 
commonly parasitize 20% of them, have 
focused attention on the latter group. This 

is th e more so in that al though from 3500 
to 4000 species of mutillids (mostly within 
the single genus Mutilla) had been recog
nized nearly 50 years ago (Mickel 1928), 
those shown to be parasitoids of tsetse still 
remain altogether unknown in the most 
populous zone of the entire range of tsetse 
flies - West Africa. Other mutillids of un
known host associations are known from 
this region, from which Mutilla senegal
ensis had been described (in 1831) several 
years before it had even been suggested 
that these hymenopterans parasi tize other 
insects (Mickel 1928), while Dolichomu
tilla guineensis var. voltensis was de
scribed from a single female from the Up
per Volta River by Bradley and Bequaert 
(1923). The latter authors also reported 
taxonomically but not biologically, upon 
known species of Odontomutilla and 
Smicromyrme from Cameroon. 

Nevertheless, from the vast West Afri
can focus of human trypanosomiasis and 
nagana disease, no mutillids have ever 
been recorded from tsetse despite the in
tensive studies of Glossina spp. that have 
been undertaken there. The best-known 
of the species from southern African 
tsetse, Mutilla glossinae, readily parasitizes 
puparia of G. morsitans and less readily, 
those of Sarcophaga sp. (Lamborn 1925). 
As only small numbers have been pro
duced in the laboratory by comparison 
with the very much smaller Syntomos
phyrum, which attacks a range of dipter
ous hosts other than tsetse, there have not 
been any fie ld trials of mutillids to date (p. 
65) . Perhaps, the rapidly increasing po
tential for mass-producing Glossina spp. 
justifies a second look at this situation? 

As with biological control of other insect 
pests and vectors, two general approaches 
present themselves. The first and most sat
isfactory (of which there are successful ex
amples from economic entomology, partic
ularly where introduced pests have been 
fought by subsequent deliberate introduc
tions of their natural enemies from the 
original habitat) involves confrontation of 
the pest population by a biocontrol agent 
that will become permanently established 
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and by its action reduce the pest popula
tion to an economically acceptable level. 
The second is to make massive releases of 
suitable natural enemies at such a time 
that they can suppress the pest population 
effectively, even if only for a compara
tively short period. The obvious disadvan
tages of the latter method are that breed
ing of large numbers of the natural enemy 
is obligatory, as are periodic releases, en
tailing recurrent expenditure. The early 
trials with Syntomosphyrum showed that 
after releases ceased, the level of parasi
tism soon fell to the "natural" level. 

Bearing in mind the vast areas occupied 
by ecologically different species of 
Glossina, and their seasonal variation in 
numbers and distribution, it is virtually 
impossible that the introduction of any 
single parasitoid species into an area will 
result in widespread successful control of 
tsetse, or even that mass-releases of a sin
gle species of parasitoid in adequate num
bers would be successful over the whole 
ecological range of Glossina spp. What 
should be aimed at is adequate biological 
control of each dangerous species of 
Glossina in the ecological situations wost 
important to man. This may well entail the 
application of both methods, using differ
ent species of parasitoids in different areas. 

The choice of Syntomosphyrum for the 
trials earlier referred to, was made solely 
because it was easily bred in large num
bers - according to Saunders (1964b) 
"any Cyclorrhaphous puparia of suitable 
size" will do. This is hardly a sound crite
rion for selecting a species for use in a bio
logical control trial. With hindsight, it was 
obviously premature to conduct such field 
experiments in the absence of far more 
basic information than was available at the 
time. It took the trials themselves to raise 
the suspicion that tsetse flies are not the 
prime natural host of Syntomosphyrum 
spp. A parasitoid should be selected be
cause of its suitability in several basic 
characteristics, notably the obvious one 
that Glossina spp. should constitute its 
preferred targets. Other such points to be 
considered are its ecological adaptability to 

the environment it will encounter, high 
searching ability enabling it to find host 
puparia that may be scattered over a wide 
area , facility to increase rapidly when 
hosts are present as well as to maintain its 
population when hosts are scarce, and ca
pacity to survive periods of adverse weath
er, etc. It may well be impossible to find a 
parasitoid with all these advantageous 
characteristics. Obviously, though, that 
species exhibiting most of them is best 
suited for any trial, and hence selection for 
laboratory colonization. Its suitability on 
any of the counts listed can only be deter
mined by extensive experiments. This in 
itself necessitates availability of numbers 
of the parasitoid, and hence some degree 
of mass production. 

Two groups certainly warranting imme
diate attention are the mutillids and bom
byliids. For this reason they were dealt 
with in some detail in a previous chapter. 
Both contain species that in different areas 
sometimes cause high degrees of parasi
tism of Glossina puparia. With particular 
respect to the mutillids, which have never 
been recorded as Glossina parasitoids in 
West Africa, there are possibilities of in
troducing various species into areas from 
which they are as yet absent. Before at
tempting such introductions, it will be 
necessary to study the biology, host
finding capabilities and preferences of 
each such species and their ecological tol
erances (and especially as regards bomby
liids, it may well be difficult to develop 
laboratory breeding techniques) . It will 
also be necessary to ensure that the labo
ratory population bred for field-release is 
well-suited to field survival and establish
ment. Perhaps, genetic heterogeneity is a 
more desirable character than homoge
neity in this respect (Beard 1964). 

To have a scientifically acceptable base
line against which the results of any such 
region-to-region introductions can be ac
curately monitored, it will also be essential 
to undertake purposeful prior surveys, for 
example mutillids in West African tsetse, 
to confirm the present belief that Glossina 
is in fact free from these parasitoids there. 

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier



182 IDRC-077e 

In this connection, it is useful to refer to 
Table 50 in Buxton (1955), which summa
rized much of the then-available informa
tion on parasitoids of tsetse. Under the 
three species of Mutilla mentioned there
in, there are no listings outside of southern 
or southeastern Africa; but there are no 
country-columns for any part of franco
phone West Africa anyway. Also, the only 
parasitoid noted from Zululand is Synto
mosphyrum glossinae; which Harris 
(1930), (cited by Buxton), had long before 
reported from South African G. pallidipes 
- along with Mutilla auxiliaris, Thyridan
thrax abruptus, and Trichopria capensis 
robustior. Furthermore, a year prior to the 
publication of Buxton's book, the system
atic puparial survey conducted in connec
tion with South Africa's post-World War 
II tsetse eradication campaign had led to: 
the confirmation of Harris' records; their 
extension to G. brevipalpis (and in the case 
of Mutilla auxiliaris, to G. austeni as well); 
the discovery of a fourth, Thyridanthrax 
brevifacies, in all three hosts; and the reali
zation that a new bombyliid parasi toid was 
"very common in the tsetse region" (Fied
ler and Kluge 1954). 

Therefore, care must be exercised in as
sembling the available information and 
even more so in purposefully searching for 
new data, before we make generalizations. 
This is especially important in a field such 
as this where our present understanding of 
the natural occurrence and incidence of 
potential biocontrol agents so largely 
reflects the distribution of, and intensity of 
the work undertaken by, a relatively small 
handful of individuals particularly inter
ested in this subject. 

None of the other Glossina parasitoids 
appear to have real promise as biocontrol 
agents on present evidence, tsetse flies 
seeming in general to be accidental hosts 
for them. However, the fact that in some 
areas, which have been subjected to inten
sive study, a whole complex of tsetse para
sitoids collectively impose a measurable 
degree of natural control over Glossina 
populations, indicates that we would do 
well to bear the implications of this in 

mind when planning any large-scale oper
ations with chemical pesticides anywhere 
in the flybelt . For example, Fiedler (in 
Nash 1969, p. 200), "during the elimina
tion of the Zululand pallidipes belt ... 
revealed that aerial applications of insecti
cide eliminated the parasites before the 
tsetse ." This lent urgency to the achieve
ment of full success in the undertaking, in 
which connection, after having produced 
evidence suggesting that parasitoids exert 
"a noticeable controlling influence on the 
larger types of tsetse flies only" (and have 
a virtually negligible effect on the smaller 
species such as G. austeni, G. 
swynnertoni, and G. p. newstead1), Fiedler 
and Kluge (1954) were able to end their 
paper with the statement that thanks to 
the success of the DDT-based operation in 
Zululand, "the density 0f tsetses and para
sites has dropped to such an extent as to 
render further biological experiments 
impossible." 

As regards the use of nonpersistent pes
ticides, in integrated control programs, 
against Glossina, Nash (1969) asked 
whether if aerial application of such com
pounds "was confined in Rhodesia to the 
cold months, when Chorley found that 
Thyridanthrax and mutillids were quies
cent, would the great hatch of the parasites 
in the ensuing hot months be capable of 
destroying any tsetse that had survived the 
spraying? We have no idea, because we do 
not even know whether these parasites can 
reach the more deeply buried tsetse 
pupae." 

Clearly, then, there is much still to be 
learned regarding tsetse / parasitoid inter
relationships, if only to open the way to 
sound pest management practices. As to 
the practical employment of mass-reared 
parasitoids against Glossina, it must be ac
cepted that the general biology and habits 
of tsetse flies as a whole do not make them 
really good candidates for "classical" bio
control by means of insect parasites and 
predators. Nevertheless, exploration of 
two relevant areas is certainly warranted: 
(1) the prospects for importing parasitoids 
from hosts other than Glossina, occurring 
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elsewhere; and (2) the feasibi lity of adding 
to the effectiveness of already-present nat
ural control agents of the larger West Afri
can tsetse flies such as the nagana
transmi tters of the G. Fusca group, and 
perhaps of the medium-sized sleeping
sickness vectors like G. morsitans and G. 
palpalis, by importing mutillids and bom
byliids (mass-reared in hosts other than 
tsetse) from other parts of Africa. 

Following earlier recommendations 
along these lines, the emphasis placed 
upon such research needs in IDRC (1974) 
led in 1975 to a 2-year grant of $42 400 on 
Biological Control Tsetse (Kenya), "For the 
Commonwealth Institute of Biological 
Control , Curepe, Trinidad, to enable the 
Institute to contribute to the eradication of 
trypanosomiasis through research into the 
biological control of the tsetse fly" (IORC 
1975). This project, is initially expected to 
concentrate upon the biologies of East Af
rican tsetse parasitoids of the genera 
Mutilla and (Thyridanthrax) Exhyalan
thrax in part (seep. 65, 66). 

With his customary acuteness, although 
writing in a period when the whole subject 
of enemies and parasites of tsetse was re
ceiving little attention, Buxton (1955, p. 
399) answered those who "would say that 
it is useless to attempt to attack Glossina 
in its own home by enemies with which 
the insect has been in equilibrium for 
millenia ." He submitted that: "This would 
be true enough if the African countryside 
was also static. But it is not: man is chang
ing it all the time, and some of his changes 
may be favo urable to certain of the ene
mies of Glossina." Buxton then, in the in
fancy of applied invertebrate pathology, 
went on to draw attention to Steinhaus' 
(1946, 1949) pioneer texts, and to empha
size the prevailing dominant role of the 
USA and Canada in this emerging disci
pline. Drawing attention to the particular 
difficulty of controlling forest insects by 
conventional means, he declared that: "At 
the present moment Canada, more than 
any other country, is disposed to under
take long-range research on infections (by 
bacteria, fungi, viruses, protozoa) in all 

types of forest insects . . .. Now tsetse-flies, 
ranging in relatively small numbers 
through great areas of woodlands, are also 
difficult to attack; they might indeed, even 
be regarded as forest insects. It might then, 
perhaps, be to our advantage to study 
them in the same way, and for the same 
reason." 

Buxton then proceeded to give exam
ples. Insofar as invertebra te pathogens and 
parasites are concerned, he emphasized 
Thomson's (1947) discovery of "Mermis" 
(one each in only three out of 1500 adult 
G. morsitans) as apparently causing 
"serious inconvenience to the fly"; Nash's 
(1933a) phycomycete fungus that, occur
ring "in as many as 20 per cent of wild flies 
at a certain season, .. . might have contri
buted to the great decrease in the numbers 
of flies which occurred after one particular 
period of very heavy rain and flood", and 
unspecified fungi responsible for "the 
death of whole boxes of flies" in the labo
ratory in modern Kinshasa, Zaire (van 
Hoof and Henrard cited in Buxton 1955); 
and "Bacterium mathisi" (p. 78), patho
genic to G. morsitans (and several other 
muscoid flies , also even Orthoptera and 
Lepidoptera, but not mosquitoes). The lat
ter organism was isolated from flies 
emerging in a Paris laboratory from pupa
ria flown from what is now Tanzania (Rou
baud and Treillard 1935, 1936). As indi
cated earlier in the book, this coccobacillus 
was easily cultured in vitro. It caused a fa
tal septicaemia in flies infected contamina
tively by contact with the skin and hair of 
guinea pigs deliberately soiled with the 
culture, which was unfortunately lost. The 
organism has not been rediscovered in re
cent years, although a number of other 
records of bacteria from Glossina have ac
cumulated. 

Since the appearance of Buxton's book, 
perhaps the most promising pathogens 
and noninsectan parasites to have been 
described from tsetse flies are the strain of 
the fungus, Absidia repens found by Vey 
(1971) in G. Fusca congolensis puparia in 
the Central African Republic (p. 80); the 
virus-like particles from the nuclei of mid-
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gut epithelial cells of G. E. Euscipes reared 
at Basel from Uganda puparia and thought 
by Jenni and Steiger (1974) to be possibly 
related to a low emergence rate and high 
mortality of young flies (p. 82); and the 
undescribed mermithids from Upper 
Voltan G. tachinoides and Nigerian G. pal
palis, G. Jongipalpis, and G. m. morsitans 
dealt with at some length earlier. 

On existing information, we are thus 
faced with a quite remarkably small choice 
of potential microbial control agents from 
Glossina, by comparison with other major 
vectors of disease. Mosquitoes and 
blackflies, for example, harbour represent
atives of all the taxa just mentioned, and a 
wide range of others too. Of course, these 
Diptera with their aquatic larvae offer a 
wider range of possibilities for infection of 
the immature stages, as indeed do dung
and mud-breeding muscoid and tabanid 
flies more closely related to Glossina. In 
particular, Musca domestica and near rela
tives commonly harbour microsporidan 
protozoa. At first sight it seems strange 
that these should not have been detected 
in tsetse; unless indeed this was the true 
identity of" Myxosporidium heibergi," de
scribed from the gut of G. palpalis by Dut
ton et al. (1907), which proved to be the 
case for a parasite of bryozoans originally 
named Myxosporidium bryozoides Korot
neff 1892, but later transferred to Nosema 
by Labbe (1899). A new genus of mer
mithid nematodes recently discovered in 
Mongolian Musca autumnalis and 
Haematobia l Lyperosia22 provides timely 
evidence that a more intensive search for 
such candidate biocontrol agents in Musci
dae might well widen the range of patho
gens, parasites, and parasitoids meriting 
trial against tsetse. 

At present, those microorganisms and 
parasites specific for mosquitoes and 
blackflies, and generally conceded a prior
ity as really promising candidate microbial 

22 Personal communication from Prof I.A. 
Rubtsov to M. Laird , Leningrad, 3 May 1976. 

control agents, include mermithid nema
todes, microsporidan protozoa, and (in the 
case of mosquitoes - one unconfirmed 
record only for blackflies) Coelomomyces 
fungi. As regards organisms of broader 
host range, strains of Bacillus sphaericus 
and the fungus Metarrhizium anisopliae 
are of much current interest as potential 
mosquito control agents too. In economic 
entomology, products based on Bacillus 
thuringiensis and its endotoxin have been 
widely marketed for years (largely for use 
against lepidopterous pests), and as men
tioned in the Preface, the United States 
Environmental Protection Agency, on 1 
December 1975, granted the first-ever la
bel bearing their registration for a "viral 
insecticide" (an NPV that kills two major 
crop pests, the cotton bollworm and the 
tobacco budworm). Moreover, Henry 
(1975) is engaged in the large-scale field
testing of a microsporidan, Nosema loc
ustae, against rangeland grasshoppers in 
Montana, and entomophthoraceous fungi 
are at an advanced stage of development 
for use against forest (Otvos 1976) and 
other insect pests. 

Returning to vectors, a product based 
upon the mosquito mermithid Romanom
ermis culicivorax (equals in part Reesimer
mis nielseni) has now been registered in 
the USA, where it went onto the market in 
June 1976 under the name "Skeeter 
Doom" (Fairfax Biological Lab., Clinton 
Corners, New York). Also, recent 
information23 indicates that during 
1974/ 75 there was a successful introduc
tion of a fungal pathogen of tabanids (until 
lately thought to be a Coelomomyces, and 
named C. milkoi, but currently being 
transferred to a new genus) into a natural 
horsefly population in Kazakhstan, USSR. 
Health and environmental safety relating 
to entomopathogenic viruses are summa
rized by WHO (1973), and Summers et al. 
(1975), whereas Ignoffo et al. (1973) fur-

23 Personal communication from Mrs Rimma 
Andreeva and Dr A.M. Dubitskii to M. Laird, 
Kiev and Alma-Ata , April / May 1976. 
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nish convincing evidence of the non
infectivity of Romanomermis culicivorax 
for a wide range of nontarget organisms -
the only insects other than mosquitoes 
that this mermithid has been shown to in
vade (so far, only in the laboratory) are 
blackfly larvae (Finney 1975; Hansen and 
Hansen 1976). No Coelomomyces fungi 
have yet been transferred to hosts other 
than the natural ones. 

Microsporidans of insects had not been 
so transferred until very recently, when 
Undeen's (1975) success in bringing about 
infections of mammalian cells in vitro by 
Nosema algerae of mosquitoes was fol
lowed up by the demonstration of transi
tory, localized infections in white mice 
(Undeen and Alger 1976). It is of course a 
far cry from establishing an insect micro
sporidan in isolated cells of mammalian ori
gin, to achieving enduring infections in the 
tissues of the living mammals. Ignoffo (p. 
52-57 in Summers et al. 1975) has made 
this point with specific regard to entomo
pathogenic baculoviruses, stressing that a 
tissue quite insusceptible to a microorgan
ism in the intact organism (furnished with 
infinitely complex defence mechanisms), 
may support that entity's multiplication 
when explanted into a culture medium. 
Nevertheless, the transitory infections de
scribed by Undeen and Alger (1976) em
phasize the profound importance of ade
quate safety studies of all candidate 
microbial control agents, prior to field tri
als. Still more recently, this same inten
sively studied microsporidan has proved to 
infect backswimmers (Notonecta undula
ta, Hemiptera) to which diseased Ano
pheles quadrimaculatus larvae were fed. It 
would, therefore, be wise to conduct espe
cially searching health and environmental 
safety tests upon any microsporidan can
didate for microbial control - not that 
any such agent has yet been isolated from 
Glossina anyway (p. 184). 

Much safety-related work has also been 
undertaken with respect to Bacillus 
sphaericus and Metarrhizium anisopliae, 
without disturbing data coming to light. 
These two organisms have the great ad-

vantage of being mass-producible by exist
ing technology. Bearing in mind one of the 
recommendations in IDRC (1974) that 
"where invertebrate pathogens already in 
use and commercially available are known 
to affect Diptera, their effects on Glossina 
should be ascertained," they - and 
certainly Bacillus thuringiensis and its 
available metabolic products - are held to 
merit laboratory evaluation against tsetse 
flies in one or more of the institutions 
where self-maintaining colonies are now 
established. There would be obvious ad
vantage in undertaking such investigations 
at African institutions, where, in the event 
of encouraging preliminary results, imme
diate projection into initial field trials 
would be feasible . Other parasites and pa
thogens from nontsetse natural hosts that 
might also be included in such evaluation 
programs, might include organisms from 
tabanids, such as "Coelomomyces'' milkoi 
(p. 184) and another entity from the USSR, 
the mermithid Eurymermis elongata 
(Rubtzov et al. 1972), also the muscoid fly 
mermithids from Mongolia mentioned on 
p. 184. 

The feasibility of mass producing bio
control agents such as those cited above 
has already been discussed. It remains to 
be considered how they might best be 
shipped (Fisher 1964; Flanders and Bay 
1964; Louw 1964 - re avoidance of man
datory disinsection) and applied in field 
trials, and eventually, practical field con
trol programs. Some of the specific ques
tions to be asked in these connections can
not possibly be answered until more is 
known about the bionomics of the agents 
in question. For example, we now under
stand the aquatic route followed by mer
mithids and their mode of entry to static
water mosquito larvae and turbulent
water blackfly larvae. How, though, do 
mermithids gain entry to Glossina?24 

If such invasion normally takes place 
into immature tsetse, the act of applying 
mermithids to Glossina larviposition sites 

24 See footnote p. 87. 
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would necessarily be as careful and selec
tive, to avoid wasting infective material, as 
is the selective chemical spraying of adult 
resting sites. That is to say, knapsack 
sprayers rather than aerial application 
equipment, and well-trained spraymen, 
would probably be essential. This might 
also be so for parasitoids, and for some mi
crobial control agents gaining entry to the 
host in the larval or puparial stage. Parasi
toids, however, might be more economi
cally employed by infecting surplus pupa
ria in tsetse mass-production centres, and 
hand-seeding these in likely larviposition 
sites rather than simply releasing the adult 
mutillids or bombyliids there. 

Recollecting the claim of Roubaud and 
Treillard (1935) to have achieved contami
native infection of G. morsitans with 
"Bacterium mathisi," it seems worth con
sidering the suitability of such an organ
ism for two very different methods of 
application: (1) via aerial application in the 
manner of chemical pesticides and for that 
matter commercial preparations of Bacillus 
thuringiensis; and (2) through the use of 
bait stations. Of course, the presumptu
ousness of making such a forecast for "B. 
mathisi" is well-recognized, as the organ
ism was lost to sight in the mid-1930s. 
(There was a recent claim that a strain had 
been rediscovered in Nigeria, but Briggs 
(personal communication 1975) ascertained 
during a visit to the institution concerned 
that this is not so.) 

As for such a bacterium or some baculo
virus lending itself to contaminative infec
tion by way of the mouthparts of adult 
tsetse, the selectivity offered by the bait
station route has a certain appeal as re
gards answering the particular nonchemi
cal need posed earlier; that is, for the con
trol of Glossina in areas of human and 
domestic stock high population density, 
where the sterile male procedure is unat
tractive because these males do not have 
their own vectorial capacity impaired . The 
use of pheromones and other attractants in 
association with traps has already been ad
vocated as a means of control in its own 
right (Vale and Hargrove 1975). Especially 
now that the latter investigators' intriguing 

results in augmenting female G. pallidipes 
catches four-fold by increasing the dosage 
of attractant ox-odour have moved the 
technique a little closer to practicality, and 
in view of recent advances with respect to 
pheromones of Glossina (Langley and 
Pimley 1976; Nash et al. 1976), the pro
spect of not destroying the tsetse coming 
to the traps but rather of letting them re
turn into the "wild" population to spread 
contaminative infections still further, has 
definite appeal. Also, Pinhao and Gracio 
(1975) have claimed that Glossina com
monly mates more than once under natu
ral conditions, and indeed, that multiple 
mating is possibly the rule among at least 
young females. This, if confirmed, clearly 
reduces the feasibility of successful use of 
male sterility in tsetse control programs. 
On the other hand, it heightens the 
chances of spreading contaminative infec
tions among "wild" flies, for example by 
means of insects that mate again after vis
iting an attractant-baited "trap" from 
which escape is assured via an exit channel 
where general body-surface contamination 
with the microbial agent is certain. As a 
theoretical model for such a trap, the elab
orate pollination mechanisms of some in
sect-attracting orchids come immediately 
to mind. 

In conclusion, it is evident that a meas
ure of practical tsetse control by means of 
parasitoids is more likely in the foreseea
ble future than is such exploitation of 
nematode parasites and microbial patho
gens. Nevertheless, the rapid move to
wards meaningful utilization of the two 
latter groups against other vectors, and the 
equally rapid advances in our knowledge 
of "ultimately relevant" aspects of tsetse 
biology, ecology, and control, offer some 
hope of an eventually valuable ingredient 
in integrated control programs. It is 
submitted that this fully justifies an imme
diate intensification of studies of (and 
training concerning!) this topic in nature 
and in the laboratory, directed towards the 
earliest possible field trials, so conducted 
as to assure accurate monitoring of their 
results. - M. Laird and F.J. Simmonds. 
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Index 

aardvark see: Orycteropus afer 
Abrothropria lloydi 59 
Absidia repens 80, 153 , 154, 183 
Acacia spirocarpa 100; A . usumbarensis 68 
Acarina 71, also see: Afrocalvio/ia glossinarum, 

A. tsetse, Bonomoia spp., Erythraeoidea 
sp., Histiostoma spp., hydracarians, Lep
tus benzaliensis, L. carpenteri, L. glossi na
rum, L. maringensis, trombidiformes, 
Trombidium sp. 

Aepyceros melampus 105 
Aeromonas sp. 136, 146, 154 
Afrocalviolia glossinarum 71; A. tsetse 71 
Agamomermis 83 
Alcaligenes sp. 146 
Alcelaphus spp. 105 
Aleochara taeniata 72, 73, 151 
anal plate 15, 16 
Anastatus sp. 70; A. viridiceps 59, 70 
Angola 19, 20, 21, 99, 100 
antbear see: Orycteropus afer 
antibiotics , aposymbiotic control of tsetse by 

82, loss of tsetse symbiotes due to 77, 78, 
97, in treatment of bacteria l infections of 
tsetse 77 

ants 54, 94, also see: Euponera senaarensis , 
Paltothyreus tarsatus, Pheidole spp., Formi
cidae 

Arabia , possibility of tsetse in 13, 99 
arboviruses 7 
arrhenotoky 64 
Asilidae, as predators 47, 48, 54, also see: 

Dysmachus prescipennis 
Attidae, as predators 48, 52 
Austenina see: Glossina fusca group 
Australasia 7 

NOTE: Page numbers in italics indicate a reference 
to an illustration. 

baboons see: Papio spp. 
Bacillus sp. 79, 146; B. sphaericus 79, 184, 185; 

B. thuringiens is 88, 90, 185, 186; 8. t. 
thuringiensis, failure to infect adult tse tse 
88, 90, 184 

bacteria , symbiotic 76, 77, 78 
bacterial contamination 77, 78, also see 

Glossina, membrane-feeding 
bacterial pathogens, infection of tsetse 78, 

79, 183, identification and characteriza
tion 164 

bacteriolysins 77 
Bacterium sp. 146; B. mathisi 78, 79, 183, 186; 

B. prodigiosus see: Serratia marcescens 
bacteroids in tsetse midgut 96, destruction of 

by antibiotics 97; in tsetse ovaries 78, 82; 
possible effects of on trypanosomes 77; 
transmission 97 

baculoviruses 9 
bait animals 121 
bats, as predators 45 
8eauveria bassiana 88, 89, 89, 90 
Belgium, tsetse colonies 126 
Benin, The Peoples' Republic of 19, 81, 100 
8erlinia globifera 68 
Bethylidae see: Prolae/ius glossinae 
birds, mortalities due to pesticides 28 
birds, as predators 46, also see: Guinea fowl, 

franco lins, Dicrurus sp., 8radornis spp . 
blackflies, biocontrol of 8 
Bombex 47 
Bombyliidae 9, 57, 66, 150, also see: 

Petrorossia spp. , Thyridanthrax spp., Ex
hyalanthrax spp . 

Bonomoia spp. 71 
Borrelia glossinae 79 
Botswana 59, 106, 111 
Bovidae 104, 105, also see: Synercus caffer , 

Zebu 
8rachymeria amenocles 59, 70; B. varipes see: 

8rachymeria amenocles 
8rachys teg ia savannah 27, 99; 8rachystegia

Julbernardia woodland 24; 8. microphylla 
woodland 62 

Braconidae 69, also see: Coe/alysia glossino-
plrnga 

8radornis sp., as predator 46 
buffalo see: Synercus caffer 
bushbuck see: Tragelaphus scriptus 
bush pig see: Potamochoerus porcus 

Cacerga tes sp. , as predator 46 
Cactoblastis 7 
California 7, 72 
calves, as feeder animals 133, 134 
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Cameroon 19, 20, 30, 51, 59, 99, 101, 180 
Canada, forest insect control 183 
Candida sp. 79 
Carabidae see: Coleoptera 
central Africa 18, 99, 100, 101 
Central African Republic 30, 80, 126, 131, 183 
Cephalophus sp. 177 
Ceraphronidae see: Conostigmus rodhaini 59 
Ceratitis sp. 151; C. capita ta, biological control 

by Dirhinus giffardii (q.v.) 70 
Chad 19, 28, 37, 40, 48, 51, 59, 60, 61, 67, 68, 

79, 102, 106, 126, 127, 130, also see: Chari 
River 

Chalcididae 59, 70, also see: Brachymeria 
amenocles, Dirhinus spp., Haltich ella edax, 
Stomatoceras spp. 

Chari River 28, 37, 47, 49, 51, 52, 53, 54 
chickens, as feeder animals 83 
Chrestomutilla 63, also see: Mutilla glossinae, 

M . auxiliaris 
Chromobacterium sp. 146 
Chrysomyia sp., puparia for in vivo produc-

tion of Syntomosphyrum sp. 62, 151, 180 
Cicindelidae see: Coleoptera 178 
Citrobacter sp . 146 
coccinellid beetles 7 
cockroaches, preying on tsetse 125 
Coelalysia glossinophaga 59, 71 
Coe/omomyces spp. 161, 162, 184, 185; "Coe/o

momyces" milkoi, fungal pathogen 184, 
185 

Coleoptera , as enemies of tsetse 46, 72 , 178, 
also see: Aleochara taeniata, Staphylini
dae, tiger-beetles , Carabidae, Elateridae, 
Melyris pallidiventris 

Coloph ospermum sp . 25 
Colorada, fossil Glossina spp. 21 
Congo 126, 131 
Congo basin 99, 100, 101 
Conopidae see: Stylogaster 
Conostigmus rodhaini 59, 71 
corridors, ecological 102 
Corynebacterium sp. 146 
cotton bollworm 9 
Crateva sp. 68 
crickets see: Orthoptera 
crocodiles 81, 105 
crop, function of 97 
Cryptococcus tornlopsis 79 
cylorrhaphens puparia, alternative hosts for 

Syntomosphyrum 181 

Dacus sp. 151, 152 
Dahomey see: Benin, The Peoples' Republic 

of 

defoliants, in integrated control 41 
DDT 26, 28 , 29, 30, 36, 37, 41 , 54, 123, 179, 

also see: Glossina control; chemical 
Dermaptera, preying on tsetse 125 
density-dependance, tsetse incidence and 

predation 29 
Dibrachys cavus 73 
Dicrurus sp., as predator 46 
dieldrin 26, 28, 29, 30, 36, 38, 40, 41, 42, 42 
Dirhinus spp. 59, 72; D. inflexus 59, 70; D. 

giffardii 59, 70 
Do/ichomutilla guineensis var. voltensis 180 
dorsal plate 15, 16 
drago nfli es see: Odonata, Cacergates sp. , 

Orthetrum chrysostigma, 0. brachiale 
drongos see: Dicrurus sp . 
Drosophila sp. 151, 152 
drought, Sahel 32, 35 
duiker 177, also see: Sylvicapra sp., Cepha/o

phus sp. 
Dysmachus prescipennis 54 

earwigs see: Dermaptera 
east Africa 9, 18, 20, 38, 39, 41, 46, 48, 67, 71, 

73, 91, 99, 100 
Elateridae see: Coleoptera 
elephant see: Loxodon ta africana 
endosulfan 29, 38, 40, 41 
Enterobacter sp. 146 
Enterococcus sp . 146 
entomopathogenic viruses, registration 9 
entomopathogens, environmental safety 

168, human safety 165 
Entomoph thora , spp. 154, 184 
environmental impact of biocontrol 160 
environmental safety see: Glossina control; 

insecticides 
Equus burch el/i 105; E. grevyi 105 
Erythraeoidea sp. 72 
Ethiopia 20, 59, 99, 101 
Eulophidae 59, also see: Syntomosphyrum 

spp. 
Eupelmella tarsata 59, 70 
Eupelmidae 59, 70, also see: Eupelmel/a 

tarsata, Anastatus viridiceps 
Euponera senaarensis , as predator 47 
Eurymermis elongata 185 
Exhyalanthrax 66 

FAO, naga na control 35 
fenthion 40 
filariasis 7 
Flavobacterium sp. 136, 146 
flycatchers see: Bradornis spp. 
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fogging devices see: Glossina control 
Formicidae, mortalities due to pesticides 28, 

preying on tsetse 121, 125 
France, tsetse colonies 126 
francolins, possible predators 46 
fun gi in tsetse 79, 87, also see: Candida sp. , 

Cryptococcus sp., Absidia repens, Metarrh i
zium anisopliae, Torulopsis sp ., Rhodoto
rula sp ., Penicillium /i/acinum 

Gabon 99, 101 
gallery fores t 41 , 42, 47, 50, 55, 102, 107, 113, 

120, 123 
Gambia 48 
Gambusia 7 
game destruction for tsetse control 23, 25, 

177 
Gasterophilidae 13, 22 
Gasterophiloidae 13 
Gasterophilus 13, 22 
Ghana 19, 59, 67, 70, 71, 79, 81, 107, 116, 117, 

119, 123, 179 
giant forest hog see: Hylochoerus meinertzha-

geni 
Gira/fa spp. 104 
giraffe see: Gira/fa spp. 
Glossina 

activity cycles 101, 102 
adults, bacterial contaminants 96, para

sites, portals of entry 98, physio logy 
95, vulnerabil ity to parasites 95, vulner
ability to pathoge ns 95 

antenna 13, 14 , 20 
arista 13, 14 
attractants 107, 111, 116, 117, 118, 119, 120, 

122, 123, 186 
baits 105, 111, 118, 197 
blood-feeding via membra nes, infection by 

pathogens 96 
blood-meal iden tifica tion 104 
candidate biocon trol agents, bacterial 78 .. 

also see: Absidia repens, Bacillus sp., B. 
sphaericus, Bacterium math isi, Borrelia 
glossinae, Penicilliu m li/acinum , Serratia 
marcescens; fungal see: Absidia repens, 
Entomophthora spp., Metarrh izium aniso
pliae; fungi; parasites , mermith id nema
todes 82, 154; protozoa! 184; parasitoids 
151; pa thogens in vitro mass production 
154, 155; small choice of 184 

claspers 15, 21 
colour preferences 114, 115 
control, antocidal 8, 9, 23, 25, 32, 33, 36, 

38, 43, 131, 140, 177; barrier zones 32, 36; 
biological (biocontrol) 32, 38, 43 , 45, 61, 

G/ossina (continued) 
87, 98, 171, 177, 183, 187; biological, 
advantages 32, 33, 43; application proce
dures 185, 186; economic entomology 7; 
fie ld trials 36, 61, 62, 63; mass produc
tion of agents in vitro 154, 183; mass 
production of agents in vivo 149, 183; 
hea lth hazards 157, 165, 184, 185; 
e nviro n mental aspects 157, 168; suit
ability for Africa n enterprise 33, 179; 
training needs 171; ch emical 7, 8, 23, 25, 
26, 27, 27, 28, 29, 30, 35, 37, 38, 39, 39, 
40, 41, 42, 171; insecticides; adverse 
effects on non targe t orga nisms 27, 28, 
29, 37, 38, 40, 41 , 42, 43, 54, 69, 70, 179; 
aeria l application 31, 36, 37, 38, 39, 40, 
41, 42, 54, 70; aerial application, drift 39, 
41; aerial application, monitoring 122, 
123; application by fi xed- wing aircraft 
30, 36, 39, 42; application by fogging 
devices39, 40, 40; application by ground 
equ ipment 27, 27, 28, 29, 30, 36, 37, 54, 
179; application by helicopter 29, 40; 
applica tion in ul tra- low volume (ULV) 
38, 39, 41 , 43; disadvantages 32, 33; 
discriminative clearing 24 , 25, 26, 27, 30, 
32, 36, 177; environmental 7, 18, 23, 24, 
25, 57, 117; game des truction 23, 26, 30, 
36, 77; genetic see: contro l, autocidal; 
herbicidal 177; hi story 23; insecticidal 
see: Glossina control, chemical; integra
ted 8, 31, 32, 41, 43, 55, 57, 157, training 
needs 171; mechanical 8, 123; microbial 
87, also see: G/ossina co ntrol, biologica l; 
Glossina, pathogens; pa th ogens; reinva
sion problems 36 

dispersa l 102, 103; tra pping in study of 122 
distribution 13, 99 
eradica ti on 29, 30, 35, 36, 38, 39, 41, 43, 54, 

55, 70, 123, 179, 182 
exti nct species 18, 21 
"fly-rounds" 105, 106, 107, 120 
geni tal armature 15, 16, 17, 19, 20, 21 
harpes 15, 21 
hatchet ce ll 13, 14 
laboratory colonies, basic conditions 132; 

con taminants, bacterial 125, 143, 145, 
146, remedial action 146, 147, 148; 
clea ning materials 133; clothing of atte n
dants and visitors 133; fun gi 79, 125, 183; 
insecticides 125, 127, 130, 131, 133; 
medicamen ts via feeder animals 133; 
pa ints, varnishes, glues 133; tobacco 
smoke 133; feeding, in vitro see: Gloss ina, 
membrane-feeding; maintenance 136; 
mati ng procedures in 137; membrane-
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Glossina (continued) 
feeding techniques see: Glossina, 
membrane-feeding; mortalities 142; 
need for at leas t equiva lent p roductivi ty 
to present European levels, in Africa 
125, 140; productivity of, Europe 138, 
139, 140; screening of 133 

laboratory colonization, Austria 126, 131, 
132, 135, 136, 137, 138, 141; Belgium 126, 
131, 135, 136, 137, 138; Canada 132; 
Central African Republic 128; Chad 127; 
France 126, 130, 131, 134, 135, 136, 137, 
138, 139; Kenya 128; The Netherlands 
132; igeria 125, 127, 128; Portugal 126, 
129 , 129, 130, 142, 143; Rhodesia 127; 
Switzerland 128; Tanzania 125, 127, 128; 
Uganda 128; United Kingdom 126, 130, 
133, 134, 135, 136, 137, 138, 139, 140, 142, 
143; Upper Volta 128; Zaire 125; Zambia 
128 

larval physiology 93 
larviposition sites of as sites for infection 

by pathogens and parasites 92, 94, 95 
mammalian hos ts 104 
marking techniques 103; rendering more 

vulnerable to predation 53 
mass rearing, pathogen problems 125; 

predator problems 125; using animals for 
feeding 125 

membrane-feeding 131, 132, 133, 135, 136, 
141, 144; contaminating bacteria 77, 79, 
136 

mouth parts 13 
mycetomes, associated microorganisms 76 
observation techniques see: observation 
parasites 82; desirability of experimenting 

with organisms from related hosts and 
other regions 89, 184, 185 

parasitoids 57; 183; desirability of experi
menting with organisms from related 
hosts and other regions 57, 58, 72, 73, 74; 
earliest record? 178; hyperparasitism 
among 61, 69 

pathogens 75; desirability of experiment
ing wi th organisms from related hosts 
88, 184, 185; mass production in vivo 81; 
safety of 159 

perching places 24, 30, 41 , 42, 103 
phylogeny 21, 93 
population, sampling 105, size 105, 107 
predators 29, 43, 45; birds 29; choices 

exercised by 55; exclusion from traps 
111; mortalities due to pesticides 28, 29; 
spiders see: spiders, Nephi/ia , Hersi/ia 
setifrons, hersiliid spiders 

puparia , parasitoids 57; portals of entry for 

Glossina (continued) 
pathogens and parasites 87, 89, 90, 91 , 
94, 95; predators 45; wa ter-proofing 21 

puparia l hardening and darkening 94, 95; 
physiology 93 

pupariation 94 
resting sites 103, also see: Glossina , 

perching places 
surveys 106 
sys tematics 13 
transportation, passive 103 
trapping 24, 25, 36, 105, 107, 109, 121, also 

see: traps , advantages over " fly-rounds" 
122; methodology 120 

vulnerability to parasi tism 89, 90, 91, 92, 
93, 94, 98; to predation 50, 51, 52, 53, 93, 
94, 95, 98 

wing vena tion 13, 14 
wings 13, 14 , 21 

Glossina austeni 15, 18, 19, 20, 21, 59, 61, 67, 
70, 78, 100, 104, 119, 182; laboratory 
colonization 126, 127, 128, 130, 131, 132, 
133, 134, 135, 136, 137, 138, 139, 140, 142, 
143, 145; puparia , parasitoids 64; pupa
ria, predators 45, 46 

Glossina brevipalpis 15, 18, 19, 30, 59, 76, 80, 
82, 83, 99, 102, 104, 107, 121; puparia, 
parasitoids 71 

Glossina cahgenea 19, 101 
Glossina fu sca 18, 19, 30, 81, 99, 102, 107; 

labora tory colonization 128 
Glossina fusca group(= subgenus Austenina) 

15, 16, 17, 18, 1~ 21, 2~ 5~ 99, 128, 183 
Glossina fu sca c9ngolensis 15, 19, 80, 183; 

labora tory coloniza tion 128 
Glossina fusca fu sca 19 
Glossina fu scipes 18, 19, 82, 83; (formerly 

identified as G. palpalis), biological 
control fi eld trials against 63, 100, 107 

Glossina fus cipes fu scipes 15, 19, 20, 58, 61, 82, 
100, 101, 102, 103, 119, 122; laboratory 
colonization 126, 131, 138, 139, 184; 
virus-like particles from 184 

Glossina fus cipes martinii 19, 20, 100 
Glossina fu scipes quanzensis 19, 20, 71, 100, 

125, 131; laboratory colonization 126, 
137, 138 

G/ossina fu scipleuris 18, 19, 30, 99, 104; 
puparia, parasitoids 71 

Gloss ina haningtoni 18, 19, 99 
Glossina longipalpis 15, 19, 20, 83, 84, 85, 100, 

102, 119; parasitic mermithids from 83, 
184 

Glossina longipennis 18, 19, 21, 59, 99, 102, 104 
Glossina medicorum 19, 30, 99, 107, 109, 119, 

121; laboratory colonization 128 
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Glossina morsitans 19, 20, 24, 25, 26, 27, 31, 32, 
53, 67, 68, 70, 71 , 77, 79, 80, 81, 82, 83, 
84, 86, 93, 94, 102, 104, 105, 107, 109, 
111, 114, 121, 142, 178, 183; adults, 
pathogens 146; adults, parasites 83; 
adults, predators 46, 47; laboratory 
colonization 127, 128, 131, 133, 134, 136, 
139, 140, 141, 142, 143, 145; larvae, 
predators 47; membrane-feeding, and 
contamina ting bacteria 77; puparia, inva
sion by mermithids 87; puparia, para
sitoids 64, 70, 180; puparia , predators 
45, 69; puparial hardening and darken
ing 94, 95 

Glossina morsitans group (= subgenus Glos
sina) 15, 16, 17, 18, 19, 20, 21, 25, 29, 30, 
59, 99, 128, 138 

Glossina morsitans cen tralis 15, 19, 20, 21, 25, 
61 , 83; biological control field trials 61, 
62, 63; laboratory colonization 126, 130 

Glossina morsi tans morsi tans 15, 18, 20, 21, 25, 
2~ 61 , 65, 68, 78, 82, 83, 88,89, 90, 91, 
99, 102, 103, 105, 119, 120, also see: G. m . 
centralis (in part); adult, pathogens, 
experimental 88, 89, 89, 90, 90, 91 , 91; 
adults , parasites , experimental 88, 89, 
90, 91 , 91; colonized males fully competi
tive with wild ones 103; laboratory 
colonization 88, 126, 127, 128, 129, 130, 
131, 132, 135, 138, 139; parasites, 
mermithids 83, 184; puparia , pathogens, 
experimental 88, 89, 90, 90 , 91 

Glossina morsitans orientalis 20, 99, 102, 127, 
also see: G. m. morsitans 

Glossina morsitans submorsitans 15, 19, 20, 26, 
27, 61 , 62, 65, 66, 70, 71, 83, 102, 103, 
105, 119, 121; laboratory colonization 
126, 127, 128, 129, 130; form ugandensis 
19, 20 

Glossina nashi 18, 19, 99 
Glossina nigrofusca 19, 81, 99, 119 
Glossina nigrofusca nigrofusca 19 
Glossina nigrofusca hopkinsi 19 
Glossina oligocena (extinct) 21 
Glossina osbomi (extinct) 21 
Gloss ina pallicera 19, 20, 81, 121 
Glossina pallicera newsteadi 19, 20, 101, 182 
Glossina pallicera pallicera 19, 20, 101 
Glossina pallidipes 15, 19, 20, 25, 26, 30, 59, 61, 

71, 78, 79, 82, 83, 97, 100, 102, 104, 107, 
111, 116, 118, 119, 120, 121, 122, 127; 
adults, predators 48; laboratory coloniza
tion 128; puparia, parasitoids 64, 69 

Glossina palpalis 19, 59, 76, 77, 78, 79, 81, 82, 
83, 84, 85, 86, 100, 103, 104, 107, 114, 
116, 119, 120, 125, 183, 184, also see: G. f. 

fuscipes (in part); adults, parasitic mermi
thids from 83, 184; adults, parasites 
transmitted by 80, 81; adults, predators 
46, 47, 48; labora tory colonization 128, 
143, 145; larvae, predators 47; puparia, 
parasitoids 61; puparia, preda tors 46 

Glossina palpalis group ( = subgenus Ne
morhina) 15, 16, 17, 18, 19, 21, 25, 29, 32, 
59, 100, 101, 105, 107, 128, 138 

Glossina palpalis gambiensis 19, 25, 100, 101, 
102, 104, 107, 116, 120, .121; laboratory 
coloniza tion 126, 128, 131, 138; puparia, 
preda tors 46 

Glossina palpalis palpalis 15, 18, 19, 25, 26, 100, 
102; laboratory colonization 126, 131, 
137, 138 

Glossina schwetzi 18, 19, 99 
Glossina severini 19, 99 
Glossina swynnertoni 15, 19, 20, 21, 25, 26, 51, 

59, 100, 100 , 101, 103, 104, 107, 114, 125, 
182; adults, predators 49; puparia, preda
tors 47 

Glossina tabaniformis 18, 19, 99, 107; labora
tory colonization 128 

Glossina tachinoides 13, 15, 18, 19, 26, 27, 28 , 
46, 52, 54, 59, 62, 66, 67, 68, 70, 76, 79, 
80, 81, 83, 101, 102, 103, 104, 105, 106 , 
116, 117, 120, 121, 122; adults, parasitic 
mermithids from 83, 184; adults, para
sitoids 53, 61; adults, predators 46, 
47, 52, 53; laboratory colonization 126, 
127, 130, 138, 139, 145 

Glossina vanhoofi 18, 19, 99 
Glossinidae 13, 22 
Glossininae 13 
goats, as feeder animals 83, 132, 133, 134, 

138, 139, 140, 141, 143 
granulosis viruses 9 
grazing lands, African, threatened by nagana 

35 
greater kudu see: Tragelaphus strepsiceros 
Guinea 100 
guinea fowl, possible predators 46 
guinea pigs, as feeder animals 127, 128, 129, 

132, 134, 135, 138, 141, 183 
Guinean Savannah woodlands 99 
Gulf of Guinea 99, 101 

Ha ematobia sp. 184 
Haemogregarina pettiti see: Hepatozoi;m pettiti 
Haffnia sp . 146 
Haltichel/a edax 59, 70 
ha rtebeest see: A/celaphus spp. 
Hawaii 70, 72 
HCH 36, 41, 54 
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helicopter see: Gloss ina control; chemical, 
helicopter applica tion 

Heliothis nucleopolyhedrosis virus 9 
Hepatozoon petti ti 80, 81 
herbicides 177, 179 
Hersilia setifrons, as predator 49 
hersiliid spiders as predators 48, 48, 49, 54, 

179 
Heterorhabditis bacteriophora, fa ilure to infect 

tse tse puparia 88, 89 
hippopotomus see: Hippopotamu s amphibius 
Hippopotamus amphibius 104, 105 
Hirsutella sp., failure to infect tsetse 88, 89 
Histiostoma spp. 71 
houseflies see: Musca sp. 
hybrid sterili ty 21 
hydracaria ns 72 
Hylochoerus meinertzhagen i 104 
Hymenoptera, as predators 47, 53, 54, also 

see: Muscidifurax raptor, ants, Euponera 
senaarensis, Paltothyreus tarsatus, Pheidole 
spp.; not attacking tsetse see: Bombex, 
Sphex, Synagris; as parasitoids of tsetse 
57, also see: Spalangia 

Hyparrhenia spp. 25 
hyperparasitism 60, 61, 69, 71 

impala see: Aepyceros melampus 
insect growth regulators, synthetic 8 
insect, microorganism associa tions 75, 76 
insecticides, evaluation 38; search for 38; 

settling in forest canopy 41 , 42 
integrated control see: Glossina control; 

integra ted 
invertebrate pathology 8 
Isoberlinia. spp. 27; I. doka sava nnah 100 
Isoptera see: Macrotermes spp. 
Ivory Coast 116, 117 

Kalahari 13, 99 
Kalamaloue Reserve 28, 37 
Kenya 20, 26, 41, 42, 59, 60, 68, 70, 71, 72, 

100, 112, 118 
Kikori, site of Syntomosphyrum field trial 

against tsetse 57, 62, 63 
Kruger National Park 26 

Lake Chad 27 
Lake Malawi 30, 180 
Lake Tanganyika 20, 100, 101 
Lake Victoria 20, 48, 58, 61, 63, 100 
larvivorous fish 7, 9 

Lebistes 7 
Leptomonas sp. 178 
Leptus benzaliensis 72; L. carpe11teri 72; L. 

gloss inarum 72; L. 111ari11gensis 72 
Liberia 60, 81, 83, 99, 116 
Limpopo River 26 
lizards , as probable preda tors 46; monitor 

see: Vara11us spp.; mortalities due to 
pesticides 28 

Loxodo11ta africa11a 105 
Lucilia sp. 152; L. srrica ta , puparia for i11 vivo 

production of Sy11to111osphyr11111 sp. 151 
Lyperosia sp., mermithid parasi ti sm 184 

Malagasay subregion, absence of tsetse 99 
malar ia 7, 169 
Malawi 30, 57, 59, 60, 61, 63, 65, 70, 71, 180 
Mali 32, 41 
malpighian tubules 97 
man, as predator 54, 55 
Man tidae, possible adult predators 52 
mass-cultiva tion, parasitoids, i11 vivo 72, also 

see: individual parasitoids 
Ma uritius 72 
medio-dorsa l plate 16 
Melinis minutif/ora 179 
Mermis-Hexamennis type mermithids in Nige

rian tsetse 86 
Mermithidae 82 
mermithids, biocontrol poten tialities 82, 154, 

183; in vitro production 9; i11 vivo 
production 9, 156; tsetse hos ts 82, 83, 84, 
85, 86, 183 

Metarrhizium anisopliae 185; experimental 
infection of adult and puparial tsetse 88, 
89, 90 

Micrococcus sp. 136, 146 
Microsporida, lack of positive records from 

tsetse 80, 81, 82 
milk glands, function 94, 96; microorga nisms 

of 78 
Mimosa sp . 101 
mites see: Acarina 
Mitragyna sp. 68; M. inermis 49 
Mjwaka Ranch project, Tanzania 31, 32 
mongoose, possible predator 45, 46 
monkey, vervet, mortality due to pesticides 

28 
Morelia sp. 68; M. senegalensis 49, 68 
mosquitoes, biocontrol 8, 9; re screening of 

Bacterium mat/Jisi for pathogenicity 79 
Mozambique 20, 26, 30, 59, 60, 61 , 67, 70, 99, 

126, 130 
Musca sp. 151; M. autumnalis, mermithid 

parasiti sm of USSR 184; M. domestica 
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177, 184, pu paria for in vivo production 
of Sy11to 111osph yru111 sp. 151 

muscid flies, parasitoids 72, 73 
M11scidif11mx mptor 72, 73, 151 
muscoid flies 7, 13, 60, 69, 72, 73, 79, 151, 

177, 181 
Mu Iii/a spp. 9, 60, 63, 65, 71, 180, 182; of 

tsetse, limitat ion to southern Africa 63, 
150, 181, 182! hyperparasi tism 61; pend
ing field tria ls against tse tse 65, 183; M. 
a11xiliaris 59, 63; M. be11efactrix 59, 63; M. 
glossinae 57, 62, 63, 64, 65, 180, hyper
parasitism by A11astatus viridiceps 70, lab
oratory production 150; M. se11egale11s is 
180 

Mutillidae 9, 63 
M yxosporidi u 111 bryozoides 184; M. heiberg i, a 

microsporidan of tsetse? 184 

nagana 7, 24, 29, 30, 35, 43, 180, 183; contro l, 
food productivity enhancement 30, 31 

Namibia see: Sou th West Africa 
Nason ia vi tripennis (N . brevicornis) 71 
Nematoda see: Mermithidae, mermithids 
Ne111orhina 101, 105, also see: Glossina pa/pa/is 

group 
Neoap lectana carpocapsae, experimental infec

tion of adu lt and puparia l tsetse with 88, 
89, 90, 91, 91 

Nephi/ia spp., adult tsetse cap tured in webs 
48, 54 

New Zealand 72 
Niger 41 
Nigeria 25, 26, 27, 28, 30, 32, 36, 41 , 47, 59, 

60, 61, 62, 66, 67, 70, 71, 72, 80, 80, 81, 
83, 84, 85, 86, 100, 101, 102, 125, 126, 
127, 130, 178, 184; North Guinea Sava n
nah 25, 26, 83, 84; Sou th Guinea 
Savannah83,84;Sudanzone27, 100 

Nile basin 100 
Nomurea rileyi, fa ilure to infec t tsetse 88, 89 
nontarget orga nisms see: Glossina control, 

chemical and biological 
Nosema algerae, health and environmental 

safety aspec ts 185; N. locustae 184 
Noton ecta undulata 185 
nuclear polyhedrosis viruses 9 

observation, equipment, noctu rnal, Night 
Vision Devices 52, 103, 178; marking 
techniques 103, 104 

Odonata, as predators 46, 53, 54 
Odontomutilla 180 
onchocerciasis 7, 169, 174 

Orthetru111 bmchia/e, as predator 46; 0. 
ch rysos tig111 11 , as predato r 46 

Orthoptera, as possible predators 46 
Orycteropus afer 25, 105 
ostrich see: Struthio came/us 
oxen, as ba it 30, 114, 116, 117, 118, 119, 121 
Oxybelus /a111el/atu s, as preda tor 53 

Pach ycrepoideus vindemiae 73, 151 
Paltothyreus tarsatus, as preda tors 47, 178 
Papio spp ., capturing of tse tse 45 
parasites, definition of 75; potential fo r tsetse 

contro l 177 
parasitoids 7, 9, 29, 43, 57, 158; definition of 

29, h yperparasitism a mong 60, 70, 71; 
mass production, in vivo 57, 61, 62, 149; 
poten tia l for tsetse control 177; non
Africa n, suited for tria l against tsetse 151 

parthenogenesis see: arrhenotoky 
pathogen, defini tion of 75; potentia l for 

tsetse co ntrol 177; of tsetse, see un der 
the va rious G/ossina spp.; mass produc
tion in vivo 81, 152 

Penacillium li/acinum 80 
Perilampidae 59, also see: Perila mpus ruficor-

nis 
Perilampus ruficorn is (P. violaceus) 59, 71 
peritrophic membrane, function 97, 98 
Perutilimermis culicis 87 
pest management 8, 31, 157, 171, 172, 176, 

182, also see: G/ossina control, integrated 
resource development 

pesticides, environmental persistence 8, cost 
escala tion 8, resista nee 7 

Petrodrimys tetradactylus, as possible preda tor 
45, 46 

Petroross ia spp . 59, 70; P. angustibasalis 59, 70; 
P. hesperus 70; P. hesperus tropicalis 59 

Phacochoerus aethiopicus 25, 104, 105 
Pheidole spp., as predators 29, 47, 178 
pheromones 43, 123, 186, also see: Glossina 

attractants; Glossina trapping; traps 
phoresy of mites on tsetse 72 
pig skin extract see: Glossina attractants 
pigs, domes tic 105; as feeder animals 133, 134 
plants as tse tse biocontrol agents 179 · 
Plexippus paykulli, as preda tor 48 
polypneus tic lobes of tse tse puparia, as rou te 

of invasion by parasites 87, 90, 95, 98 
Portugal, tse tse colonies 126 
Potamochoerus porcus 104, 119 
predators of tsetse, see various Glossina spp. 
prickly-pear 7 
Principe Island 123 
Prolaelius glossinae 59, 71 
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Proteus sp. 146 
protozoa! pathogens, identification and char-

acterization 164 
Providence sp. 146 
Pseudomonas sp . 136, 146, 154, 165 
Pteromalidae 71 , 73, also see: Dibrachys cavus, 

Muscidifurax raptor, Nason ia vitripennis, 
Pachycrepoideus vindemiae, Stenomalus 
muscarum 

ptilinum, func tion 95 
pu parium, definition 60 
pyrethroids, synthetic 40, 41 
pyrethrum 41 

rabbits, as feeder animals 89, 130, 132, 133, 
134, 135, 135, 138, 139, 140, 141, 143 

rain forest 99 
Reduviidae, possible predators 52 
Reesimennis nielseni see: Romanomermis culici-

vorax 
resource management 31, also see: Glossina 

control, integrated; pest manageme nt 
rh inoceros see: Rhinoceros , Diceros 
Rhinoceros, Diceros 105 
Rhodesia 26, 29, 57, 59, 60, 61, 63, 64, 65, 66, 

70, 71, 94, 99, 126, 127, 130, 131, 132 
Rhodotoru/a sp. 82 
Rhyncomyia pictifacies 69 
rickettsia-like organisms, in vitro culture 82 
Rickettsiae 82 
rinderpest 26, 32 
Romanomermis culicivorax, (Reesimennis nie/

seni ) in part 9, 185; mass production 154, 
184 

Rwanda 24, 25 

safety of tsetse control see: Glossina control, 
nontarget orga nisms 

Sahara-Somali deserts 13, 99 
Sahelian zone 32, 99 
Salix sp. 101 
Sarcophaga sp. 81; puparia for in vivo 

production of Mutilla glossinae 57, 63, 64, 
150; puparia for in vivo production of 
Syntomosphyrum sp. 61, 62, 149, 150, 180 

savannah 18, 20, 24, 29, 30, 31, 36, 39, 41, 50, 
54, 83, 84, 99, 100, 102, 107, 150, 173; 
Guinean 25, 26, 83, 84, 103; Sudanian 27, 
100, 103 

schistosomiasis-bearing snails, biocontrol 8 
screening protocol, for candidate biocontrol 

agents, WHO 160 
Senegal20, 59,60, 100 

Septabasidium sp. 76 
Serratia sp. 146; S. marcescens , experimental 

infecti ns of adult tsetse 79, 88, 90, 91 
sheep, as feeder animals 133, 134 
Sherifuri, site of Syntomosphyrum fie ld trial 

aga inst ts etse 62 
shrews, as possible predators 46, also see: 

Petrodrimys tetradactylus 
Sierra Leone 20, 59 
"Skeeter Doom" 184, also see: Romanomermis 

culicivorax 
sleeping sickness see: trypanosomiasis, hu-

man 
Smicromyrme 63, 180 see: Mu till a benefactrix 
snakes, mortalities due to pesticides 28 
Somalia 32, 80, 99, 100 
source reduction see: Glossina con trol, envi

ro nmental 
South Africa 7, 13, 26, 30, 31, 36, 59, 60, 63, 

68, 71, 72, 73, 99, 100, 179 
southern Africa 67, 68, 180 
South West Africa 13, 59 
Spalangia sp. 57, 72, 73, 151 
Spalangidae 73 
Sphex sp. 47 
Spicaria farinosa, experimental infection of 

adult tsetse with 88, 89, 90 
spiders , mortality due to pesticides 28, also 

see: Nephi lia spp., Plexippus paykulli , 
Hersilia setifrons 

Spirochaeta glossinae see: Borre/ia glossinae 
Staphylinidae 72, 73 
Staphylococcus sp. 146 . 
Stenomalus musca rum 73, 151 
sternal plate 15, 16 
Stomatoceras diversicornis 59; 5. exaratum 59, 

70; S. micans 59; S. schulthessi 59, 70 
Stomoxyinae 13 
Stomoxys 121 
Struthio came/u s 105 
Stylogaster westwoodi 59 
Suda n 26, 59, 100, 101 
Sudanian Savannah woodlands 99, 100 
Suidae 104, 105, also see: Hylochoerus 

meinertzhageni , Potamochoerus porcus , Pha
cochoerus aeth iop icus 

Sylvicapra sp. 177 
symbiotes, antibiotics causing loss of 77, 78; 

bacterial 76, also see: bacteria , symbiotic 
Synagris 47 
synanthropic flies see: muscoid flies 
Synercus caffer 104, 105 
synthetic chemical pesticides see: Glossina 

control, chemical 
Syntomosphyrum spp. 57, 58, 60, 61 , 72, 180; 

field trials against tsetse 61 , 62, 63, 149, 
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177, 181; hyperparasitism on Mutilla 60, 
61; mass production in vivo 61, 62, 149, 
181; non-tsetse hosts 60, 181; S. a/bic/avus 
58, 59, 60, 61, 180, field trials 61; S. 
glossinae 57, 58, 59, 60, 62, 182 

Tabanidae, fungal pathogen 184 
tabanids see: Tabanidae 
Tamarindus indica 28 
Tanzania 20, 21, 25, 30, 31, 46, 47, 59, 60, 61, 

62, 66, 67, 70, 79,80,82,83, 99, 100,100, 
111, 117, 118, 125, 126, 127, 130, 183 

termitaria 25 
termite see: Macrotermes spp. 
Tettigoniidae, as possible adu lt tsetse preda

tors 52 
Thaumetopoea pityocampa 150 
Thyridanthrax spp. 53, 64, 66, 182, also see: 

Exhyalanthrax; apparent scarcity in Wes t 
African tsetse 66, 69, 183; T. abruptus 59, 
66, 68, 69, taxonomic confusion concern
ing 66; T. al/iopterus 59, 66; T. argen ti
frons 59, 66, 67, also see: T. beckerianus; T. 
argyrolophus 67, also see: T. beckerianus; 
T. beckerianus 59, 66, 67, 68, 69, also see: 
T. argentifrons; T. beneficus 59, 66; T. 
brevifacies 29, 59, 66; T. burtti 59, 66; T. 
Iineus 66, also see: T. abruptus; T. lloydi 
59, 66; T. Iugens 59, 66, 69; T. salu taris 59, 
66, 69; T. transiens 59, 66 

tiger-bee tles 178, also see: Coleoptera 
tobacco budworm 9 
Togo 19, 100 
Torulopsis sp . 79 
Togo-Benin savannah gap 19, 100 
Tragelaphus scriptu.s 105, 177; T. strepsiceros 

105 
transhumance 30, 32 
trapping, tsetse see: G/ossina attractants; 

Glossina trapping 
traps, blue-coloured cylindrica l 114; Challier 

and Laveissiere biconical 110, 113, 113, 
116, 117; Charley's "crinoline" 110, 111, 
116, 117; Goiny's mobile 109, 123; Harris ' 
110, 111, 117, 118, 123; Jack's 111; 
Langridge's 107, 110, 112, 112, 117, 118, 
119; Lewillon's dummy 110 , 111, 117, 
123; location 120; Moloo's 110, 112, 117, 
118; Morris and Morris animal 110, 112, 
116, 117, 118, 119, 120, 121, 123; Phelps' 
falling cage 109; sa mple composition 
121, 122; Swynnerton's AS (and others) 
110, 111, 116, 117, 118; Vale's artificial 
refuges 111; yield 120 

Trichopria sp. as competing parasitoid in 
mass-rearing of Syntomosphyrum on Chry
somyia 62; Trichopria spp., hyperpara
sitism 71, 72; T. capensis 71; T. capensis 
robustior 59, 71; T. Iewisi 59, 71 

Trichopriidae 59, 73, also see: Abrothropria 
lloydi, Trichopria spp., T. ca pens is robus
tior, T. lewisi 

Trombidium sp. 72 see: trombidiformes 
trombidiformes 71 
Trypanosoma brucei 35, 81, 97, 98, penetration 

of tsetse midgut cells 82; T. congolense 35; 
T. gambiense 35; T. grayi, of crocodiles, 
transmitted by tsetse 81; T. rhodesiense 
24, 35; T. simiae 35 

trypanosomiasis, abatement, economic as
pects 23; cattle see: nagana; human 7, 23, 
24, 35, 43, 125, 180 

Uganda 19, 23, 29, 30, 46, 47, 59, 60, 79, 81, 
82, 83, 99, 100, 117, 118, 129, 184 

ULV see: Glossina control 
United Kingdom, tsetse colonies 126 
Upper Volta 72, 83, 113, 114 , 116, 126, 131, 

184 
USSR, as possible source of candida te 

biocon tro l agents 184, 185 

Varanus spp . 105 
Villa spp. 69; V. brunnea, in vivo production 

150, V. lloydi see: Thyridanthrax lloydi 
viral insecticides 184 
viral pathogens, identification and characteri

zation 164, 165 
virus-like particles in tse tse 8; midgut 82; 

salivary glands 82; transovarial transmis
sion 82 

warthog see: Phacochoerus aethiopicus 
West Africa 9, 18, 19, 20, 36, 41 , 57, 61, 65, 

66, 67, 83, 91, 99, 100, 101, 180, 181, 182, 
183 

west-central Africa 18, 19, 20, 99 
WHO, human trypanosomiasis control 35; 

safety assessment of candidate biocon
trol age nts 157, 160; vector control 
organiza tion 38 

yeasts 77 
yellow fever 169 
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Zaire 19, 20, 23, 29, 47, 59, 72, 83, 111, 117, zebu 105, 121 
Ziziphus sp . 68 122, 125, 126, 129, 131, 183 

Zambezi River valley 25, 26, 31, 127 
Zambia 20, 21 , 59, 60, 63, 64, 83, 100 
zebras see: Equus burchelli and E. grevyi 
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