
INTRODUCTION

Glossina swynnertoni Austen (Diptera: Glossinidae), 
a member of the morsitans group (subgenus Glossina s.s.) 
is a tsetse species with extremely limited geographical 
distribution. It occupies a very small part of East Africa 
covering northern Tanzania (Arusha and Manyara regions 
and parts of Shinyanga and Mara regions) and the adjoin-
ing Maasai Mara in southwestern Kenya1–3.  Its  distribu-
tion is limited to dry woodlands of savannah at an altitude 
of 900–1800 m above sea level4–5 often with the presence 
of small thickets of vegetation, and availability of natural 
hosts3. 

Glossina swynnertoni is one of the most abundant 
tsetse fly species in its area of distribution in Kenya and 
Northern Tanzania border1, 6, playing an important role as 
vector of human trypanosomiasis (“sleeping sickness”) 
and animal trypanosomiasis (“Nagana”)7–9.  In a  survey 
carried out in Serengeti National Park, it was found to 
display higher rates of infection with  both human and an-

imal-infective trypanosomes than G. pallidipes7.  More-
over, unlike G. pallidipes, G. swynnertoni is described as 
savannah tsetse mostly attacking humans10–11. Therefore, 
it might be the reason as to why it was incriminated as 
the main vector of sleeping sickness epidemics of 1919 – 
1921 in Maswa district8, and in the early 1970s in Musoma 
district, Tanzania12–13. It might also be responsible for the 
resurgence of sleeping sickness among tourists travelling 
along Serengeti ecosystem14–15. Indeed, its presence in 
Tanzanian National Parks is a threat to tourism industry 
and neighbouring  human dwellings1. Due to its limited 
geographical distribution, G. swynnertoni is deemed to 
be number one priority for control among all Glossina 
species.  

A number of methods are available for control of G. 
swynnertoni.  They range from non-insecticidal to those 
involving use of synthetic insecticides16. The non-insec-
ticidal methods include selective elimination of wild ani-
mal hosts and bush clearing which were widely practiced 
before the advent of suitable insecticides17. The attempts 
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to control G. swynnertoni through hybridization by releas-
ing of G. morsitans centralis into a G. swynnertoni popu-
lation, has been tried earlier which resulted in suppression 
of the population by 99% in 26 km2 area18-19. Nevertheless, 
elimination of wild animal hosts and bush clearing have 
been discouraged and abandoned due to environmental 
degradations (bushes depletion)  concerns20. 

Use of insecticides for G. swynnertoni control started 
with ground spraying of residual insecticides on tsetse 
resting sites21. Initially, ground spraying was done us-
ing specialized knapsack sprayers. Fixed wing aircraft 
and helicopters were later adopted as the need to control 
tsetse over large areas arose16, 22.  To minimize environ-
mental contamination, ultra-low volume application of 
non-residual insecticides in sequential aerial spraying 
(SAT) was adopted16. Despite SAT being effective in sup-
pression of tsetse flies over large areas within relatively 
short time, it is relatively expensive and requires special-
ized equipment23-24. Most of the countries suffering from 
tsetse infestation problem are among the highly indebted 
poor countries25-26, thus making the control options and 
methods relatively less affordable. Moreover, with pres-
ent limited funding in tsetse control initiatives, there has 
been less use of SAT. Therefore, attention has recently 
been directed to bait technology which provides room for 
communities to implement tsetse control, without or with 
minimal external support27.

Bait technology includes live bait and artificial bait 
method. Live bait (involving use of animals) is the cheap-
est method of tsetse control especially when restricted 
application of insecticide is adopted23, 27-28. In this case 
insecticide is sprayed on the legs and belly of cattle in the 
herd thus minimizing environmental contamination and 
cost of insecticide. Keeping in mind that restricted or con-
served areas are the main habitats1, 29, such method is not 
suitable in the long run. This is because conserved areas 
such as national parks and game reserves are legally cat-
tle-free30-31. Therefore, artificial bait technology become 
potentially the most feasible and cost-effective method 
of tsetse control. This technology is based on exploita-
tion of host seeking behaviour of tsetse flies32. It combines 
visually attractive killing device such as mechanical trap 
or an insecticide-impregnated cloth target, with olfactory 
attractants that mimic a natural host odour33-34. The traps 
are useful and efficient for sampling of tsetse populations 
in a particular area. This is because they provide room for 
counting and identifying the species caught. On the other 
hand, targets expose the flies to the lethal dose of insecti-
cide through contact with insecticide-treated surface and 
are knocked-down, or pick lethal dose and die un-noticed. 
This review explores the behaviour of G. swynnertoni and 

role of artificial bait technology in controlling this species, 
its success, challenges and gaps for future improvement to 
foster cost-effective monitoring and control for this par-
ticular tsetse species. 

Host seeking behaviour
Towards designing suitable traps and targets for the 

monitoring and control of Glossina swynnertoni, it is im-
portant to first understand its host seeking behaviour and 
what attracts this fly.  Host seeking behaviour of tsetse 
flies is the key to development of traps and insecticide 
impregnated cloth targets32. As an initial step, the gen-
eral behaviour of G. swynnertoni is considered and taken 
into account for effective monitoring and devising control 
strategies.  

Tsetse flies are haematophagous insects visiting their 
hosts after every 3–4 days for blood meal35. However, G. 
swynnertoni is adapted to frequent feeding, having a feed-
ing cycle of 2½–3 days36-38. With regard to this behav-
iour, G. swynnertoni might be more vulnerable to traps 
or targets. In addition, whether the flies are hungry or not, 
they have a tendency to explore large objects and settle 
on them39-40. Being the case, G. swynnertoni has a unique 
flight activity pattern which is not described in other tsetse 
flies41. It is unimodal, but flies can be seen throughout the 
day3, 42; where males attain peak activity at 1100–1200 hrs 
and females at 1400–1600 hrs (3); however, both sexes 
remain active in the afternoon and activity decline rap-
idly towards dusk (1700–1800 hrs)3. During this time its 
movement is more influenced by a moving object16,43-44. 
Observation by Moggridge in 1936 indicated that  
G. swynnertoni can be attracted by a moving object in an 
open area up to a distance ranging from 90 to 275 m45. 
Therefore, these characteristic factors aid the daily disper-
sal rate and hence, increase their probability to encounter 
the traps or targets16, 43, 46. 

Host location 
With regard to the nature of the habitat (thorn-bush, 

open type of vegetation) it occupies, G. swynnertoni was 
previously thought to use more of their sight to locate their 
hosts47. A phenomenon which was later found doubtful  
as the fly was also observed to feed on host animals resting 
in relatively dense vegetation where sight is less impor-
tant than olfactory stimuli48. In fact the evidence of G. 
swynnertoni to respond to host odour in the field is well 
elucidated47, 49-50. Yet, specific studies on the role of host 
odour in eliciting host seeking behavior in G. swynner-
toni have not been undertaken. However, it is generally 
well understood that, odour oriented response is enough 
to bring the fly to the vicinity of the host and, the final lo-
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cation solely depends on the response to visual cues51-53. 
This phenomenon together with the knowledge of visual 
ecology has provided grounds for the use of odour baited 
artificial devices and these are more effective in trapping 
(in case of traps) or killing tsetse flies if incorporated with 
insecticide54. 

Ecological and visual factors in tsetse-trap design
The ecological visual aspects of tsetse fly are taken 

into account when considering the colour, shape and 
size of trapping device in respect of targeted species of  
tsetse2, 55-57.  Glossina swynnertoni like other tsetse species 
is attracted to trap materials that have high reflectivity at 
460 nm, and little UV and green yellow reflectivity2, 58-59. 
Such trapping materials are mistaken by tsetse as shadows 
at around 460 nm when looking for cover or resting place 
or host in attempt to avoid extreme environmental heat 
or feeding60. On the other hand, G. swynnertoni being 
a savannah tsetse species is unique and seem to follow 
some of the behavioural pattern expressed by G. palpalis 
species2, 55-56, 61-62. For instance, it is relatively more 
attracted to vertically oriented traps such as S3 trap63 and 
biconical trap64 relative to other traps used for savannah 
tsetse. Similarly, G. swynnertoni is equally attracted and 
captured by both large (1 m2), small (0.5 m2) and tiny 
(0.25 m2) targets2, 65-66. Therefore, smaller but vertically 
orientated prototypes seem to be more desirable when 
designing traps for G. swynnertoni.    

Artificial bait technology 

Traps: There is little information about traps which spe-
cifically target G. swynnertoni. Enthusiastic efforts to de-
velop traps against tsetse flies came after the performance 
of Harris trap against G. pallidipes in Zululand67-69. In 
East Africa a number of traps were designed and tested 
against several tsetse flies species including G. swyn-
nertoni69. Jackson M-trap, N-trap, Y-screening Awning 
trap and Roller screen traps (Table 1) were the only traps 
that caught a promising number of G. swynnertoni in that 
order of preference69. Some of the important features of 
different traps used for trapping of G. swynnertoni are 
highlighted. Jackson M-trap had the catching cage with 
more light as opposed to shadier catching cage in Jackson 
single screen. Slanted screen rather than being vertically 
oriented was a prominent feature of N-trap. The Y-screen 
awning trap was designed to specifically counter the be-
haviour of G. swynnertoni of flying back through the way 
they went in, and thus, the screen had a widened top than 
bottom rendering it in the form of a Y-shape.  Although, the 
catches considerably improved, about nine out of ten of 

the flies that got in, flew back. However, the roller screen 
trap provided the best catches in comparison  to Jackson 
M-trap, N-trap and Y-screen awning trap69. This was prob-
ably contributed to a movement made by the roller screen 
which was made to revolve by a wide-driven fan at one 
end69.  Later on, trap development was abandoned in fa-
vour of selective clearing of vegetation which was then 
widely practiced as a method of tsetse control70. The only 
effort to develop relatively efficient trap for sampling G. 
swynnertoni was the one by Ndegwa and Mihok63. They 
came up with S3 trap which had comparable efficacy with 
the all-black 1 m2 sticky target. The designed trap had a 
triangular shape with three entrances as the epsilon trap63. 
Apart from the work by Ndegwa and Mihok63, there is 
little evidence on its application in sampling G. swynner-
toni. Therefore, sampling of G. swynnertoni has relied 
more on pyramidal and biconical traps that were devel-
oped for other tsetse species1, 7, 70-71. Nevertheless, recent 
observations have shown that G. swynnertoni was rarely 
trapped by biconical trap72. Taking into account that the 
biconical trap is considered as a standard trap by which all 
other trap designs are compared70, its attribute as a stan-
dard trap when considering sampling of G. swynnertoni is 
not suitable. In response to what observed by Adam et al72, 
a mobile scoop trap (trap that is mounted at the back of the 
vehicle) originally developed at Vector and Vector Borne 
Disease Institute, Tanga (formerly known as Tsetse and 
Trypanosomiasis Research Institute)73 was deployed for 
field collection of G. swynnertoni72. Previous studies have 
shown that mobile baits increase catches of G. swynner-
toni3. However, as for the mobile scoop trap, information 
on its cost-effectiveness as a control and a sampling tool 
is limited. Another devise,  i.e. Epsilon trap has recent-
ly been reported to sample G. swynnertoni at Serengeti  
National Park74. Although, it has not been previously re-
ported for sampling this species, its resemblance with the 
S3 trap might be the driving factor for its selection. Analy-
sis of its performance relative to other traps has not been 
elucidated. Therefore, studies to standardize the perfor-
mance of various traps are needed to provide information 
on the best choice for trapping G. swynnertoni.

The targets: The control of tsetse flies using cost-effective 
and practical devices other than the traps was initiated in 
1970s. The efforts of Vale11, 75 for establishing an objective 
way of assessing the behaviour of tsetse flies around sta-
tionary object using electric nets are worth mentioning11,75. 
His work provided the platform at which various targets 
(insecticides-treated screens) were developed in 1970’s 
and early 1980s76. In eastern and southern Africa, much 
efforts were directed toward designing suitable targets for 
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Table 1. Summary of the bait techniques in use for tsetse fly control

S.No. Name of the bait Particulars Percentage of effectiveness
1. Biconical trap70 Consists of two cones joined at the base. The lower cone 

has four lateral openings approximately (30 × 20) cm 
each. The upper cone is of white mosquito netting. Inside 
the body of trap are two black screens arranged in cross.

It has widespread use and it has been used as a 
standard trap at which other traps’ efficiency are 
compared. Originally meant for Glossina tachnoides 
and G. palpalis gambiensis.

2. Pyramidal trap77 Consists of mosquito net pyramid made up of four 
isosceles triangles (Height = 84 cm, Base = 68 cm, Side = 
90 cm) and the two crossed screens 100 cm wide (Height 
inside pyramid = 30 cm, under the pyramid = 60 cm).

Effective against G. palpalis and G. fuscipes.

3. Mono-screen 
trap78

Made of single blue/black screen and a 
cone of mosquito netting.

Found to be cheaper and more effective against G. 
fuscipes fuscipes. Efficient at 1.25 times than the 
biconical trap.

4. Vavoua trap79 Modification of biconical and pyramidal and twice as 
lower price. The upper cone made of polyamide mosquito 
net that overcomes three screens (length 45 cm) sewed at 
120 degrees. The screen composed of a blue external part 
(cotton/polyster) and a black internal part (polyamide) 
with a blue/black ratio equal to 2. 

Has similar efficiency in trapping G. palpalis as the 
biconical and pyramidal traps.

5. H trap80 Consist of pthalogen blue cloth outer “box”, two 
opposite side entrances (40 × 65 × 65) cm. the cones are 
horizontally situated.

Meant for trapping Glossina brevipalpis and G. 
austeni. Reported to catch G. austeni significantly 
better (37.6% of the flies attracted) than the NG2F 
trap.

6. F3 trap81 An early trap in new trap era. It is a blue trap box, the 
lower half is folded in to provide an entrance with the 
horizontal shelf above.

Meant for catching G. pallidipes and G. morsitans 
morsitans. It is ten times as effective in trapping 
G. pallidipes.

7. Epsilon trap82 Developed as alternative to F3 trap. It is equilateral 
triangle when viewed from top. The lower half of the 
front is folded back into the trap to give an entrance. The 
target is a vertical 0.5 × 1 m piece of black cloth sewn 
into the rear of the trap shown in Fig. 1a61.

Meant for catching G. pallidipes and G. morsitans 
morsitans. More cost-effective than the F3 trap.  
More effective in trapping G. pallidipes than the 
biconical trap.

8. M3 trap83 A modification of epsilon trap, it has three entrances. It was found to catch 80 and 73% of males and 
females G. morsitans, respectively; also more 
effective in trapping G. pallidipes females (110%) 
and males (39%), than the epsilon trap.

9. NGU traps84 These are three prototype traps including NG2F, NG2G 
and NG2F. The diagram of the NG2B is shown in Fig. 
1b. The difference of NG2B with the other prototypes is 
the additional of blue clothed on the side shown by arrow, 
for NG2G a wing of 1 m on one side only whereas NG2F 
0.5 m on either side.

Meant for control of G. pallidipes and G. longipennis. 
It is shown that 3 traps per km2 will eradicate isolated 
populations of G. pallidipes and G. longipennis, 
while 2 traps per km2 can sustain a 90–99.9% 
reduction in numbers of G. pallidipes even under 
heavy invasion pressures provided the area does 
not exceed 100 km2.

10. NZI trap85 Rectangular blue and black panels, the trap body 
consisting of innovative configuration of netting as shown 
in Fig. 1c61.

Multipurpose trap, meant for trapping Glossinidae, 
and Stomoxynae. For instance, catches higher or 
more G. brevipalpalis and G. longipennis relative 
to good traps (NG2G and Siamese) used to catches 
these species.  

11. S3 trap63 Three sided trap, each side panel is 90 × 90 cm, with three 
entrances (40 × 40 cm), one in each side. The surface 
above each entrance is slanted outward at an angle of 45o 
as shown in Fig. 1d3.

It was found to be 2.9 times better than the biconical 
trap and its performance was comparatively similar 
to all black stick target.

12. Tanga/Mobile 
scoop trap74

A trap that is mounted at the back of the vehicle as shown 
in Fig. 1e70.

Effective against G. swynnertoni.

control of the savannah species particularly G. pallidipes 
and G. morsitans33-34, 86-87. These efforts ultimately yielded 
various targets namely; all black, blue or blue-black, with 
surface area of about 1 m2 and with or without panels of 
insecticide treated netting placed nearby to intercept flies 

that do not alight on the target itself. The early assessment 
of these targets on G. swynnertoni were done in Tanzania 
during 1991–199388.  In this case blue-black and all black 
targets were found to be more effective for this species.  

Recent concerted efforts were made to develop cost- 
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effective insecticide impregnated screen for G. swynner-
toni2.  It has been shown that smaller targets (blue-black 
and or all blue-leg panels) of 0.5 m2 provide comparable 
landing efficiency against G. swynnertoni as the 1 m2 blue-
black target. This could prove beneficial for the people in 
the northern Tanzania (Arusha, Manyara , parts of Mara 
and Shinyanga) and southwestern Kenya towards attain-
ing cost-effective  control of G. swynnertoni89. However, 
odour-baited targets of the smaller size did not show sig-
nificant increase in catches of  G. swynnertoni , hence a 
need to compensate with deployment of different sizes 
of  targets has risen2. This is undesirable in areas such 
as national parks which form much of the habitat of G. 
swynnertoni. Deployment of few numbers of targets but 
effective prototypes would be a much welcome for envi-
ronmental reasons. 

Odour attractants: The role of host odours in G. swyn-
nertoni in host location can be traced back to when  
Swynnerton69 noted that, G. swynnertoni were  
nevertheless attracted to live oxen, but also to oxen  
just killed and at once motored through G. swynner-
toni habitat appeared still attractive . This profound ob-
servation motivated Napier-Bax50 to conduct a study  
whereby  G. swynnertoni were found to perceive odours 
from cattle at distance of 110 to 450 ft.  However, the  
role of host odours in facilitating attractive behaviour of 
tsetse to their host were later disregarded as it was be-
lieved that tsetse flies were attracted to moving objects 
rather than by odours. In the early 1970s, Vale11,75 devel-
oped techniques for separating tsetse responses against 
visual and olfactory stimuli. The first being the electric 
nets which provided an objective method for assessing 
the number of tsetse visiting the vicinity of moving or  
stationary hosts11. The second was the use of ventilated 
pits which provided means of producing natural host 
odour with or without presence of visual stimuli75. From 
these two techniques, it was shown that host’s movement 
was largely responsible in attracting tsetse to its vicin-
ity. However, approximately 90% of tsetse arriving at 

stationary host (ox or warthog) did so in response to the 
host odour. Increasing the dose of odour by adding more  
hosts in the ventilated pits, attracted more tsetse and for 
each ten-fold increase in odour dose, the catch increased 
by 2.5-fold. 

Therefore, following a series of random screening  
and chemical analysis of host odours using gas chroma-
tography linked with electroantennographic detection 
(GC-EAD), a number of ox odours were identified, the 
most active being carbon dioxide, acetone90, 1-octen-
3-ol91, 4-methylphenol and 3-n-propylphenol92-93 and bu-
tanone94. The first three odours, carbon dioxide, acetone 
and 1-octen-3-ol (octenol) are components of cattle breath. 
Acetone and the rest of phenolic compounds are compo-
nents of animal (cattle or buffalo) urine16.  The assess-
ment of these odours (singly or in combination) against 
G. swynnertoni was first conducted by Muangirwa95 in 
Tanzania. It was depicted that a combination of acetone, 
1-octen-3-ol and cow urine was effective attractant for G. 
swynnertoni. It was noted that the critical odour attractant 
for G. swynnertoni were acetone and 1-octen-3-ol95. These 
findings were later corroborated in Kenya although it was 
suggested that some components of cow urine might be 
repellent to G. swynnertoni as it has been observed in case 
of G. morsitans49. Therefore, further studies are required 
to confirm such claim.

Success: Refinement of artificial bait technology for the 
control of G. swynnertoni has come a long way. From the 
relative large traps and targets which were developed in 
ignorance of the behaviour of the tsetse to development 
of more standardized traps and smaller targets. It is great 
achievement to come up with a more standardized smaller 
target (0.5 m2) of comparable efficacy as 1 m2 blue-black 
target for control of G. swynnertoni2. However, further 
trials are needed to determine the cost-effectiveness of 
the smaller targets and the possibility of increasing their 
efficiency through addition of suitable odour attractants. 
The development of different tsetse traps and their merits 
and demerits are summarized in Table 1. 

a b c d e

Fig. 1: Different type of  bait techniques in use for tsetse fly control: (a) Epsilon trap; (b) NGU trap; (c) NZI trap; (d) S3 trap; and (e) Tanga/
Mobile scoop trap. Details are described in Table 1.



 21

Challenges: The major challenge for developing attrac-
tive devices for G. swynnertoni has been its reluctance to 
enter traps. Therefore, development of traps for G. swyn-
nertoni should entail creating large, blue attractive objects 
which the fly readily explores and at the same time ma-
nipulating the traps into shape that will guide the fly into a 
small, confined compartment with limited exit possibili-
ties63. Interestingly, G. swynnertoni was the only species 
of tsetse fly caught at Tarangire and Serengeti National 
Parks when mobile scoop traps were used72. Nevertheless, 
such method was found to catch more males than females 
tsetse which is a typical result of the mobile baits3. The 
other challenge is on the aspect of the odour currently 
available. For instance, Mramba et al2  found that a combi-
nation of POCA (propyl phenol, octenol, p-cresol and ac-
etone) baited targets failed to bring significant difference 
when statistically compared with unbaited targets/traps. 
Therefore, artificial bait technology for G. swynnertoni 
needs improvement of odour cues and careful study of its 
behavior around artificial objects. 

Way forward
The use of traps in the control or sampling of G. swyn-

nertoni is still far from ideal and further improvement is 
needed. Since, G. swynnertoni are attracted to a moving 
object, traps with slings to hang on tree or suspending 
pole can also be tried in the future. If this is coupled with 
improvement of the odour cues, this may provide cost-
effective control tool.  Previous studies have shown that 
G. swynnertoni can locate a calf hidden 23 m away and 
responds to ox and human odour from ranges of up to 55 
m50. This suggests that G. swynnertoni have a keen sense 
of smell. Identification of unknown attractants in ox odour 
may probably double the number of flies catching from 
the targets/traps8. 

More recently, knowledge of chemical ecology of tse-
tse flies has revealed that plants could provide alternative 
source of odour attractants8, 96-97. Studies have shown that 
certain plants possess volatile compounds that induce at-
traction behaviour of tsetse flies8, 98. One of the evidence 
is that of essential oils of Pinus sylivestris and P. pumili-
onis which have all been shown to increase catches of G. 
brevipalpis and G. fuscipes fuscipes respectively8. This 
information suggests that tsetse preferring plants could 
point to close-range olfactory cues that can be blended 
with conventional odours to improve the efficacy of traps/
targets. Although shape and size are thought to be the main 
factors in guiding G. swynnertoni to their preferred habi-
tats which comprise of Acacia–Commiphora species3, it 
is hereby postulated that olfactory cues emanating from 
these plants may also prove as attractants. 

CONCLUSION

Glossina swynnertoni is an important vector of both 
human and animal trypanosomiasis in the limited geo-
graphical area of northern Tanzania and southwestern 
Kenya. The study showed that G. swynnertoni can suc-
cessfully be attracted to certain odours and artificial bait 
objects which may be exploited to improve the efficiency 
of both traps and targets. Hence, advancements in bait 
technology is useful and essential for eradicating G. swyn-
nertoni, which is confined to a limited geographical area. 
Given this restricted distribution and threat it poses on 
the tourism industry, deliberate efforts need to be made 
against G. swynnertoni as the next candidate to be eradi-
cated using artificial bait technology. 
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