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Abstract 
Tsetse flies occur in much of sub-Saharan Africa as vectors of trypanosomes 
that cause human and animal African trypanosomosis. For its control, the 
Sterile Insect Technique based on mass rearing is currently used. But the im-
provement of tsetse productivity in mass rearing requires a better environ-
ment condition but also the control of productivity parameters. One of these 
important parameters is the choice of the ratio of females and males according 
to the targeted species. The aim of this study was to perform tests for getting 
the best female to male adults ratios in mass-rearing colonies of Glossina pal-
palis gambiensis for the purpose of optimizing the yield of sterile males. To 
achieve this, the mortality and fecundity for various male to female ratios (1:2, 
1:3, 1:4, 1:8 and 1:10) on adult tsetse fly in routine rearing over 60 days after 
emergence was monitored and each experimental batch was replicated five 
times. Pupae production and fly mortalities were monitored daily except on 
Sunday. Females of the 1:4 ratio survived longer than those from 1:2 and 1:3 
but similar to those from 1:8 and 1:10. The best survival was observed with 
flies from the ratio 1:10. The highest pupae per initial female per 10 days was 
observed with the ratio 1:4. The best Glossina palpalis gambiensis male to fe-
male sex ratio should be 1:4, due to the higher significant fecundity combined 
with lower mortality of females, in order to maximize the productivity of the 
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colonies and the yield of male flies that can then devoted to sterile insect tech-
nique projects. 
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1. Background 

Tsetse flies are strictly hematophagous insects and are the biological vectors of 
African animal trypanosomoses (AATs) and African human trypanosomoses. 
(AHT) [1]. Today, 31 species and subspecies of tsetse fly have been identified [2] 
and this list could be extended in view of recent genetic studies [3] [4].  

In West Africa, Glossina palpalis gambiensis is one of the important vectors of 
trypanosomes, flagellated hematozoan of genus Trypanosoma [5] [6].  

G. p. gambiensis originates from the glossinian population of the Guinguette 
forest.  

Guinguette classified forest and the Hippopotamus pond in Satiri in the Haut-
Bassin region of Burkina Faso in the 1970s. Indeed pupae of the said species were 
collected and sent to the entomology laboratory of the Institut d’Elevage et de 
Médecine Vétérinaire des Pays Tropicaux (IEMVT) in Maison Alfort, France. 
From this laboratory, ten thousand twenty-four (10,024) pupae were sent to the 
CRTA (now CIRDES) for the start of tsetse fly rearing in March 1975 [7]. 

African animal trypanosomiasis (AAT) is a serious livestock disease that affects 
livestock production in sub-humid and humid regions of Africa [8]. 

As regards the negative impacts on agricultural production, several control 
strategies and campaigns were conducted against nagana or Animal African Tryp-
anosomiasis (AAT) and their vectors, including vector control [9] [10]. Indeed, 
vector control within the framework of Area-Wide Integrated Pest Management, 
based mainly on a combination of chemical methods (chemotherapy, insecticide-
impregnated screens and traps, ground and aerial spraying, epicutaneous treat-
ment of animals) and a biological method, the Sterile Insect Technique (SIT), re-
mains the most effective strategy [11]. SIT involves the mass rearing of sterilized 
adult males who are released into the wild to compete with wild males and mate 
with wild virgin females. This mating is not productive and leads to the reduction 
or elimination of the population [12]. 

An ambitious continental program called the African Union-Pan African 
Tsetse and Trypanosomosis Eradication Campaign (AU-PATTEC) aims to create 
sustainable tsetse and trypanosomosis-free zones. Thus, the first pilot phase of 
PATTEC was implemented in Ethiopia, Kenya, Uganda in East Africa and Mali, 
Ghana, and Burkina Faso in West Africa [13]. In Burkina Faso, the project per-
formed an 83 to 92% reduction of Glossina palpalis gambiensis and G. tachinoides 
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densities on a 40,000 km² area through an integrated control campaign including 
insecticide targets, traps and cattle, sequential aerial treatment (SAT) and the mass 
treatment of livestock using trypanocides, from June 2006 to December 2013 [14]. 
Moreover, a mass-rearing facility, named “Insectarium de Bobo-Dioulasso (IBD)”, 
was set up with capacities to produce about 1,000,000 sterile males weekly in order 
to provide sterile males to Burkina Faso programme, and to other countries PAT-
TEC campaigns in west Africa in which a sterile insect technique (SIT) is per-
formed [14]. In this facility, tsetse fly rearing started in June 2016 with Glossina 
palpalis gambiensis and in December 2022, the total colony population reached 
650,000 females [15].  

In addition, in 2005, the Government of Senegal initiated under the PATTEC 
initiative, a tsetse flies eradication program in the Niayes area using area-wide in-
tegrated pest management approaches with the SIT component [16] [17]. For the 
SIT component, since 2017, an agreement has been made with the IBD to mass-
produce G. palpalis gambiensis in order to provide the Senegal program with 
50,000 sterile male pupae weekly. Furthermore, the Burkina programme plans to 
implement SIT in defined and isolated areas along the Mouhoun River in its in-
tervention zone performed. 

As regards the colony size and the needs of sterile males for the active and near 
future programmes (Burkina, Ghana, Mali, Chad, etc.), the yield improvement for 
sterile males was absolutely requested. Indeed, the ratio of released sterile male 
flies to fertile wild male flies must be as high as possible to induce high sterility in 
wild females [18].  

At IBD, the G. palpalis gambiensis colony is maintained with a mating sex ratio 
of 1:3 males to females. A similar recent study was carried out at the National 
Institute for the Control and Eradication of Tsetse and Trypanosomosis (NI-
CETT), Ethiopia on G. fuscipes and G. pallidipes recommended to use 1:4 male 
to female sex ratio to the whole colonies (instead of 1:3) and this improved the 
yield of sterile males for the eradication project [19]. 

Therefore, the same framework was implemented to perform various ratios of 
male to female adults in mass-rearing colonies of G. palpalis gambiensis in order to 
provide the best yield of sterile males while ensuring better productivity of the colony. 

2. Materials and Methods 
2.1. Insectarium 

The study was implemented at the “Insectarium de Bobo-Dioulasso (IBD)” located 
in the village of Darsalamy, 15 km from Bobo-Dioulasso, Burkina Faso (11˚03'32.4"N 
and 4˚21'10.9"W). The rearing rooms are equipped with specific materials such as 
air conditioners, humidification and cooling devices to maintain specific environ-
mental conditions at 25 ± 1˚C, 75 ± 5% RH and a photoperiod of 12:12 light: dark 
during the tests and for pupal incubation, feeding and fly monitoring [20]. Data 
loggers are placed inside rooms and are programmed to display temperature and 
relative humidity every minute and to record data every 30 min. 
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2.2. Tsetse Species and Strain 

The sex ratio experiments were performed with G. palpalis gambiensis flies from 
the laboratory colony maintained at the IBD and fed 4 times per week [15] with 
defibrinated and irradiated bovine blood using in vitro silicon membrane heated 
on a feeding plate at 36 ± 1˚C [21]. The colony was derived from an original strain 
from Maisons-Alfort (France) in 1972 using local pupae collected in the field at 
Guinguette, near Bobo-Dioulasso, Burkina Faso to make it easier for them to 
emerge and transferred to “Centre de Recherche sur les Trypanosomiases Ani-
males (CRTA)” in Burkina Faso in 1975 [22] renamed later on Centre International 
de Recherche-Developpement sur l’Elevage en zone Subhumide (CIRDES) [7]. In 
2016, 53,972 adult flies of this CIRDES colony were transferred to the IBD in order 
to set up a colony for mass production as regards the objective of the insectary [15]. 

2.3. Experimental Design 

The study was run from November, 2020 to April, 2021 and included 2,025 G. 
palpalis gambiensis adults (1,600 females and 475 males). To achieve the objective 
of the study, five sex ratios male:female were implemented i.e. 1:2, 1:3, 1:4, 1:8 and 
1:10. Three days-old virgin females were mated with 6 days-old virgin males (the 
time that the flies become sexually mature) according to sex ratio and put into a 
cage (13 × 5 × 8 cm) covered with tulle of 2.5 mm of mesh. For each sex ratio, 5 
cages were used and each cage constituted a replicate. The number of males and 
females according to sex ratio is detailed in Table 1. Cages were maintained under 
the same conditions (environmental conditions, feeding and management). Males 
and females remained together until the end of the experiment. 
 
Table 1. A number of females and males Glossina palpalis gambienis were tested according 
to the sex ratio. 

Sex ratio (male:female) Males Females Number of cages 
1:2 30 60 5 
1:3 30 90 5 
1:4 10 40 5 
1:8 10 80 5 
1:10 5 50 5 

2.4. Mortality 

Mortality monitoring consisted of checking each cage for dead tsetse flies from 
the first day after mating until 60 days. Mortalities were recorded per sex ratio, 
cage and fly sex daily except on Saturdays and Sundays. Death flies were separated 
by blood mortality and starvation. 

2.5. Fecundity 

Mating cages were set up in individual larviposition cups and the pupae were col-
lected every morning except on Saturdays and Sundays. Viable pupae were separated 
from aborted larvae and recorded per sex ratio and cage. The viable pupae were 
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weighed individually per sex ratio and cage using an electronic balance of 0.0001 mg 
sensitivity and automatic calibration (Sartorius MSE2 7S-000-DM Cubis Ultra MD). 
The pupae produced per female over 10 days (pf10d) was also calculated [23]. 

The pupae produced were put in emergence cages (30 × 25 × 15 cm) and set up 
in the incubation room at 25 ± 1˚C, and 75 ± 5% RH until adult emergence. 
Emerged flies were removed and identified by sex to calculate the percentage of 
emergence per sex ratio [23]. 

2.6. Data Analysis 

The statistical analyses were performed using R Software (version 4.0.3) [24] with 
Rstudio. The Shapiro-Wilk test was used to test the normality of data and Tukey’s 
test was applied. The survival of flies was analysed using the Kaplan-Meier sur-
vival curves and was compared using the coxme model [25] for the sex ratio, the 
sex and their second order interactions were considered as explanatory variables, 
the cage number was used as a random effect, and survival rate as the variable 
response. The significant interactions were analyzed using the emmeans function 
(in package emmeans) [26]. The number of pupae produced per female over 10 
days, the pupal mass and the emergence rate were compared between sex ratios 
using the generalized linear model provided by the post hoc Tukey tests (glht 
function in package multcomp) [27]. 

3. Results 
3.1. Flies Survival  

The survival rate was significantly influenced by the sex ratio (F = 188.839; df = 1, 
26; p < 0.001) and sex (F = 45.94; df = 4; p < 0.001). In addition, females survived 
significantly longer than males, irrespective of the sex ratio (P < 0.001). For the 
females, the comparison between sex ratios showed that the best survival was ob-
served with flies from the ratio 1:10 (Figure 1), followed by the ratio 1:4 and a 
significant difference was found between the two sex ratios (p = 1.12e-6; Table 2). 
The other ratios 1:2, 1:3 and 1:8 showed a survival significantly lower than the 
previously cited (p < 0.001, Figure 1). However, there was no significant differ-
ence between the survival rates of the 1:2, 1:3, and 1:8 ratios (Table 2). For the 
males, survival was similar in terms of the sex ratio (P > 0.2; Table 2). 
 

 
Figure 1. Survival of the female flies by sex ratio (male:female). 
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Table 2. Summary of the best cox model for the survival of flies per sex after 60 days. The 
sex ratio 1:4 is here considered as the reference level for females and males. 

Traits Fixed effect Coef Estimate SE T value Pr (>|t|) 

Female 

ratio 1:8 −0.03382 0.96675 0.09540 −0.355 0.722958 

ratio 1:2 0.32212 1.38005 0.08603 3.744 0.00018*** 

ratio 1:3 0.38557 1.47046 0.07917 4.870 1.12e-06*** 

ratio 1:10 0.15981 1.17329 0.08091 1.975 0.048257* 

Male 

ratio 1:2 0.06650 1.06877 0.16579 0.401 0.688 

ratio 1:3 0.19579 1.21627 0.16542 1.184 0.237 

ratio 1:8 −0.02111 0.97911 0.20376 −0.104 0.917 
 ratio 1:10 −0.15894 0.85305 0.24666 −0.644 0.519 

Abbreviation: Coef, coefficient; SE, standard error. Significance: *** P ≤ 0.001; * P ≤ 0.05 
(these apply to values above) 

3.2. Productivity 

The productivity was not significant according to the sex ratio (F = 2.912; df = 4; 
P = 0.02). The sex ratio with the best productivity was 1:4, which gave 0.71 pupae 
per female over 10 days (Figure 2). However, this production was not significantly 
different from those of the ratios 1:2 (0.62; p = 0.28) and 1:10 (0.70; p= 0.87). The 
significant lower fecundities (pf10d) were observed for the ratios 1:3 (0.51; p = 
0.02) and 1:8 (0.48; p = 0.006; Table 3). 

The highest pupal mass was observed for the ratio 1:10 (23.09 ± 0.89 mg; 
Figure 3). It was significantly higher (p < 0.03; Table 3) than the other ratios 
1:2 (22.36 ± 2.15 mg), 1:3 (22.33 ± 2.08 mg) and 1:4 (22.46 ± 1.27 mg) and 
marginally higher than for 1:8 (22.59 ± 1.48 mg; p = 0.07). However, the emer-
gence was significantly lower (p < 0.001) for the ratio 1:10 than that for the 
other ratios (Figure 4). 

 

 
Figure 2. Number of pupae per female over 10 days. The red points give the mean value 
for each sex ratio. 
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Figure 3. Average pupal mass according to the sex ratio. 

 

 
Figure 4. Emergence rate according to the sex ratio. 

 
Table 3. Summary of the best mixed effect model results for pupae production and adult 
emergence. 

Traits Fixed effect Estimate Error T value Pr (>|t|) 

pf10d 

Intercept 0.71389 0.05989 11.921 <2e−16*** 
ratio 1:2 −0.009232 0.08593 −1.704 0.28325 
ratio 1:3 −0.20016 0.08593 −2.329 0.02030* 
ratio 1:8 0.23194 0.08469 −2.739 0.00642** 
ratio 1:10 −0.01389 0.008469 −0.164 0.86981 

Pupal 
mass 

Intercept 23.09 0.1961 117.773 <2e−16*** 
ratio 1:2 −0.7345 0.2932 −2.505 0.0128* 
ratio 1:3 −0.7642 0.2876 −2.657 0.0083** 
ratio 1:4 −0.6349 0.2876 −2.207 0.0280* 
ratio 1:10 −0.5009 0.2783 −1.800 0.0729 

Adult 
emergence 

Intercept 98.958 1.965 50.356 <2e−16*** 
ratio 1:2 −1.506 2.815 −0.535 0.593888 
ratio 1:3 2.903 2.779 −1.045 0.298906 
ratio 1:8 −2.783 2.779 −1.405 0.298906 
ratio 1:10 −11.151 2.779 −4.012 0.000121*** 

Values with the same number of stars between rows and columns are not significantly dif-
ferent (p > 0.05). 
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4. Discussion 

Tsetse flies are viviparous with too low production, i.e. at temperatures of about 
25˚C, a female gives birth every 9 to 10 days a fully developed larva except the first 
which is laid 18 to 20 days after the fly is out of the puparium [28]. Thus, for mass-
rearing facilities such as IBD with an objective to support different eradication 
campaigns in tsetse sterile males, it is important to maximize the production of 
the tsetse colonies and yield of sterile males to be able to satisfy the needs. This 
study has been carried out to assess some biological parameters of G. palpalis gam-
biensis adult flies mated in cages at various sex ratios in order to determine the 
best sex-ratio which is able to enhance the colony production and yield of sterile 
males. 

4.1. Survival 

One explanation for the fact females survived longer when they were mated in a 
ratio 1:4 comparatively to sex-ratios 1:2 and 1:3 (ratio used on the colony) could 
be the fact that in cages with low ratios of female flies per male, female flies were 
disturbed by mating attempts, reducing their longevity. These observations are in 
line with previous data found in cage conditions with G. morsitans morsitans [29], 
G. fuscipes fuscipes and G. pallidipes [19]. For tsetse flies, in general, one mating 
is enough for life time reproduction [28], although exceptions exist, for example 
with G. fuscipes fuscipes, two or three mating have been observed in the wild [30]. 
In confined areas such as rearing cages, male flies struggle to mate females repeat-
edly since with age the male mating competitiveness increases [31]. The conse-
quence is that this disturbance results in stress, loss of energy, abortion or even 
death [29]. Altogether these factors reduce survival in cages of flies with 1:2 and 
1:3 ratios. However, the results showed similar survival between female flies from 
ratio 1:4 and 1:10.  

Another explanation of the survival difference between ratios could be the dif-
ference in the density of flies per experiment cage (13 × 5 × 8 cm). Indeed, the 
total number of female flies contained per cage was 45 and 50 for the ratios 1:4 
and 1:10 while that was 90 and 120 for the ratios 1:2 and 1:3 respectively. A previ-
ous study was found with G. palpalis gambiensis using the ratio 1:3 that the high 
density of 120 flies per cage (90 females) appeared to cause high mortality (1.4 ± 
0.3) comparatively to a density of 60 flies per cage (45 females) which daily mor-
tality rate was (0.9 ± 0 3) [32]. The future ratio studies should take into account 
the density parameter to avoid its effect.  

4.2. Productivity 

Females from the sex ratio 1:4 showed the highest fecundity. The pupae per initial 
female over 10 days (0.7 ± 0.57) was slightly higher than that obtained in the 
Standard Operating Procedures for Mass-Rearing Tsetse flies with the same spe-
cies, which was 0.6 pupae per female over 10 days [23]. This means that using 
these two sex ratios could improve the productivity than keeping the ratio 1:3. 
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However, the productivity remains lower than that obtained by [33] using the 
same G. palpalis gambiensis with the ratio 1:3 in the same insectary (0.82 ± 0.23) 
[33]. The difference between these two studies is the density of flies per cage. The 
study performed in 2021 used the same sex ratio 1:3 in a very low density (30 
females × 10 males) versus (90 females × 30 males) for the present. Does that 
mean that it’s the density of the flies that impacts the productivity more than the 
ratio? This is a question that still needs to be answered. The reduced fecundity at 
a higher ratio (1:8) might be due to an insufficient number of males to mate all 
females at the required time, since generally females refuse mating after fifteen to 
twenty days old [30]. Non-mated flies would then die without giving any pupae. 
The exceptional case of the ratio 1:10 could be explained by the lower fly density 
per cage. 

The average weight (22.16 ± 1.88 mg) and emergence rate (95.26 ± 9.45%) 
found in these experiments could attest to the good quality of blood used for feed-
ing flies and similar results were found by [33]. However, the pupal weight re-
mains still lower than that obtained in previously studies in Cirdes insectary which 
was 26.98 ± 0.67 mg [32] and IBD. 

From our results, the 2 sex ratios seem to show up: 1:2 and 1:10. These two 
ratios had better biological parameters than the other and mainly the standard 
ratio used in the Gpg normal colony. However, considering the fact that using the 
ratio 1:10 would necessitate more cages as the density needs to be kept at a certain 
level to not have a lot of mortality, and will need as well more males, it will be 
better to recommend the ratio 1:4. This will allow the facility to have more males 
for the mating or to irradiate for SIT programs. 

From our results, a ratio of 1:4 could be applied to the full colonies of G. palpalis 
gambiensis (instead of 1:3), reducing female mortality and increasing colony 
productivity and size. Moreover, this change in sex ratio would also allow having 
a surplus of males therefore giving more to IBD to support the current eradication 
programme in Senegal [34] and for the implementation of the future SIT pro-
grams in West Africa, such as in Burkina Faso and Chad. For example, on week 
16 of 2021, ~84000 G. palpalis gambiensis females emerged requiring 24000 males 
for mating with the ratio 1:3, so this change in ratio to 1:4 would save a surplus of 
3000 males weekly and contribute to reaching the objective of supporting eradi-
cation programmes. In addition, the change in the sex ratio will lead to a decrease 
in the workload of insectarium workers since the number of females per cage will 
increase with the decrease in the number of males for mating, which will result in 
a decrease in the number of cages in colonies compared to the previous 1:3 ratio. 
This will result in a reduction in the number of cages of 7% in the colony and a 
proportional decrease in insectary workers.  

5. Conclusion 

The optimum male to female sex ratio should be 1:4 for G. palpalis gambiensis in 
order to enhance its longevity and productivity and also save a surplus of males. 
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Thus, this maximizing of the male yield would allow the IBD to meet the needs 
for sterile males for the eradication program in Senegal and would give more ca-
pacity for the implementation of future SIT programs in West Africa. 
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