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Stomoxys Geoffroy, 1762 are major livestock pests in the tropics and are common in diverse habitats. This study
aims to conduct a survey on the Stomoxys fauna of Cameroon. From 2015 to 2017, entomological studies using
standard traps (n=204) were conducted in eight administrative regions found in five agro-ecological zones (AEZs)
of Cameroon with 606 trap-points over 22,032 traps days. A total of 77,804 Stomoxys specimens were collected,
with eight taxa consisting of six species (. calcitrans (Linnaeus, 1758), S. omega Newstead, Dutton & Todd, 1907,
S. xanthomelas Roubaud, 1937, S. inornatus Grunberg, 1906, S. transvittatus Villeneuve, 1916, and S. sitiens
(Rondani, 1873)) and two subspecies (Stomoxys niger niger Macquart, 1851 and S. niger bilineatus Grunberg, 1906)
identified. Among all the recorded taxa, S. calcitrans and S. n. niger were present in five and seven of the eight
regions respectively, but S. sitiens was rare and only found in the North. Furthermore, the highest species
number (seven out of eight) was recorded in the Guinee savanna of the Adamawa region. The highest apparent
density range of 101 to 200 Stomoxys| trap/ day (s/t/d) was recorded in the Sudan savanna AEZ of the Far North
region. Stomoxys occurred in all the AEZs in eight regions, some of which are major cattle rearing regions.
This represents risk for the mechanically transmission of dangerous pathogens in those regions.

Introduction

Stomoxys flies are blood sucking arthropods, dipterous insects
belonging to the family Muscidae, subfamily Stomoxyinae, which
includes 10 different genera (Zumpt, 1973). Eighteen species are
known in the world to belong to the genus Stomoxys, and 17 of them
have a tropical distribution (Zumpt, 1973). Large numbers of Stomoxys
attack livestock, wild animals, and occasionally humans, as both males
and females are bloodsuckers (Moon, 2002). In the Far North region
of Cameroon, Stomoxys flies host preferences include cattle, horses,
donkeys, humans, and poultry (Mamoudou et al., 2016). An investigation
regarding the preferred breeding substrates for S. calcitrans showed a
high propensity for egg-laying in vertebrate-herbivore dung, caused
by signature odours emanating from the dung (Baleba et al., 2019).
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However, Stomoxys have a broad range of habitats and are continuously
adapting to exploit new breeding substrates in forest, livestock, and
human settlement areas (Mavoungou et al., 2017).

Stomoxys strong association with livestock, mainly to acquire a
bloodmeal, creates severe adverse effects because high densities of flies
(214 Stomoxys per animal per day) often leads to significant reduction in
livestock weight gain and milk yield (Miller et al., 1973; Campbell et al.,
2001; Lendzele et al., 2019). For pastured cattle in the USA, economic
losses caused by Stomoxyshave been estimated at $2.21 billion annually
(Taylor et al., 2012). Due to these adverse direct effects on livestock, farmers
in the Northern regions of Cameroon have constructed livestock houses
with mosquito net windows to protect their animals during the stable fly’s
outbreak seasons (Sevidzem et al., 2019d). Apart from the direct effects
caused by Stomoxys on livestock such as nuisance and blood sucking
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behaviours, Stomoxys can indirectly serve as mechanical vectors of several
pathogens (bacteria, viruses, and protozoa) (Foil and Gorham, 2003;
Baldacchino et al.,2013). In the Central African sub-region where Cameroon
is located, Stomoxys flies have been reported (Sevidzem et al., 2016;
Mavoungou et al., 2017), with some cross-sectional studies in the
country identifying a few species (Sevidzem et al., 2016; Mounioko et al.,
2018; Hiol et al., 2019; Mamoudou et al., 2020; Sevidzem et al., 2023).
In neighbouring Nigeria two taxa comprising of one subspecies
(S. niger niger) and one species (S. calcitrans) have been reported
(Odeniran et al., 2019), while seven taxa comprising of five species
(8. calcitrans, S. xanthomelas, S. inornatus, S. transvittatus, and S, omega) and
two subspecies (S. niger nigerand S. niger bilineatus) have been reported in
neighbouring Gabon (Bitome-Essono et al., 2015; Mavoungou et al., 2017;
Mounioko et al., 2018; Sevidzem et al., 2019b). The previous studies
were only conducted in one of the different administrative regions and
Agro-ecological Zones (AEZs) (Sevidzem et al., 2021) of Cameroon, but
the present study will cover all of them. To the best of our knowledge
no exhaustive study has been conducted to determine the abundance
and distribution of Stomoxys species in Africa. The present study aimed
to conduct a survey on the Stomoxys fauna of Cameroon.

Materials and methods
Study area

This study was conducted in eight different regions (Adamawa, North, Far
North, East, South, Center, Littoral, North West) (Fig. 1a) located in the five
main AEZs of Cameroon (Fig. 1b). The geographical coordinates and climatic
characteristics of the different AEZs include, (i) the Sudan savanna, which
covers the Far North (11°00’N, 14°30'E) and North (7°77796'N, 14°929°E)
regions at elevations from 304 to 545 m above sea level (a.s.1 ) respectively.
The climate is considered Sudano-Sahelian with two seasons (rainy and dry),
with an average monthly temperature of 28°C, and 400 to 1200 mm)/year
of rainfall; (ii) The Guinean savanna, which covers the Adamawa Plateau
(7°00334'N, 13°01’E) at an elevation of 1000 m a.s... with a Sudanese
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climate type and average monthly temperature of 20 to 26°C, and
rainfall of 1500 mm/year; (iii) The Highland plateau, covering the
North West region (5°92523'N, 10°009’E) at an elevation of 900 m a.s.1.
This region has a cold climate with mean monthly temperature of 19°C
and annual rainfall of 1500 to 2000 mm/year; (iv) The Rainforest,
covering the Littoral region (3°23333’ N, 9°567’ E) at an elevation of
35 m a.s.l. This region is a variable equatorial climate that is humid
and hot, with average monthly temperatures between 22 to 29°C.
The rainfall reaches 2500-4000 mm/year, and; (v) The Mosaic forest,
which covers the East region (6°23333'N, 13°25’E) at an elevation of
890 m a.s.L It has a Guinean climate (hot and humid) and rainfall of
1500 to 2000 mm/year (Sevidzem et al., 2021). Cameroon is a major cattle
rearing region and supplier of livestock products to neighbouring countries
in the central African sub-region (Mamoudou and Sevidzem, 2017). The
major livestock rearing regions of Cameroon are the Far North, Adamawa,
North and North West (Mamoudou and Sevidzem, 2017).

The livestock population in Cameroon includes: 31 million poultry,
6 million cattle, 7 million small ruminants, one million pigs, 150000
donkeys and 15000 horses (FAO, 2015). The distribution of cattle
throughout the national territory is as such: 37.5% in the Far North,
33.9% in Adamawa, 11.6% in the North, 8% in the North West, 6.3% in
the East and 2.7% in the West (Moumini, 2011).

Entomological studies

Stomoxys trapping was conducted in eight administrative regions
from 2015 to 2017. Twenty eight sites were studied in the five main
AEZs of Cameroon; characteristics of each trap point, trap model, trap
numbers, time interval and trapping period are summarized in Table 1.
Four different blue-black cloth trap types such as Nzi, Vavoua, Biconical,
and MVT (Sevidzem et al., 2019a) were used. Due to the variation in
topography, limited number of traps, and personnel for monitoring, the
number of traps and trap types varied between sites. The localisation
of trap-points was conducted using a Global Positioning System (GPS)
handset (GPS eTrex®; Garmin (Europe) Ltd, Southampton, UK).
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Figure 1 Location of study area. (a) Map of Cameroon showing study regions and sampling sites; (b) Agro-ecological Zones.
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Table 1 Summary table for the description of trapping sites, trap types, trap numbers, time interval and trapping period in the main AEZs of Cameroon.

Administrative ~ Major cattle

N° of

SN AEZ region rearing regions Characteristics of trapping points Trap type Traps Time interval Trapping period
I Sudan savanna Far North X Marshy land around livestock drinking Nzi 20 20" of Marchto  Traps were set at 8 am
and grazing spots, Open grass Savanna and 6t of April 2015  and emptied at 6 pm.
Gallery forest
North X Game Reserve, River banks and livestock Vavoua, 39 27 of March to Traps set at 8 am and
grazing spots Biconical and Nzi 8t of March, 2015 emptied at 6 pm.
Il Rainforest Littoral Open forest, cattle grazing spots, humid and Vavoua, 18 6™ of January to  Traps were set at 6 am
closed forest with tall canopy trees Biconical and Nzi 9th of May 2017 and emptied at 6 pm.
Il Guinee savanna Adamawa X Lake Djalingo with open grass Savanna Vavoua, Biconical, 56 4™ of October Traps were set at 7 am
representing cattle grazing spots, Nzi and MVT 2016 to 18™ of and emptied at 6 pm.
forest- Savanna mosaic, River vina banks, June 2017
and gallery forest
v Mosaic forest East Gallery forests, cattle corrals and river banks Nzi and Vavoua 6 15™ of February ~ Traps were emptied after
representing animal drinking spots to26™and 15" of 24 hrs of exposition.
May to 26 2017
Center Livestock settlement areas Vavoua 30 24" Octoberto 1 Traps were set at 10 am
November 2017 and emptied at 4 pm.
South Human settlement areas, forest and Vavoua 30 9™ to 13% of July Traps were checked
mangrove 2016 every 7 am.
. X Open grass savanna-forest mosaic - I ey Traps were set at 7 am
V  Highland plateau  North West Biconical 5 2013 to 25% of

representing cattle grazing spots

May 2014 and emptied at 6 pm.

SN: site number; AEZ: agro-ecological zone; SODEPA: livestock production and exploitation corporation; x: major cattle rearing regions.

Fly identification

All specimens preserved in ethanol (Votypka et al., 2019) were
identified by the first author by using a stereo microscope (Carl Zeiss™
STEMI 2000-C). The identification of Stomoxyswas conducted following
the morphological identification key from Zumpt (1973). The Stomoxys
specimens are kept in insect boxes in the entomology unit of the Laboratoire
d’Ecologie des Maladies Transmissibles (LEMAT) Libreville, Gabon.

Determination of abundance

The abundance of trapped Stomoxyswas defined as their apparent
density, stated as the number of Stomoxys per trap per day (s/t/d)
(Sevidzem et al., 2015) as follows:

apr =€ )
NT x ND

Where:

ADT: Apparent density,

NSC: Number of Stomoxys captured,

NT: Number of traps,

ND: Number of trapping days

Statistical analysis

Stomoxys data was completed in Access (Microsoft) data bases
and joined to the trap point shape files produced from gpx files from
the GPS handset in ArcMap™ version 10.1, Geographic Information
System (GIS) software (Environmental Systems Research Institute, USA).
Data was analysed using the R statistical software (RStudio Team, 2020).
For the comparison test, a Kruskal-Wallis non-parametric test for the
initial detection of a significant difference in the Stomoxys abundance
among regions was used, followed by the Dunn post-hoc test with
Bonferroni correction, to account for multiple group comparison.
The significant level of all the tests was set to p<0.05.

Results

Stomoxys species occurrence and distribution across administrative
regions and AEZs

The present survey led to the collection of 77804 Stomoxys
specimens from 606 trapping points in 28 sites in eight regions of the
five AEZs of Cameroon. Stomoxys spp. were identified as Stomoxys
niger niger, S. calcitrans, S. niger bilineatus, S. xanthomelas, S. omega,
S. transvittatus, S. inornatus and S. sitiens. Stomoxys niger niger
and S. calcitrans were the only taxa present in most of the regions
(five to seven out of eight), while S. transvittatusand S. inornatus were
only encountered in the Guinean savanna of the Adamawa Plateau.
Stomoxys sitiens was very rare, only identified in the Sudan savanna
of the North region (Table 2).

At the species level, S. calcitrans is found in the Sudan savanna
of the North region in the livestock-human hunting grounds-wildlife
interface (Figure S1A). This species occurs in the Guinean savanna of
Adamawa in cattle settlement areas, in the rain forest zones of the
littoral, in the Highland Plateau of the North West around cattle grazing
land, and the mosaic forest of the South around the Game Reserve
(Campo Ma’an National Park). Stomoxys omega was encountered in
the Guinean savanna of the Adamawa Plateau; in the Rainforest near
the Game Reserve, and the Mosaic forest of the Littoral and South
regions respectively (Figure S1B). Stomoxys sitiens was only found in
the human hunting grounds of the Sudan savanna of the North region
(Figure S2A). Stomoxys xanthomelas was found in the gallery forests
of the Guinean savanna in Adamawa; in the palm oil plantation areas
of the Littoral region, and in the mangrove sites of the South region
(Figure S2B). Stomoxys niger niger was encountered in all the AEZs
(Figure S3A). Stomoxys niger bilineatus was found in the Sudan savanna
of the North around cattle grazing areas, in the Guinean savanna of
the Adamawa region around stables, in the Mosaic savanna of the East
and South regions (Figure S3B). Stomoxys transvittatus (Figure S4A)
and Stomoxys inornatus (Figure S4B) were only caught in the cattle
settlement areas of the Adamawa region (Table 2).
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Abundance

The overall mean apparent density of Stomoxys captured from
the different regions of Cameroon was 3.5 s/t/d. The highest ADT
range of 101 to 200 s/t/d was recorded in the Sudan savanna of the
Far North region. In the other regions the ADT range was 0 to 50 s/t/d
(Fig. 2).

There was a statistically significant difference (Kruskal-Wallis
Chi-squared = 103.51, df = 4, p<0.001) in the ADT of Stomoxys in the
regions. Additionally, the Dunn post-hoc test showed significant
differences between pairwise AEZ comparisons (Table 3; Table S1).
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Discussion

The Stomoxysfauna of Cameroon comprises eight taxa, with Stomoxys
niger nigerand Stomoxys calcitrans having the highest abundance and
distribution across the eight administrative regions and in key AEZs
of Cameroon. It is known that of the 18 known species of Stomoxys
flies, S. calcitrans is cosmopolitan, and studies on its biogeography
indicates that it followed human beings during their peregrinations
around the world; from tropical to continental climates (Zumpt, 1973;
Dsouli-Aymes et al., 2011). Its origin was probably the Oriental region
(Zumpt, 1973; Dsouli-Aymes et al., 2011) and not the Ethiopian region.

ADT

]
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a 100 200 Km

S T— 1:4 700 000

Figure 2 Stomoxys apparent density in the eight regions of Cameroon.

Table 2 Species number and composition in the main AEZs and regions.

AEZ Region n Sc Si Snb Snn So Ss St Sx
Guinean Savanna Adamawa 7 X X X X X X
Sudan Savanna North 4 X X X
Far North 1 X
Mosaic Forest East 4 X
South 5 X X
Center 1
Rain Forest Littoral 4 X X X X
Highland Plateau North West 2 X X

AEZ: agro-ecological zone; Snn: Stomoxys niger niger, Sc: Stomoxys calcitrans, Snb: Stomoxys niger bilineatus, Sx: Stomoxys xanthomelas; So: Stomoxys xanthomelas; St: Stomoxys transvittatus;

Si: Stomoxys inornatus; Ss: Stomoxys sitiens. (x): Stomoxys spp. Presence; n: number of species.

Table 3 Comparison of abundance of Stomoxys between agro-ecological zones/administrative regions.

Agro-ecological zone Region min max median mean Significance
Guinea savanna Adamawa 1 30 2 5.6 ab
Highland Plateau North West 0 5 1 17 ac
Mosaic forest East, South, Center 0 13 1 2.5 ac
Sudan savanna Far North 0 200 6.5 222 b
North 0 3 0 1.0 c

The Rainforest ecozone was dropped from the comparison due to a small sample size (2 observations). Matching letters means that there is no significant difference at the 0.05 threshold.
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Also, the frequency of S. niger nigerin the present collection was expected,
considering Zumpt (1973) report of the widespread distribution of this species
in tropical African settings. The frequent occurrence of both S. calcitrans
and S. n. niger was also reported in Cameroon (Sevidzem et al., 2016;
Mounioko et al., 2017; Fongho et al., 2019; Hiol et al., 2019; Sevidzem et al., 2022),
in neighbouring Gabon (Bitome-Essono et al.,2015; Mavoungou et al., 2017;
Mounioko et al., 2018; Sevidzem et al., 2019a), and neighbouring Nigeria
(Ahmed et al., 2005).

The eight taxa (S. calcitrans, S. niger niger, S. niger bilineatus,
S. xanthomelas, S. inornatus, S. transvittatus, S. sitiensand S. omega)
recorded for Cameroon was higher than that reported in studies from
neighbouring Gabon (8. calcitrans, S. niger niger, S. niger bilineatus,
S. xanthomelas, S. inornatus, S. transvittatus, and S. omega) and
Nigeria (8. calcitrans and S. niger niger), for which seven and two
taxa, respectively, were reported. Stomoxys sitiens was a rare finding
in the present study and has not yet been reported anywhere in the
sub-region. However, apart from its earlier identification in the North
region of Cameroon by the first author in 2015 (Sevidzem et al., 2016),
other reports indicate that S. sitiens has been recorded from many
areas in the Ethiopian region from Gambia to South Africa and Egypt,
however it is still rare in these collections (Dsouli-Aymes et al., 2011).
Additionally, it occurs in the Oriental region from India to the
Philippines, but again, specimens are rare, as found in studies from
Africa (Zumpt, 1973). The occurrence of this species in the Sudan
savanna of the North region of Cameroon is likely due to the long
period of study (three years of exhaustive and systematic trapping),
combination of different trap types, the presence of cattle and wild
animal hosts, and the conducive environmental conditions of this
region, which, presumably, favors its development and survival.
The Sudano-Sahelian climate has a mean annual monthly temperature
of 30°C and humidity of 84% that is closer to the ideal hatching mean
temperature (32°C) and mean humidity (90%) as well as the ideal adult
emergence mean temperature (27°C) and mean humidity (70%) for
S. sitiens reported by Issimov et al. (2020).

Regarding the species composition and abundance within the
regions of the different AEZs, the Guinean savanna of the Adamawa
region recorded the highest species number (seven species), which
aligns with a previous study on bionomics of symbovine dipterids
that reported high diversity of Stomoxys on cattle in the Adamawa
region (Lendzele et al., 2019). However, the highest abundance range
was recorded in the Sudan savanna of the Far North region. The
highest species diversity and density in the Adamawa and Far North
regions, respectively, could be explained by the fact that these regions
are primary livestock rearing areas of Cameroon (MINEPIA, 2013),
thereby providing the host (cattle) and fertile habitat (decaying grass
mixed with urine and faeces) for the development and proliferation of
Stomoxys. Additionally, the Sudano-Guinean climate of Adamawa has
an average annual monthly temperature of 29°C that is conducive for
the flight activity of adult Stomoxys. The study of Ahmed et al. (2005)
in neighboring Nigeria established that the ambient temperature to
get high catch of biting flies including S. calcitrans and S. n. niger was
22.8-24.1°C. The study of Sevidzem et al. (2019c) reported that the
diurnal temperature and air humidity range conducive for the flight
activity of Stomoxysin the Sudano-Guinean climate of Adamawa is 31°C
and 50%, respectively. The abiotic and biotic conditions of the Adamawa
region clearly indicates that Stomoxys can survive and develop in this
milieu, reason for high species richness in this region.

This study had some limitations as trapping was not conducted
in both seasons for all the study regions, and there were limited traps
(so different traps were used). Future studies will include seasonal
entomological and epidemiological surveys and trapping will be
conducted using same trap-type and numbers for the different regions
in order to get comparable data for Cameroon.

Conclusions

Eight taxa (Stomoxys niger niger, S. calcitrans, S. niger bilineatus,
S. omega, S. xanthomelas, S. inornatus, S. transvittatus and S. sitiens)
comprise the Stomoxysfauna of Cameroon with a heterogenous distribution
in the eight studied regions. Stomoxys calcitransand S. niger nigerwere
found in most of them, while Stomoxys sitiens was identified only in
the Sudan savanna of the North region. The Guinean savanna of the
Adamawa plateau recorded the highest number (seven out of eight) but
the Sudan savanna of the Far North region had the highest abundance
range (101 to 200 s/t/d). This study provided relevant information of
species abundance and distribution to further understand the potential
health risk for Cameroon livestock populations. Future investigations,
regarding the Stomoxys group, should be completed to identify and
characterize the pathogens they harbor and to establish their potential
epizootiological role in the different regions of Cameroon.

Acknowledgements

A big thanks to the Production Laitiére et d’Embouche Bovine
(PLEB) de Troua Belel, Cameroun, a non-governmental organization for
sponsoring the multiplication and field testing of the Modified Vavoua
Trap (MVT) in Cameroon. Authors are thankful to Prof. Gerard Duvallet
for correcting the first version of the manuscript.

Data statement

The data presented in this study are available on request from the
corresponding author.

Conflicts of interest

The authors declare no conflict of interest.

Author contribution statement

SSL, ABK, MA, MMMM, RMN, JFM conceived and supervised
the study. SSL and ABK undertook collection of field data and SSL
identified all the species. AAK, ABK and SSL constructed all the
Stomoxys distribution maps. SRM conducted statistical analysis. ABK,
SSL and SRM interpreted the data and wrote initial manuscript while
HB revised the subsequent drafts. All authors read and approved
the final manuscript for publication and remain in agreement on all
aspects of the work.

References

Ahmed, A.B., Okiwelu, S.N., Samdi, S.M., 2005. Species diversity, abundance
and seasonal occurrence of some biting flies in Southern Kaduna,
Nigeria. Afr. J. Biomed. Res. 8, 113-118.

Baldacchino, F, Muenvorn, V., Desquesnes, M., Desoli, F., Charoenviriyaphap,
T., Duvallet, G., 2013. Transmission of pathogens by Stomoxys flies
(Diptera, Muscidae): a review. Parasit. 20, 26.

Baleba, S.B.S., Torto, B., Masiga, D., Weldon, C.W., Getahun, M.N., 2019.
Egg-laying decisions based on olfactory cues enhance offspring
fitness in Stomoxys calcitransL. (Diptera: muscidae). Sci. Rep. 9, 3850.

Bitome-Essono, P.Y., Dechaume-Moncharmont, FX., Mavoungou, J.F.,, Mba,
R.O., Duvallet, G., Bretagnolle, F., 2015. Distribution and abundance
of hematophagous flies (Glossinidae, Stomoxys, and Tabanidae) in
two national parks of Gabon. Parasit. 22, 23.



6-7 S.S. Lendzele et al. [ Revista Brasileira de Entomologia 67(3):e20230023, 2023

Campbell,].B., Skoda, S.R., Berkebile, D.R., Boxler, D.J., Thomas, G.D., Adams,
D.C., Davis, R., 2001. Effects of stable flies (Diptera: Muscidae) on
weight gains of grazing yearling cattle. J. Econ. Entomol. 94, 780-783.

Dsouli-Aymes, N., Michaux, ]., Stordeur, E., Couloux, A., 2011. Global
population structure of the stable fly (Stomoxys calcitrans) inferred
by mitochondrial and nuclear sequence data. Infect. Genet. Evol.
11, 334-342.

Foil, L.D., Gorham, J.R., 2003. Mechanical transmission of disease
agents by arthropods. In: Eldridge, B.F.,, Edman ].D. (Eds.), Medical
Entomology. Kluwer, Dordrecht, pp. 461-514.

Fongho, S.P,, Njiokou, F,, Garabed, R., Mamoudou, A., Arabi, M., Malam,
A.T,, 2019. Etude préliminaire des vecteurs mécaniques potentiels
des trypanosomes animaux dans la région de I'Extreme Nord du
Cameroun. Rev. Elev. Méd. Vét. Pays Trop. 72, 133-136.

Food and Agriculture Organization of the United Nations - FAO,
2015. Strategic Plan for the Control of Foot-and-Mouth Disease in
Cameroon. FAO, Rome, 67 pp.

Hiol, V., Sieumeni, A.D., Mamoudou, A., Sevidzem, S.L., Njan-Nloga, A.M.,
Nukenine, E.N., 2019. Spatio-temporal dynamics of Glossinidae,
Tabanidae and Stomoxyidae around the Douala-Edea Wildlife
Reserve in Cameroon. Am. J. Entomol. 3 (2), 36-42.

Issimov, A., Taylor, D.B., Zhugunissov, K., Kutumbetov, L., Zhanabayev,
A., Kazhgaliyev, N., 2020. The combined effects of temperature and
relative humidity parameters on the reproduction of Stomoxys
species in a laboratory setting. PLoS One. 15, e0242794.

Lendzele, S.S., Eisenbarth, A., Koumba, C.R.Z., Mavoungou, ].F,, Renz, A.,
2019. Aspects of the bionomics of hematophagous symbovine dipterans
in a hyperinfested rangeland of Ngaoundere (Adamawa-Cameroon).
J. Asia Pac. Entomol. 22, 1019-1030.

Mamoudou, A., Mbanwei, M., Fongho, S.P,, Sevidzem, S.L., Farikou, O.,
Rebecca, G., Manchang, K., Achukwi, D.M., 2016. Tabanids (Diptera:
Tabanidae) fauna composition in different sites and biotopes of
Far-North, Cameroon. J. Biol. Nat. 6, 146-154.

Mamoudou, A., Sevidzem, S. L., 2017. Bovine trypanosomiasis
prevalence and its major vector density in the major cattle
rearing regions of Cameroon (Extreme North, North, Adamawa
and North West): past, current and future. In: Berhardt, L.V. (Ed.),
Advances in Medicine and Biology. Nova Science Publishers, Inc.,
New York, pp. 39-58.

Mamoudou, A., Ikoum, D., Sevidzem, S.L., Nloga, A.L.M.N., Sieumeni,
D.A., Mohammadou, B., Amo, A.D., 2020. Bovine trypanosomiasis
and vectors in Lom and Djerem Division of East-Cameroon. Afr. ].
Biol. Sci. 2 (3), 20-29.

Mavoungou, J.F, Mintsa, R.N., Acapovi, G.L., Koumba, R.Z., Mounioko,
F, Sevidzem, S.L., Ingrid, K.B., Gilles, ]., Duvallet, G., M’Batchi, B.,
Picard, N., 2017. Breeding sites of Stomoxys spp. (Diptera: Muscidae),
a preliminary study in the Makokou Region (North-East-Gabon).
Vector Biol. J. 2, 1.

Miller, RW., Pickens, L.G., Morgan, N.O., Thimijan, R.W., Wilson, R.L.,
1973. Effect of stable flies Diptera-Muscidae on feed intake and
milk-production of dairy-cows. J. Econ. Entomol. 66, 711-713.

Ministry of Livestock Fisheries and Animal Industries - MINEPIA, 2013.
MINEPIA Policy Document. MINEPIA, Yaoundé, 29 pp.

Moon, R.D., 2002. Muscid flies (Muscidae). In: Mullen, G., Durden, L.
(Eds.), Medical and Veterinary Entomology. Academic Press, San
Diego, pp. 279-303.

Moumini, A., 2011. Evolution et situation actuelle de I'élevage au
Cameroun. Rapport de synthése. MINEPIA, Yaoundé, 42 pp.

Mounioko, F., Mavoungou, ].E,, Zinga-Koumba, C.R., Engo, P.E., Koumba,
A.A., Maroundou, A.P., 2017. Etude preliminaire des vecteurs
mecaniques des trypanosomes dans la localite de Campo et ses
environs (Sud-Ouest du Cameroon). Faunistic Entomol. 70, 95-105.

Mounioko, F., Maganga, G. D., Mavoungou, J. F., Koumba, C. R. Z,,
Koumba, A. A., Sevidzem, S. L., Tamesse, . L., Gustave, S., M’batchi,
B., 2018. Molecular screening of Trypanosoma spp. in Glossina,
Stomoxys and tabanids in the Moukalaba Doudou National Park
(South-West, Gabon). World J. Vet. Sci. 6, 52-61.

Odeniran, P.0., Macleod, E.T., Ademola, I.0., Welburn, S.C., 2019. Molecular
identification of bloodmeal sources and trypanosomes in Glossina
spp., Tabanus spp., Stomoxys spp., trapped on cattle farm settlements
in South West Nigeria. Med. Vet. Entomol. 33, 269-281.

RStudio Team, 2020. RStudio: Integrated Development for R. Available
in: http://www.rstudio.com/ (accessed 5 July 2023).

Sevidzem, S.L., Mamoudou, A., Woudamyata, A.F, Zoli, P.A., 2015.
Contribution to the knowledge of eco-diversity and density of tsetse
(Glossinidae) and other biting flies (Tabanidae and Stomoxyinae)
in the fly controlled-infested livestock/wildlife interface of the
Adamawa plateau-Cameroon. J. Entomol. Zool. Stud. 3, 329-333.

Sevidzem, S.L., Mamoudou, A., Acapovi-Yao, G.L., Achiri, M., Tchuinkam, T.,
Zinga-Koumba, C.R., Mavoungou, J.E, 2016. First inventory of non-biting
and bitting muscids of North Cameroon. Int. Res. J. Biol. Sci. 5, 12-20.

Sevidzem, S.L., Koumba, C.R.Z., Acapovi-Yao, G.L., Mbatchi, B., Mavoungou,
J.E., 2019a. Comparative efficacy of unbaited modified Vavoua and
Nzi traps in the capture of S. niger niger M. 1851 and S. calcitrans
L. 1758 in Ngaoundere-Cameroon. Arch. Vet. Sci. Med. 2, 17-27.

Sevidzem, S.L., Affiri, O,J.M., Zinga-Koumba, C.R., Mounioko, F., Koumba,
A.A., Nguema, R.M., Acapovi-Yao, G.L., M’batchi, B., Mavoungou, ].F,
2019b. Abundance and diurnal activity rhythm of Stomoxys spp. in
a wildlife-human interface in Makokou (North East-Gabon). Asian J.
Res. Zoo. 2, 1-10.

Sevidzem, S.L., Mavoungou, ].F,, Zinga-Koumba, C.R., Koumba, A.A.,
Duvallet, G., 2019c. Factors influencing seasonal and daily dynamics
of the genus Stomoxys Geoffroy, 1762 (Diptera: Muscidae), in the
Adamawa Plateau, Cameroon. Int. J. Zool. 2019, 3636943.

Sevidzem, S.L., Mavoungou, ].F.,, Mintsa, N.R., 2019d. Veterinary
pharmaceuticals sold in cattle markets for the management of
foot-and-mouth disease and flies in Vina Division (Adamawa-Cameroon).
Dairy Vet. Sci. J. 10, 555782.

Sevidzem, S.L., Koumba, A.A., Yao-Acapovi, G.L., Mavoungou, J.F,, 2021.
A nationwide survey of the tabanid fauna of Cameroon. Parasit.
Vectors. 14 (1), 392.

Sevidzem, S.L., Nguema, R.M., Mavoungou, J.F.,, 2022. Diversity of
Stomoxys (Diptera: Muscidae) in the rangeland of Ngaoundere,
Adamawa Plateau in Cameroon. Trends Entomol. 18, 38-41.

Sevidzem, S.L., Burinyuy, K.A., Nguema, R.M., Mavoungou, ].F,, 2023.
Control of dipterids in a feedlot under construction in a forest area
of center region of Cameroon. Online J. Anim. Feed Res. 13, 23-29.

Taylor, D.B., Moon, R.D., Mark, D.R., 2012. Economic impact of stable
flies (Diptera: Muscidae) on dairy and beef cattle production.
J. Med. Entomol. 49, 198-209.

Votypka, ]., Brzomova, ], JeZek, ]., Modry, D., 2019. Horse flies (Diptera: Tabanidae)
of three West African countries: faunistic update, barcoding analysis
and trypanosome occurrence. Acta Trop. 197, 105069.

Zumpt, F,, 1973. The Stomoxyine Biting Flies of the World. Taxonomy,
Biology, Economic Importance and Control Measures. Gustav Fischer
Verlag, Stuttgart, 175 pp.



S.S. Lendzele et al. / Revista Brasileira de Entomologia 67(3):e20230023, 2023

Supplementary material

The following online material is available for this article:

Figure S1 - Distribution maps of S. calcitrans (A) and S. omega (B).

Figure S2 - Distribution maps of S. sitiens (A) and S. xanthomelas (B).

Figure S3 - Distribution maps of S. niger niger (A) and S. niger bilineatus (B).

Figure S4 - Distribution maps of S. transvittatus (A) and S. inornatus (B).

Table S1 - Supporting information showing the p-values for each comparison across AEZs.

7-7



