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Abstract

Background: Many zoonotic infectious diseases have emerged and re-emerged over the last two decades. There
has been a significant increase in vector-borne diseases due to climate variations that lead to environmental changes
favoring the development and adaptation of vectors. This study was carried out to improve knowledge of the ecology
of mosquito vectors involved in the transmission of Rift Valley fever virus (RVFV) in Senegal.

Methods: An entomological survey was conducted in three Senegalese agro-systems, Senegal River Delta (SRD),
Senegal River Valley (SRV) and Ferlo, during the rainy season (July to November) of 2014 and 2015. Mosquitoes were
trapped using CDC light traps set at ten sites for two consecutive nights during each month of the rainy season, for a
total of 200 night-traps. Ecological indices were calculated to characterize the different populations of RVFV mosquito
vectors. Generalized linear models with mixed effects were used to assess the influence of climatic conditions on the
abundance of RVFV mosquito vectors.

Results: A total of 355,408 mosquitoes belonging to 7 genera and 35 species were captured in 200 night-traps. RVFV
vectors represented 89.02% of the total, broken down as follows: Ae. vexans arabiensis (31.29%), Cx. poicilipes (0.6%), Cx.
tritaeniorhynchus (33.09%) and Ma. uniformis (24.04%). Comparison of meteorological indices (rainfall, temperature,
relative humidity), abundances and species diversity indicated that there were no significant differences between SRD
and SRV (P=0.36) while Ferlo showed significant differences with both (P < 0.001). Mosquito collection increased
significantly with temperature for Ae. vexans arabiensis (P < 0.001), Cx. tritaeniorhynchus (P = 0.04) and Ma. uniformis (P= 0.
01), while Cx. poicilipes decreased (P=0.003). Relative humidity was positively and significantly associated with
the abundances of Ae. vexans arabiensis (P < 0.001), Cx. poicilipes (P=0.01) and Cx. tritaeniorhynchus (P=0.007).
Rainfall had a positive and significant effect on the abundances of Ae. vexans arabiensis (P=0.005). The type
of biotope (temporary ponds, river or lake) around the trap points had a significant effect on the mosquito
abundances (P < 0.001).

Conclusions: In terms of species diversity, the SRD and SRV ecosystems are similar to each other and different from
that of Ferlo. Meteorological indices and the type of biotope (river, lake or temporary pond) have significant effects on
the abundance of RVFV mosquito vectors.
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Background

Many human and animal infectious diseases with major
impacts on public and veterinary health have emerged or
re-emerged over the last two decades [1-3]. Rift Valley
fever (RVF) is endemic in many African countries and
represents a real threat for European countries. Rift Valley
fever virus (RVFV) is an emerging arbovirus considered to
be a major public and veterinary health problem. Out-
breaks in Africa [4-6] and the Arabian Peninsula [7-9]
have had huge economic repercussions in terms of animal
deaths and economic losses in the affected countries [10,
11]. RVF is a barrier to economic development in coun-
tries where the population is mostly rural and livestock
play an important role in their economies. The recent
RVF emergence and re-emergence are related to genetic,
biological, environmental, climatic, political, economic,
demographic and social factors [12-16].

Since the 1987 epidemic in Mauritania, many serological
and entomological studies have been conducted in Senegal
and the results have highlighted the frequent circulation
of RVFV [17-20]. In East Africa, particularly in Kenya,
the epidemiological patterns of RVF are different from
those described in West Africa, particularly in Senegal. In
Kenya, several RVF outbreaks have been linked to pro-
longed heavy rainfall, whereas in Senegal, outbreaks usu-
ally occur during years of normal or poor rainfall [18, 21,
22]. The main East African RVFV vectors are Ae.
ochraceus and Aedes mcintoshi [23-25], while in West
Africa the main vectors are Ae. vexans arabiensis, Ae.
ochraceus and Cx. poicilipes [17, 26, 27].

RVF is endemic in Senegal, especially in the North
(Ferlo) [19, 28], and the transmission of the virus is sea-
sonal with a peak at the end of the rainy season. This sea-
sonality and the persistence of the virus during inter-
epizootic periods may be explained by two possible mecha-
nisms: (i) each year, the virus is introduced into the area at
the beginning of the rainy season by transhumant herds
coming from neighboring regions to the North and South;
(ii) the virus may survive in the area in Aedes’ diapausing
eggs [29] from the previous rainy season and in overwinter-
ing Culex populations [30]. RVFV mosquito vectors are nu-
merous and they change depending on the ecosystems
involved. In Ferlo ecosystems, Ae. vexans arabiensis and
Cx. poicilipes are the main vectors [18, 27, 31]. Culex poici-
lipes has been considered widely to be the sole major RVFV
vector in the Senegal River Valley (SRV) and Senegal River
Delta (SRD) [17]. However, Fall et al. [32, 33] have shown
that Cx. poicilipes is not among the most abundant species
in these areas. More specifically, they have shown that Cx.
tritaeniorhynchus and Ma. uniformis are the most
abundant species during the rainy season.

This study focused on three sites in northern Senegal
representing different ecosystems, namely Ferlo (temporary
ponds), SRV and SRD (permanent watercourses). Mosquito
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population dynamics and composition are strongly affected
by the water bodies present in a given area: around tempor-
ary ponds, the population dynamics are strongly seasonal,
with a peak of abundance occurring when rainfall incidents
are separated by several dry days; around rivers and lakes
mosquitoes populations are constant over the year and rep-
resent an unfavorable environment for Aedes. This study
aimed to understand the relationship between vector
dynamics and climatic and environmental factors by deter-
mining the ecological indices of composition and structure
of the Culicidae fauna in different ecosystems, comparing
the seasonal dynamics of the four most abundant spe-
cies which are potential vectors of RVFV (Ae. vexans
arabiensis, Cx. poicilipes, Cx. tritaeniorhynchus and
Ma. uniformis) and quantifying the effects of climatic
and environmental factors.

Methods

Study area

Three localities, Diama, Dandé Mayo Loboudou (DML)
and Younouféré, were selected in the SRD, SRV and
Ferlo ecosystems, respectively (Fig. 1). These sites had
all been affected recently by RVF outbreaks [5, 34].
Diama (16°12°41.4"N, 16°23°31.6"W), is a small village
on the bank of the SRD located 28 km east of the town
of St-Louis. The main human activities are agriculture
and animal breeding. Traditional farming methods are
used and herders practice transhumance. The climate is
semi-arid with low rainfall (between 100 and 500 mm/
year) during the rainy season (July—October) and a long,
nine-month dry season [35]. DML is a village (15°56°
51.7"N, 15°56'22.2"W) in SRV located 6 km from Keur
Momar Sarr (KMS) town, near Guiers Lake, an import-
ant fresh water reserve covering nearly 0.5 km” [36].
The village belongs to a sylvo-pastoral area located im-
mediately south of the river valley and occupying part of
the Sahelian and Sudano-Sahelian region. Extensive
farming/pasturage is the main production system in the
area [36]. Younouféré village (15°16'08.7"N and 14°27°
52.5"W) is located in Ferlo. It is surrounded by small
hamlets composed of only a few houses. The hamlets of
Diaby (15°17'18.1"N, 14°29'07.9"W), Demba Djidou (15°
16'53.6"N, 14°27'04.8"W) and Nacara (15°13'23.1"N, 14°
26'18.8"W) were selected as the study sites. The area is
characterized by a semi-arid steppe and many temporary
ponds that are filled by run-off water. These ponds are
the main source of water for humans and animals during
the rainy season [26, 37], and are also important breed-
ing sites for mosquitoes. The Ferlo region is an import-
ant transhumance point for livestock (cattle and small
ruminants) coming from Mauritania; the livestock
proceed south at the beginning of the rainy season and
move north during the dry season.
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Collection of meteorological data

Local veterinarian officers, who routinely collect daily rain-
fall data using rain gauges located in each location,
provided the rainfall data. Temperature and relative
humidity were collected on each site every hour of every
day throughout the year using a data logger (HOBO U10
Temp / RH Data Logger, West Sussex, United Kingdom).

Sampling and processing of entomological data

An entomological survey was conducted in 2014 and
2015 during the rainy season (from July to November).
Every month, mosquitoes were trapped during two
consecutive nights (from 6 PM to 6 AM) in each
study site using CO2-baited CDC light traps (BioQuip
# 2836Q-6VDC, Rancho Dominguez, USA) placed out-
doors, This type of trap is used routinely for sampling
arbovirus mosquito vectors [18, 31, 37]. Two traps were
set per site at a height of about 1.5 m from the ground:
one close to a natural water point (river, lake or pond);
another close to a livestock pen. The distance between the
water source and livestock pen varied from 100 to 800 m
depending on the site. In the field, the mosquitoes
collected were killed by freezing in dry ice, sorted by genus
on a chill table, put in 15 or 50 ml centrifuge tubes/cryo-
tubes and transported in dry ice (-80 °C) to the laboratory
where they were identified according to sex and species
on a chill table (-20 °C) using morphological keys [38, 39]
and identification software [40—42].

Statistical analysis
To characterize the different populations of RVF mosquito
vectors, ecological variables were used as predictors. Thus

for each site, the following indices were calculated: (i) the
ecological indices of composition: total (S) and average
(Sm) species richness, total (N) and relative (AR%)
abundance, frequency of occurrence or constancy (C%)
[8]; and (ii) the ecological indices of structure: Shannon--
Weaver diversity index (H'), maximum diversity index (H
" max), Simpson’s diversity index (1-D) and equitability
index (E) [43—-46]. Since our data were not normally dis-
tributed [47], non-parametric Kruskal-Wallis [49], Mann-
Whitney-Wilcoxon tests [48, 49], and principal compo-
nents analysis (PCA) were used to assess differences in spe-
cies abundances and meteorological variables (temperature,
relative humidity and rainfall) between localities and capture
points. The Pearson’s correlation test was used to exclude
strongly correlated (r>0.9) variables from the analysis. A
generalized linear mixed model (GLMM) [50] was used to
assess the effect of climatic variables [temperature (mean of
capture day), relative humidity (mean of capture day) and
rainfall (mean and max. from 6 to 7 days prior to the capture
event)] on mosquito abundances; site and date of capture
were considered as random effects [51]. The collected data
set on the mosquitoes’ temporal abundances was randomly
divided into a training set and a test set. The training set was
used to build the model and the test set to validate the best
model based on the Akaike information criterion (AIC) [52]
for each species. A random selection was performed and 2/3
(67%) of the entire data set (see Additional file 1: Table S1)
was assigned to the training set and 1/3 (33%) to the test set.
All of the analyses were carried out with R software [53],
Ilme4 package [50] was used to fit the GLMM, ade4 package
[54] to fit the PCA and vegan package [55] to fit the eco-
logical indices.
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Results

Species composition and abundances

A total of 355,408 specimens belonging to seven genera
(Aedes, Aedeomyia, Anopheles, Culex, Culiseta, Mansonia
and Uranotaenia) and 35 species were captured in 200
night-traps in the three ecosystems (Table 1). RVFV vec-
tors represented 89.02% of the total species captured. The
total was broken down as follows: Cx. tritaeniorhynchus
(33.1%), Ae. vexans arabiensis (31.3%), Ma. uniformis
(24.0%) and Cx. poicilipes (0.6%). In the ecosystems of
SRD and SRV, characterized by permanent watercourses,
Cx. tritaeniorhynchus was the most abundant species,
accounting for 54.8% of the total capture in SRD and
42.7% in SRV, Ma. uniformis accounted for 34.9 and
38.0%, respectively while Cx. poicilipes (0.55 and 1.05%,
respectively) and Ae. vexans arabiensis (0.01 and 0.03%,
respectively) were very rare. In the Ferlo ecosystem, Ae.
vexans arabiensis was the most abundant species
(94.98%), while Cx. tritaeniorhynchus, Cx. poicilipes and
Ma. uniformis represented 0.29, 0.24 and 0.003%, respect-
ively, of the mosquitoes captured.

Mosquito species diversity and richness

The ecosystem of SRD presented the highest species diver-
sity with S =27 species collected during the two years
(average Sm=9.7 +0.21 per species and H' max=4.43 +
0.05 bits), followed by the Ferlo ecosystem (S =26 species,
Sm = 3.7 + 0.2 species and H' max = 4.52 bits), and SRV (S
=22 species, Sm=8.5+0.2 species and H' max=4.21 +
0.05 bits). However, according to the diversity index (H’),
SRV was the most diversified ecosystem (H' = 1.318 bit for
2014 and 1.33 bit for 2015) followed by SRD (H' =1.037
and 1.087 bit, respectively) and Ferlo (H' = 0.254 and 0.332
bit, respectively). This trend was verified by the Simpson’s
diversity index (Table 2). Independently of the year and the
ecosystem, the values of equitability (E) approached zero,
reflecting an unbalanced population dominated by only
one species: Cx. tritaeniorhynchus in SRD and SRV and Ae.
vexans arabiensis in the Ferlo area. Comparing the eco-
logical indices of composition and structure (Table 2) for
Diama (SRD) and DML (SRV), we found that there was no
significant difference (W =895.5, P=0.36) in abundances
and species diversity for the two sites. However, mosquito
abundances and diversity in the Ferlo area were signifi-
cantly different from those of SRD (W =4453, P <0.001)
and SRV (W =4299, P < 0.001). The same was observed for
the abundances of RVF mosquito vectors (Ae. vexans
arabiensis, Cx. poicilipes, Cx. tritaeniorhynchus and Ma.
uniformis) in the three ecosystems. These test results were
supported by a principal components analysis (PCA) whose
first four axes contained 80.24% of the total inertia. With a
permutation test (P < 0.001), the variance of the interclass
analysis (between sites) explains 11.58% of PCA variance,
against 88.42% for intraclass analysis (between trap points
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or biotopes), showing that the effect of the biotope was
more important on mosquito abundances and diversity
than the effect of the site.

Seasonal dynamics of RVFV mosquito vectors

Mosquito dynamics showed significant seasonal differences.
In fact, non-parametric Kruskal-Wallis and Mann-
Whitney-Wilcoxon tests have shown that the abundances
of mosquitoes changed significantly over the study period
(Y* = 3241, df =4, P<0.001) and between ecosystems (* =
97.77, df = 2, P < 0.001). Depending on the year, a significant
difference was observed in mosquito abundances; there
were more mosquitoes in 2014 than in 2015 (Table 1) al-
though there was more rainfall in 2015 (258.4, 301.9 and
292.3 mm in SRD, SRV and Ferlo, respectively) than in
2014 (704, 147.1 and 246.2 mm, respectively). Thus while
Aedes species, in particular Ae. vexans arabiensis, were only
present in Ferlo in 2014, they were present in all three eco-
systems during the 2015 rainy season (Fig. 2, Table 1).
Culex poicilipes, Cx. tritaeniorhynchus and Ma. uniformis
were present in the three ecosystems throughout the two
years, albeit with very different abundances (Fig. 2, Table 2).
Aedes vexans arabiensis appeared at the beginning of the
rainy season and reached peaks of abundance in August
(2014) and September (2015) in the three ecosystems
(Fig. 2) but abundances decreased considerably moving
North. Culex poicilipes populations appeared during the
second half of the rainy season and reached a peak in Sep-
tember in the Ferlo area and in October in SRD and SRV
(Fig. 2). Unlike Ae. vexans arabiensis, Cx. poicilipes abun-
dances increased considerably moving North. On the other
hand, the population abundance of Ma. uniformis and Cx.
tritaeniorhynchus remained unchanged during the rainy
season (Fig. 2).

Effects of climate variables on the abundance of RVFV
mosquito vectors

Results from the GLMM (Table 3) showed that
temperature (mean of capture day), relative humidity
(mean of capture day) and rainfall (mean from 6 to
7 days prior the capture event) were significantly related
to the abundances of Ae. vexans arabiensis populations
(P <0.005). The daily average of relative humidity increased
abundances of Cx. poicilipes populations (P =0.017) while
the temperature decreased abundances (P =0.003).
Temperature had a positive and significant effect on the
abundance of Cx. tritaeniorhynchus (P=0.048) and Ma.
uniformis populations (P = 0.014). An increase in the abun-
dance of Ma. uniformis was observed when there was heavy
rain (max. rains from 6 to 7 days prior the capture event)
but the effect was not significant (P = 0.384). The daily aver-
age of relative humidity increased the abundance of Cx.
tritaeniorhynchus (P =0.007) and decreased those of Ma.
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Table 1 Number of mosquitoes collected for each sampling site in 2014 and 2015

SRD SRV Ferlo Total
Species Diama DML Diaby Djidou Nacara

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Aedes aegypti 0 1 0 1 9 7 10 6 1 0 20 15
Ae. argenteopunctatus 0 0 0 0 0 1 0 3 0 0 0 4
Ae. circumluteolus 0 0 0 0 0 0 3 0 0 0 3
Ae. fowleri 0 0 0 0 1 0 0 15 0 0 1 15
Ae. mcintoshi 0 0 0 0 1028 2 63 51 2 8 1093 61
Ae. minutus 0 0 0 0 0 0 0 3 0 0 0 3
Ae. ochraceus 0 0 0 0 734 92 28 41 9 33 771 166
Aedes spp. 0 0 0 0 1 0 16 51 9 1 26 52
Ae. sudanensis 0 2 0 2 140 63 52 50 1" 10 203 127
Ae. vexans arabiensis 0 9 0 30 85,653 3720 15,164 2512 3535 582 104,352 6853
Aedeomyia africana 359 458 2 2 1 0 0 0 0 0 343 460
Anopheles brunnipes 46 0 0 0 0 0 0 0 0 0 46 0
An. domicola 8 0 1860 573 0 0 0 0 0 0 1868 573
An. flavicosta 0 0 0 1 0 0 0 0 0 0 0 1
An. freetownensis 1 0 0 0 0 0 0 0 0 0 1 0
An. funestus 0 3 483 201 1 0 1 0 0 1 485 205
An. gambiae 14 16 3 0 8 4 1 6 2 3 28 29
An. pharoensis m 143 249 40 17 16 6 6 3 3 382 208
An. rufipes 4 6 19 44 49 68 3 19 0 6 74 143
Anopheles spp. 6 120 50 5 48 3 1 15 1 7 116 150
An. squamosus 3 4 1 0 1136 22 23 28 18 2 1181 56
An. wellcomei 2 0 35 50 0 0 0 0 0 0 37 50
An. ziemanni 3579 3602 8964 3853 29 82 1 58 0 32 12,213 7764
Culiseta spp. 5 0 0 0 0 0 0 0 0 0 5 0
Culex antennatus 68 2334 748 915 15 8 0 1 0 1 827 3259
Cx. bitaeniorhynchus 0 0 0 0 4 557 22 38 0 30 26 625
Cx. decens 46 75 1 1 1 17 4 23 0 0 52 100
Cx. neavei 70 6 2152 25 2 0 10 0 9 3 2220 34
Cx. perfuscus 362 439 0 0 0 0 0 0 0 0 358 439
Cx. poicilipes 120 581 791 386 18 50 46 1 115 56 1065 1074
Cx. quinquefasciatus 43 31 254 27 0 4 3 2 0 0 295 64
Cx. sitiens 304 39 1 0 0 0 0 0 0 0 305 39
Culex spp. 5 2 24 0 39 4 2 22 3 7 73 35
Cx. theileri 0 1 0 0 0 3 0 0 0 0 0 4
Cx. tritaeniorhynchus 29400 40,080 37,580 10,341 165 13 33 54 31 24 67,085 50,512
CX. univittatus 1 3 6 9 43 14 0 8 0 2 50 36
Cx. ventrilloni 4 0 0 0 0 0 0 0 1 0 5 0
Mansonia uniformis 16,495 27,754 28,299 14,302 2 2 2 0 0 0 43,392 42,053
Uranotaenia spp 1 1 0 0 2 0 0 0 0 0 3 1
Ur. unguculata 1 0 0 0 0 0 0 0 0 0 1 0
Subtotal 51,058 75,707 81,514 30,808 89,144 4750 15,494 2997 3760 813 240,333 115,075

Total 126,119 112,330 93,894 18,491 4573 355,408
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Table 2 Ecological indices of composition and structure by study site in 2014-2015

Locality Diama (SRD) DML (SRV) Younouféré (Ferlo)
Year 2014 2015 2014 2015 2014 2015
Abundance (N) 51,058 75,707 81514 30,808 108,475 8551
Total richness (S) 22 21 18 19 23 23
Average richness (Sm) 9.85 9.55 86 835 357 3.82
Maximum diversity (H" max) 4459 4392 4169 4247 4523 4523
Shannon index (H') 1.037 1.087 1318 133 0.254 0332
Simpson’s index (1-D) 0446 0427 0.346 0.34 0.921 0.898
Equitability index (E) 0.233 0.247 0316 0313 0.056 0.073
AR (%) Ae. vexans arabiensis 0 0.012 0 0.097 96.19 79.04
Cx. poicilipes 0.235 0.767 0.974 1252 0.165 1.251
Cx. tritaeniorhynchus 57.581 52.94 46.1 3357 0228 1.064
Ma. uniformis 32.306 36.659 34.71 4642 0.003 0.02
C (%) Ae. vexans arabiensis 0 20 0 25 68.33 61.66
Cx. poicilipes 75 65 90 70 16.66 15
Cx. tritaeniorhynchus 100 100 100 95 56.66 25
Ma. uniformis 100 100 100 95 6.666 1.66

Abbreviations: AR relative abundance, C frequency of occurrence or constancy

uniformis even if the effect was not significant (P = 0.588).
The type of biotope (river, lake or ponds) has significant
effect on the mosquito abundances (P < 0.001) and explains
88.42% of PCA variance.

Discussion

We studied the dynamics of Culicidae mosquito com-
munities in three different ecosystems during the same
period for two consecutive years, using ecological indices
of composition and structure, comparative dynamics,

PCA and linear regression models. To the best of our
knowledge, this is the first time that such an approach
has been used in West Africa to compare ecological dy-
namics of the same species of mosquitoes in different
ecosystems which have recently experienced RVF out-
breaks [5, 34]. Aedes vexans arabiensis and Cx. poicilipes
have been identified as the main RVFV vectors in Ferlo
[17, 31, 56]; Cx. tritaeniorhynchus and Ma. uniformis are
highly suspected to be involved in RVFV transmission in
SRD and SRV because of their abundance [32, 33] and
frequent infections with RVFV [9, 37].

Ferlo

Species —— Ae. vexans —+— Cx. poicilipes —=— Cx. tritaeniorhynchus ——

SRD

Ma. uniformis

7102

Log(abundance + 1)
So

sloz

months

Fig. 2 Seasonal population dynamics of RVF mosquito vectors in northern Senegal per year (row) and site (column). On the x-axis we report the
time (months) of mosquitoes’ capture; on the y-axis the corresponding abundance (logarithmic scale); each color correspond to a vector species.
Abbreviations: SRD, Senegal River Delta; SRV, Senegal River Valley
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Table 3 Poisson-GLMM abundance model used for each of the four potential RVFV vectors
Regression coefficient SE Z-value P-value

Ae. vexans arabiensis

Intercept -23.08933 4.8033 -4.807 1.53e-06

Temperature (mean of capture day) 0.59791 0.15218 3929 8.53e-05

Humidity (mean of capture day) 0.08697 0.02454 3.543 0.000395

Rainfall (mean from 6 to 7 days prior to the capture event) 0.07836 0.02837 2762 0.005737
Cx. poicilipes

Intercept 11.06897 5.24993 2.108 0.035

Temperature (mean of capture day) -0.54716 0.18934 -2.89 0.00385

Humidity (mean of capture day) 0.06626 0.02797 2.369 0.01783
Cx. tritaeniorhynchus

Intercept -5.88329 3.27343 -1.797 0.07229

Temperature (mean of capture day) 0.20359 0.10296 1977 0.04800

Humidity (mean of capture day) 0.04447 0.01672 2659 0.00783
Ma. uniformis

Intercept -9.380981 5.716084 -1.641 0.1008

Temperature (mean of capture day) 0.242669 0.099457 244 0.0147

Humidity (mean of capture day) -0.010763 0.019884 -0.541 0.5883

Rainfall (max from 6 to 7 days prior to the capture event) 0.005822 0.00669 0.87 0.3842

Abbreviation: SE standard error

Our study shows that Cx. tritaeniorhynchus and Ma.
uniformis were the most abundant and dominant species
in SRD and SRV. These observations are similar to those
of Fall et al. [32, 33] in Ross Béthio (SRD) and those of
Diallo et al. [56] along the SRV for Ma. uniformis. Culex
poicilipes was poorly represented in our study (0.55% for
SRD and 1.05% for SRV), while in Diallo et al. [56] this
species was the most represented (41%). These
observations could be explained by the fact that Cx.
tritaeniorhynchus and Ma. uniformis breed generally in
fresh and permanent waters colonized by aquatic plants,
while Cx. poicilipes prefers less contaminated waters.
Our results show more species than Fall et al. [32] in
SRD (28 species vs 12 species) and less species than
Diallo et al. [56] in SRV (22 species vs 41 species). In
relation to Fall et al. [32], the difference may be attrib-
uted to the type of trap used: the previous studies used
animal-baited traps that are host-specific trapping
methods [32, 57], while we used CDC traps that are
more generic and collect the majority of the mosquito
species in a given area. In relation to the study by Diallo
et al. [56], an entomological surveillance project in SRV,
the three field works involved covered a larger area than
our study.

With regard to Culicidae diversity, we identified 25
mosquito species in Ferlo, similar to that found by previ-
ous studies in the area. In terms of abundance, Ae.
vexans arabiensis represented 95% of the catches and
Cx. poicilipes only 0.24%. These observations are in

contrast with those of Talla et al. [58] who found that
Cx. poicilipes was the most abundant species. It is
known that rainfall affects the abundance of this species
[59]. We can assume that changes in the rainfall and
temperature conditions between the two study periods
could have impacted the abundance. Differences in the
physico-chemical characteristics of the type of breeding
sites also might explain this difference [31].

The ecological indices of composition (S, Sm, N, AR %
and C %) and the principal components analysis show
that the ecosystems of SRD and SRV have similar ento-
mological and meteorological characteristics; they differ
from the Ferlo ecosystem in terms of abundance and
species diversity. In the SRD and SRV ecosystems, mos-
quito communities are mainly dominated by Cx.
tritaeniorhynchus and Ma. uniformis while in the Ferlo
ecosystem, Ae. vexans arabeinsis is dominant. The same
ecological indices showed significant differences in mos-
quito abundance and diversity across the three zones,
suggesting that these ecological zones are potential risk
areas for RVF transmission and circulation. The same
conclusion has been drawn by Arum et al. [25] on the
abundance of RVF mosquito vectors along livestock
movement routes in the northeastern and coastal
regions of Kenya.

The ecological indices of structure, 1-D and the most
commonly used H' [60], together with E index, show
that the three ecosystem conditions are adverse to the
development of mosquito communities. The low level of
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H’ (< 3) gives an indication of the ecological state of the
environment. According to Simboura & Zenetos [61],
the three ecosystems are all heavily polluted. This may
further explain the low abundances of Cx. poicilipes
whose larvae usually develop in sites full of erect vegeta-
tion where water is soft and little polluted. According to
our observations, independent of the year and ecosys-
tem, the values of equitability index (E) approached zero
[62], thus reflecting an unbalanced population, domi-
nated by only one species [44, 45]: Cx. tritaeniorhynchus
in SRD and SRV and Ae. vexans arabiensis in Ferlo. This
imbalance can be related to the fluctuations of the
climatic parameters, e.g. rainfall directly affecting
mosquitoes’ biology.

In SRD and SRV, two ecosystems with permanent
watercourses, a scarcity of Aedes mosquitoes limits their
role in RVF epidemiology. In these areas, Culicidae
fauna are dominated by Culex, whose population per-
sists throughout the year, and the transmission of RVFV
could be continuous with peaks corresponding to high
abundances of Culex vectors. SRV and SRD are grazing
areas. During transhumance, susceptible and infectious
individuals (humans and animals) can gather in these
two areas. Combined with the high abundance of
mosquitoes, increased transmission can trigger local
outbreaks. Moreover, the possible transovarial transmis-
sion described in Aedes [29] and Culex mosquitoes [30]
could explain the maintenance of RVFV in the two
areas. The ecology of RVFV in these ecosystems depends
on both the bioecology of the vector and the characteris-
tics of the hosts (their susceptibility to RVE, their mobil-
ity and their adaptability to environmental conditions).
Due to their abundances, their populations’ stability dur-
ing the rainy season (population size slowly changes dur-
ing the season) and their association with RVFV [9, 37],
Cx. tritaeniorhynchus and Ma. uniformis can be consid-
ered as potential RVFV vectors in SRD and SRV during
the rainy season. This is in contrast to the conclusions
by Diallo et al. [17] who identified Cx. poicilipes as the
main RVF vector in SRV.

Population dynamics of the mosquitoes in the three
study areas were significantly different. In pond sys-
tems of Ferlo, Ae. vexans arabiensis appeared at the
first rains and reached the peak of abundance around
the middle of the rainy season (August-September),
while Culex, in particular Cx. poicilipes, made their
appearance and reached their maximum in
September-October. In the permanent watercourse
systems of SRD and SRV, Cx. tritaeniorhynchus, Cx.
poicilipes and Ma. uniformis reached their peak of
abundance at the end of the rainy season. These ob-
servations are in agreement with those of Diallo [63]
and Mondet et al. [59, 64] in Barkedji, and those of
Fall et al. [32] in Ross Béthio.
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The influence of climatic conditions on the bioecology of
arbovirus vectors has been previously documented [65—
67]. We highlighted the complex relationship between
rainfall and abundance for Ae. vexans arabiensis. Many
studies have suggested that the first wintering rainfalls and
those immediately after long rainless periods have a posi-
tive influence on Ae. vexans arabiensis’ abundance [65, 68].
However, more recent studies suggested that the abun-
dance of Ae. vexans arabiensis is not only influenced by
rainfall [31]. The mean temperature and the relative hu-
midity have a direct and positive effect on the biology of
Ae. vexans arabiensis. This is further supported by labora-
tory studies which confirm the influence of varying tem-
peratures on the development of Ae. albopictus [69]. On
the other hand, the daily mean temperature has a negative
effect on the abundance of Cx. poicilipes and remains the
most influential factor on the biology of this species, as ob-
served in other studies [16]. The current study shows that
the dynamics of Cx. tritaeniorhynchus and Ma. uniformis
were positively associated with temperature (both species)
and humidity (for Cx. tritaeniorhynchus) which concurs
with Fall et al [32]. They showed that Cx
tritaeniorhynchus ~ dynamics were correlated  with
temperature and relative humidity, and the vector density
reached the minimum when humidity and temperature
were below 55% and 20 °C, respectively.

Our study presents some limitations that we plan to
overcome with future fieldwork. One of the limitations
is the study’s timeline which was focused on the rainy
season. Yet some mosquito species (and potential RVFV
vectors) reach their peak of abundance after the rainy
season (such as Cx. poicilipes). This study did not con-
sider the effects of anthropogenic factors on mosquito
abundance that are known to play a major role in the
spread of RVFV. Future studies should collect information
about land and water use, husbandry practices, livestock
movements and landscape changes [using satellite-derived
environmental indices Normalized Difference Vegetation
Index (NDVI) and Normalized Difference Water Index
(NDWTI)] in the surroundings of the trap and use this in-
formation as predictors for mosquito abundance. Finally,
this study focused only on the entomological/ecological
component of RVFV transmission, identifying potential
RVEV vectors in the ecosystems. To strengthen the
conclusions, future entomological work should be coupled
with vector competence studies and serological/
virological analyses of sentinel herds in the traps’
surroundings.

Conclusions

This study contributes to existing knowledge regarding
the relationship between RVF vector dynamics and
drivers in northern Senegal. This information is critical
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when planning surveillance and prevention activities in
Senegal, and in many African countries, where resources
are limited. In terms of abundance and species diversity,
there are no significant differences between SRD and
SRV, while Ferlo shows significant differences with the
other two ecosystems. Environmental and climatic
factors significantly affect the abundance of RVF
mosquito vectors.
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