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Background:

Many zoonotic infectious diseases have emergedrewainerged over the last two decades
[1,2]. There has been a significant increase irtordaorne diseases due to climate variations
that lead to environmental changes favouring theld@ment and adaptation of vectors [3-5].
This study was carried out to improve knowledgéhefecology of mosquito vectors involved

in the transmission of Rift Valley fever virus (RV)in Senegal.

M ethods:

Study area

Three localities, Diama, Dandé Mayo Loboudou (DMbY Younouféré, were selected in the
SRD, SRV and Ferlo ecosystems, respectively (Fig.These sites had all been affected
recently by RVF outbreaks [6,7]. Diama (164R4’'N, 16°2331.68'W), is a small village on
the bank of the SRD located 28 km east of the toWw&t-Louis. The main human activities
are agriculture and animal breeding. Traditionainfag methods are used and herders
practice transhumance. DML is a village (153%867"N, 15°5622.2"W) in SRV located 6 km
from Keur Momar Sarr (KMS) town, near Guiers La&r,important fresh water reserve. The
village belongs to a sylvo-pastoral area locatechadiately south of the river valley and
occupying part of the Sahelian and Sudano-Sahedigion. Extensive farming/pasturage is
the main production system in the area. Younouférbage (15°1608.7"'N and
14°2752.5"W) is located in Ferlo. It is surrounded byadinmamlets composed of only a few
houses. The area is characterized by a semi-appastand many temporary ponds that are
filled by run-off water. These ponds are the manrse of water for humans and animals
during the rainy season [8,9], and are also impotteeeding sites for mosquitoes. The Ferlo
region is an important transhumance point for lige (cattle and small ruminants) coming
from Mauritania; the livestock proceed south at lbleginning of the rainy season and move

north during the dry season.
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Fig. 1. Location of the three sampling sites in north&emegal. Top-right corner: Senegal map and argatefest (in
yellow). Main figure: triangles represent main t@Anillages nearby the sampling sites, while firtles correspond to the
sampling points. Bottom-right corner figure: det#ithe positions of the three sampling points suNMoufere

Coallection of meteorological data

Local veterinarian officers, who routinely colledily rainfall data using rain gauges located
in each location, provided the rainfall data. Terapge and relative humidity were collected
on each site every hour of every day throughoutyder 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 aibZuring the rainy season (from July
to November). Every month, mosquitoes were traghetg two consecutive nights (from 6
PM to 6 AM) in each study site using CO2-baited Cligf@t traps (BioQuip # 2836Q-6VDC,
Rancho Dominguez, USA) placed outdoors. Two trapeevset per site at a height of about
1.5 m from the ground: one close to a natural wadent (river, lake or pond); another close
to a livestock pen. The distance between the waerce and livestock pen varied from 100
to 800 m depending on the site. In the field, tresquitoes collected were killed by freezing
in dry ice, sorted by genus on a chill table, put® or 50 ml centrifuge tubes/cryo- tubes and
transported in dry ice (-80 °C) to the laboratoryere they were identified according to sex
and species on a chill table (-20 °C) using morpgichl keys [10,11].



Statistical analysis

To characterize the different populations of RVFsouato vectors, ecological variables were
used as predictors. Thus for each site, the fotigvimdices were calculated: (i) the ecological
indices of composition: total (S) and average (Spgcies richness, total (N) and relative
(AR%) abundance, frequency of occurrence or congtén%); and (ii) the ecological indices
of structure: Shannon-Weaver diversity index’)(Hnaximum diversity index (Hmax),
Simpson’s diversity index (1-D) and equitabilitydex (E). Non-parametric Kruskal-Wallis,
Mann Whitney-Wilcoxon tests, and principal compadseamnalysis (PCA) were used to assess
differences in species abundances and meteorologemeameters (temperature, relative
humidity and rainfall) between localities and captypoints. The Pearson’s correlation test
was used to exclude strongly correlate@ ©.9) variables from the analysis. A generalized
linear mixed model (GLMM) was used to assess tfecebf climatic variables [temperature
(mean of capture day), relative humidity (mean &tare day) and rainfall (mean andmax.
from 6 to 7 days prior to the capture event)] orsquito abundances; site and date of capture
were considered as random effects. The collecteéd det on the mosquitoes’ temporal
abundances was randomly divided into a trainingaedta test set. The training set was used
to build the model and the test set to validatebébst model based on the Akaike information
criterion (AIC) [12] for each species. A randomesxion was performed and 2/3 (67%) of the
entire data set was assigned to the training skl (33%) to the test set. All of the analyses
were carried out with R software [13], Ime4 packfb¥ was used to fit the GLMM, ade4
package [15] to fit the PCA and vegan package {a &} the ecological indices.

Results:

A total of 355,408 mosquitoes belonging to 7 gerard 35 species were captured in 200
night-traps. RVFV vectors represented 89.02% of ttital, broken down as followsAe.
vexans arabiensis (31.29%),Cx. poicilipes (0.6%), Cx. tritaeniorhynchus (33.09%) andvia.
uniformis (24.04%). Comparison of meteorological indicesnfedl, temperature, relative
humidity), abundances and species diversity (Tapladicated that there were no significant
differences between SRD and SRV (P = 0.36) whildoFghowed significant differences
(Fig. 2) with both (P < 0.001).
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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 correspending abundance (logarithmic scale); each color correspond to a vector species.
Abbreviations: SRD, Senegal River Delta; SRV, Senegal River Valley

Mosquito collection increased significantly withntperature for Ae. vexans arabiensis (
0.001), Cx. tritaeniorhynchus (P=0.04) and Ma. amifis (P=0.01), while Cx. poicilipe
decreased (P = 0.003). Relative hdity was positively and significantly associatedhaine
abundances of Ae. vexans arabiensis (P < 0.001), poicilipes (P = 0.01) and C
tritaeniorhynchus (P = 0.007). Rainfall had a pesiand significant effect on the abundan
of Ae. vexans arabnsis (P = 0.00; (Table 3). The typef biotope (temporary ponds, riv
or lake) around the trap points had a significdiféot on the mosquito abundances (I
0.001).

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 81,514 30,808 108475 8551
Total richness (S) 22 21 18 19 23 23
Average richness (Sm) 9.85 9.55 86 835 357 382
Maximum diversity (H" max) 4459 4392 4.169 4.247 4523 4523
Shannon index (H") 1.037 1.087 1.318 133 0254 0332
Simpson’s index (1-D) 0446 0427 0.346 0.34 0921 0.898
Equitability index (E) 0233 0.247 0316 0313 0.056 0.073
AR (%) Ae. vexans arabiensis 0 0012 0 0.097 96.19 79.04
Cx. poicilipes 0.235 0.767 0974 1.252 0.165 1.251
Cx. tritaeniorhynchus 57.581 5294 46.1 3357 0228 1.064
Ma. uniformis 32.306 36659 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




Table 3 Poisson-GLMM abundance model used for each of the four potential RVFV vectars

Regression coefficient SE Z-value P-value

Ae. vexans arabiensis

Intercept -23.08933 48033 -4.807 1.53e-06

Termnperature (mean of capture day) 05979 015218 3.929 8.53e-05

Humidity (mean of capture day) 0.08697 0.02454 3543 0.000395

Rainfall (mean from 6 to 7 days prior to the capture event) 007836 002837 2.762 0.005737
Cx. poicilipes

Intercept 11.06897 5.24993 2.108 0035

Termnperature (mean of capture day) -0.54716 0.18934 -289 0.00385

Humidity (mean of capture day) 006626 002797 2.369 001783
Cx. tritaeniorhynchus

Intercept -5.88329 327343 -1.797 007229

Ternperature (mean of capture day) 0.20359 0.10256 1977 0.04800

Humidity (mean of capture day) 004447 001672 2659 0.00783
Ma. uniformis

Intercept -9.380981 5716084 -1.641 0.1008

Ternperature (mean of capture day) 0242669 0.099457 244 00147

Humidity (mean of capture day) -0.010763 0019884 -0.541 0.5883

Rainfall (max from 6 to 7 days prior to the capture event) 0005822 0.00669 087 0.3842

Abbreviation: SE standard error

Conclusions:

In terms of species diversity, the SRD and SRV gstesns are simir to each other an
different from that of Ferlo. Meteorological ind&c@and the type of biotope (river, lake

temporary pond) have significant effects on thenalamce of RVFV mosquito vectc
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