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Abstract

To determine the influence of water table rising on mosquitoes’ ecology, we carried out an entomological
monitoring, throughout 72 sampling locations in three different areas at Niamey city. Mosquitoes were
collected using insecticides spray and light traps. Specimen were morphologically identified and,
abundance and diversity parameters were estimated using PAST software. A total of 3,609 specimens
were identified, belonging to four genera: Culex (69.74%), Anopheles (29.68%), Aedes and Mansonia
(<1% each). Species richness varied from 3 to 5 and abundance was found high, around 45% in the
flooded areas while it was four times lower in the non-flooded site (10.11%). B diversity indexes
indicated that flooded sites are markedly similar and homogeneous (8=0.11) and strongly associated with
Anopheles and Culex abundance during rainy and cold seasons, respectively. These results suggested that
water table rising and resulting waterholes could play a key role in increasing vector-borne diseases
transmission.
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1. Introduction

In addition to being highly exposed and vulnerable to climate change impacts ™ 2, Sub-
Saharan African countries are dealing one of the highest population growth rate of 2.7% per
year compared to other parts of the world where the rate varies from 0.3 to 1.8% [ 4. As a
result, the urban process is intensifying 71, and this would impact the dynamics of water
reservoirs, including groundwater aquifers, illustrated by rising water tables which caused
flooding by resurgence phenomenon B, One assumes that high population growth coupled
with rapid urbanization would increase flooding risks over time [2 31 Previous
hydrogeological studies carried out in Niamey city, have highlighted the rising water table
phenomenon due to favourable rainfall conditions as well as of urbanization impact on
vegetation cover, thereby changing the rainwater redistribution and impacting groundwater
recharge [10 1514161 |n the city, upwelling-induced resurgence can be observed in many areas,
especially in depressions and valleys where several living quarters and houses are now flooded
all year round [ 10 141 By the way, some of these have even been abandoned by their
occupants 19 71 However, floods systematically result in the formation of whether permanent
or temporary waterholes, which represent suitable microhabitats for the development of
various and varied pests ['81 including disease-carrying insects %23, The well-known and
documented genera insect vectors in Niamey are Culicidae including Anopheles genus
grouping human malaria vector species 281 also involved in filariasis and arboviruses’
transmission . Previous studies have shown that, the high abundance and diversity of
Culicidaen species are mainly observed along the Niger River, in some areas where sewage
drainage channels still remain open and/or in the districts located in the lowlands of Niger
River valleys watersheds 27 %1, But the rising water table and floods phenomena it causes, as
observed in some of living quarters and houses, would affect mosquitoes’ proliferation in
terms of both diversity and abundance. This is not without negative impact on population
health. So, the aim of the present study is to determine how
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rising water table and its corollaries increase the risk of
diseases transmission in areas affected by the phenomenon.

2. Materials and Methods

2.1. Study Sites: Entomological monitoring was carried out
through three different sites all located in Niamey city (Figure
1). Two of them, Sonuci and Daressalam are along a Valley
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watershed named Gunti Yena, from upstream to downstream.
They were also permanently flooded due to the water table
rising and rainwater falls. As for the third one (Karsamba), it
is also located on the same valley watershed but has different
hydroclimatic conditions from those observed at the two other
sites. Indeed, the site is never flooded so, we considered it as a
control site.
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Fig 1: Location of the study sites (S| =SONUCI;DM = Daressalam;KA = Karsamba) and sampling locations.

2.2. Mosquitoes sampling and morphological identification
Data collecting campaigns were conducted over a 9-month
period, from October 2020 to June 2021, including the three
seasons of the year: the dry season, divided in cold and hot
and the rainy season. Mosquitoes were collected using two
distinct methods according to previously described methods:
Pyrethrum Spray and Light traps BY. For sampling, 24
compounds were randomly selected for each site. These
include 20 for Pyrethrum Spray and 4 for Light traps. Each
compound was prospected three times due to one collect per
season and each collect include 3 trap-nights.

To collect endophilic mosquitoes, we used Pyrethrum Spray
method which consists of indoors spraying insecticide,
typically pyrethroids, early in the morning. Prior to spraying,
all flat surfaces were covered with white sheets making it
easier to collect all residual mosquitoes that would fall under
the insecticide effect, 15 minutes after spraying.

Light traps were used mainly to detect species composition
and abundance as well as endophilic/exophilic rates. So, 2
light traps (one indoor and the other one, outdoor) were
systematically set in each compound. traps were set in the
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evening but activated at nightfall and checked the following
morning.

All captured mosquitoes were collected and preserved in Petri
dishes for subsequent identification and other analysis.
Collected specimens were identified morphologically using
required identification keys [2 31 They were observed
through a binocular microscope and grouped by genus,
species and sex according to their own morphological traits.
We used also Xper2 software, which is a plate-form dedicated
to taxonomic descriptions and computer-aided-identification.

2.3. Data analysis

Specimens were enumerated using total counts, to determine
species richness and abundance, o and B diversity index, this
for overall sample, by species and site subsampling. We used
PAST software, version 4.03 ¥ to calculate, o % and p 36
index, respectively referred to describe species diversity
within  community  (richness) and between species
communities (similarity) as the amount of differentiation for
the latter, the assumption is that more p value increases, more
species similarity between 2 communities, is low.
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3. Results

3.1. Species composition and their relative abundance

A total of 3,609 mosquitoes were collected and examined
during the study period. Five species of mosquitoes were
identified belonging to four genera: Anopheles, Aedes, Culex
and Mansonia (Table 1). Anopheles (An. gambiae s.l., An.
rufipes) and Aedes species (Ae. Aegypti), were
unambiguously identified while Culex and Mansonia species
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were not so, they were combined into a single group. Our
results show that relative abundance varied significantly (Chi2
= 6757, df = 4, p-value < 0.001) by species. Thus, the most
abundant were Culex sp. (69.7%) and Anopheles gambiae s.1.
(29.7%), almost representing 99% of total abundance.
Consequently, other species (Mansonia sp., Ae. aegypti and
An. rifupes) all put together represent less than 1% (Table 1).

Table 1: species composition and their relative abundance observed overall the sample. N = Number of individuals

Genus Species N Abundance (%) | Chi2 ddi p-value
Aedes Aedes. aegypti 6 0.17
Anopheles Anopheles. gambiae 1071 29.68
Anopheles. rufipes 5 0.14 6757 4 <0.001
Culex Culex.sp 2517 69.74
Mansonia Mansonia.sp 10 0.28

In terms of species composition, we found a significative
difference (Chi2 = 403, df = 8, p-value < 0.001) between
sites. In addition to being the most abundant, Culex sp. and
An. gambiae s.l., were found common for all sampled sites
(Table 2). However, Anopheles rifupes and Mansonia sp.
were found only at flooded sites: Sonuci and Daressalam. As
for Aedes aegypti, it has been absent from one flooded site

(Daressalam) but observed at the other one (Sonuci) and the
control site (Karsamba). Overall abundance was significantly
difference (p < 0.001) between sites. It was particularly high
for flooded sites respectively Dar Salam (47.63%) and Sonuci
(42.26%) while it was four times lower in the control,
Karsamba (10.11%).

Table 2: Species distribution per sampled site

Localities Stats
Species Daressalam Karsamba Sonuci Chi2 ddl p-value
Aedes aegypti 0 2 4
Anopheles gambiae 275 77 719
Anopheles rufipes 4 0 1 403 8 <0.001
Culex.sp 1432 286 799
Mansonia.sp 8 0 2
1719 365 1525

3.2. Seasonal dynamics of species abundance

Our results showed that species abundance dynamics was
closely related to seasons with different specific-patterns.
Thus, for Anopheles and Aedes species, high abundances
seem to be associated with the rainy season for all sampled
sites (p < 0.001). As for Mansonia and Culex, their

abundances were observed mainly during the cold season,
except for Sonuci site, where Culex was more abundant
during the rainy season (p < 0.001). Finally, for all species
and at all sites, low abundances were found associated to the
hot season (Table 3).

Table 3: Seasonal variations of species distribution (presence/absence) and abundance (number of individuals) per site.

Season Stats

Localities Species Rainy Cold Hot N Test p-value
Aedes aegypti 0 0 0
Anopheles. gambiae 156 117 2

Daressalam Anopheles.rufipes 4 0 0 1719 |Fisher’stest| <.001
Culex.sp 183 1239 10
Mansonia.sp 0 8 0
Aedes aegypti 2 0 0
Anopheles. gambiae 70 7 0

Karsamba Anopheles.rufipes 0 0 0 365 | Fisher'stest| <.001
Culex.sp 121 160 5
Mansonia.sp 0 0 0
Aedes aegypti 4 0 0
Anopheles. gambiae 693 25 1

Sonuci Anopheles.rufipes 1 0 0 1525 ¥ test <.001
Culex.sp 498 297 4
Mansonia.sp 0 2 0
Aedes aegypti 6 0 0
Anopheles. gambiae 919 149 3

Overall Anopheles.rufipes 5 0 0 3609 |Fisher'stest| <.001
Culex.sp 802 1696 19
Mansonia.sp 0 10 0

73


https://www.dipterajournal.com/

International Journal of Mosquito Research

3.3. Mosquitoes communities’ diversity: No significant
difference found between sites in terms of species richness
even though it varied from 3 to 5 species (Table 4) with an
average of 4 species overall the sampled sites. Diversity was
also weak within sites;a Mg ranged from 0.34 to 0.55. and no
significant difference between sites (P = 0.23).

https://www.dipterajournal.com

The average value of similarity index across all the sites (8 =
0.25) reflected a high similarity between sites sharing 75% of
species richness so, each species was observed in at least two
different sites whatever the period considered.

Table 4: species richness, abundance and diversity indexes

Localities Stats
Index Daressalam Karsamba Sonuci Test p-value
Richness_[S] 4 3 5 .
o [Margalef] 0,40 0,34 0,55 Fisher’s test 0.23
B [Whittaker] 0,25

Similarity index values obtained per pairs of sites, suggested
that the flooded sites (Sonuci & Dar Es Salaam) were
obviously the most similar (B = 0.11). Compared to the

flooded sites, the control (Karsamba) was less similar with
Dar Es Salaam (B = 0.42) than Sonuci (8 = 0.25) (Figure 2).
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Fig 2: Heatmap of Whitaker beta diversity values, illustrating the similarity/dissimilarity per pairs of sites

4. Discussion

The present study aimed to determine the impact of rising
water table phenomenon on mosquitoes’ diversity and
abundance in urban areas of Niamey city, Niger. Over the
study period and across all sites, 3,609 mosquitoes were
collected and identified, representing four genera and five
species which are already known as common and typical
Culicidean fauna of Niger . Among these, Culex sp. was
the most abundant representing 69.7% of total abundance,
followed by Anopheles with 29.7%. The other species
(Mansonia sp., Ae. aegypti and An. rifupes) all put together
represent less than 1%.

It is well-known and fairly common that Culex and Anopheles
would be the most abundant species in urban Culicidean fauna
as documented by several studies but in most of cases, Culex
are more abundant than Anopheles 7 37 3l However, the
opposite situation where Anopheles was more abundant than
Culex, may also be observed. For instance, it was observed
73.9% and 83.61% for Anopheles vs 21.9% and only 10.50%
for Culex respectively at Madagascar % and in Sudan's White
Nile state (%, Such higher abundances could be attributed to
two main factors. First, as it known, waterholes serve as
potential breeding sites of mosquitoes, thereby facilitating the
completion of pre-imaginal stages [“* %2, Second, considering
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the physico-chemical characteristics of waterholes resulting to
the less developed sewerage system in Niamey city, which are
typically stagnant and polluted in short, whatever preferred by
Culex [, As for Anopheles gambiae, favorite gites are clear
stagnant water and well oxygenated M2 and this, is very
common especially in upwelling areas that are permanently
flooded and continuously renewed as it is the case for Sonuci
and Daressalam sites [0 24 As evidenced by species
abundance patterns observed from one season to another,
previous argument is reinforced by finding that high densities
of Culex were recorded during cold season while for
Anopheles, their high abundances were found associated with
the rainy season. Indeed, in the rainy season, water inflows
are more important and regular, contributing to make water
less polluted and therefore, more favourable for Anopheles
development.

In contrast, the very low abundance observed for Aedes
appears unusual as it has been shown that Aedes species
abundances tend to increase of 9.5% globally 3 although,
there is evidence that abundance of Aedes mosquitoes is
closely linked to precipitation in addition to vary by region,
season, and species to their abundance 1. The low
abundance recorded for Aedes could be related to the trapping
method we used, CDC Light traps while recent studies have
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reported that Aedes seem to be better captured with BG
Sentinel traps than CDC Light traps 15471,

Our results showed that species abundances varied
significantly (p<0,001) between flooded and non-flooded
sites respectively characterized by high (about 90%) and low
(10%) abundances. It was not found significant variations
between sites, with regard to species richness and a diversity
index but, the similarity index revealed a greater similarity
between flooded sites than with the non-flooded one. These
results indicated that flooding led to increased mosquitoes’
abundance do to their specific environmental conditions,
particularly the availability of stagnant water which consist of
breeding sites as discussed above. The diversity parameters,
although not significant, provide interesting information in
terms of species richness and diversity considering the site
status flooded vs non-flooded. The latter, when compared
with cited literature results, both similarities and discrepancies
emerge. Our results are thus consistent those were found at
Algerian wetlands characterized by very high mosquitoes
abundance 8, But, diverge from those of Gabonese wetlands
where it was recorded lower diversity indexes [,

We found that, the most abundant species in flooded areas of
Niamey city, are Culex sp. (69.97%) and An. gambiae
(29.31%) which are well known for their epidemiological
roles, in particular An. gambiae, the main vector of malaria in
Niger 24 27. 28, 501 These findings suggest that populations
living in these areas, are potentially most exposed to vector-
borne diseases such malaria, filariasis as well as arboviruses.
These results highlight the importance of considering the
diversity of wetlands in mosquito vectors control which, must
necessarily integrate environmental as determining factors to
enhance our understanding on underlying mechanisms of
these observations.

5. Conclusion

Our results showed that species richness and abundance as
well as diversity were higher in flooded than non-flooded
areas. Another significant achievement of the study was that
Anopheles gambiae s.I. and Culex sp. were found strongly
associated with flooded sites mainly during rainy and cold
seasons, respectively. These results highlighted the crucial
role of waterholes resulting of groundwater rising, as major
has risk factors for vector-borne disease transmission in the
affected areas. Understanding these dynamics is essential to
effectively guide prevention and control strategies against
vector-borne diseases such as Malaria.
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