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Abstract 

The proliferation of mosquitoes in urban and peri-urban areas is a major public health problem in Senegal, particularly 
in the department of Saint-Louis, where ecological conditions and human activities favour their development. This study 
aims to analyse the spatio-temporal distribution of mosquito breeding sites and to assess the influence of physico-
chemical parameters on larval abundance. Three surveys were conducted in each municipality of the Saint-Louis 
department during the 2024 rainy season. Larval habitats were characterised, larval densities measured and physico-
chemical parameters (temperature, pH, conductivity and salinity) analysed. A total of 143 larval habitats were identified 
between August and October 2024, of which 128 were positive for larvae, including both natural and artificial habitats. 
Seven species of Culicidae belonging to the genera Anopheles, Aedes and Culex were identified. Anopheles and Culex 
larvae were mainly associated with natural breeding sites such as ponds, puddles and watercourses, while Aedes 
dominated artificial breeding sites of anthropogenic origin, particularly tyres and domestic containers. Urban and peri-
urban areas (Saint-Louis and Gandon) had the highest larval diversity, linked to human density, agricultural activities 
and inadequate sanitation systems. Rural areas (Mpal, Fass Ngom and Ndiebène Gandiol) showed lower diversity but a 
high proportion of artificial domestic breeding sites. Physicochemical analysis reveals a preference of Culex for alkaline 
and eutrophic waters, Aedes for low-mineralised fresh waters, while Anopheles shows broad ecological tolerance. These 
results highlight the importance of integrated management of larval breeding sites in vector control strategies. 
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1. Introduction

Mosquitoes (Culicidae) are among the main vectors of infectious diseases worldwide. Three genera dominate in the 
transmission of these diseases: Anopheles, Aedes and Culex. These species exploit a wide variety of larval habitats, 
ranging from natural environments (ponds, puddles, backwaters) to anthropogenic water collections [1]. Some of these 
species cause serious vector-borne diseases such as malaria, dengue fever, chikungunya, yellow fever, Rift Valley fever 
and lymphatic filariasis [2]. These diseases are now a major global public health issue. According to the latest report 
from the World Health Organisation [3], malaria affected approximately 263 million people in 2023, causing nearly 597 
000 deaths. In the same year, there were an estimated 500 000 cases of chikungunya (400 deaths), while in 2024, 
dengue fever reached a record 14.6 million cases worldwide, resulting in more than 12 000 deaths. The African 
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continent remains the region most severely affected, with the highest morbidity and mortality rates. In Senegal, several 
epidemics of dengue fever and yellow fever have been reported in recent years in various regions, including Saint-Louis 
[4]. More recently, in September 2025, the first cases of Rift Valley fever have been recorded in this same region [5]. 
This resurgence of epidemics illustrates the increased vulnerability of northern Senegal, particularly the department of 
Saint-Louis, to emerging vector-borne diseases. This situation can be explained in part by the ecological and climatic 
characteristics of the region, which provide favourable conditions for mosquito proliferation. Variations in temperature, 
salinity and pH of surface waters influence the specific composition and spatial distribution of larvae [6,7]. In addition, 
recurrent flooding, inadequate sanitation, rapid urbanisation, soil salinisation and the intensification of human activities 
contribute to the diversification of available larval habitats [8,9]. In this context, the implementation of effective vector 
control strategies relies on in-depth knowledge of the bioecology and population dynamics of mosquitoes. However, 
recent data on these aspects remain limited in the Saint-Louis region. Thus, the present study aims to determine the 
spatio-temporal distribution and characterise the physico-chemical parameters of mosquito breeding sites in the 
department of Saint-Louis (Senegal). 

2. Materials and methods 

2.1. Study area 

The study was conducted in the department of Saint-Louis, located in northern Senegal between 16°00'00'“N latitude 
and 16°27'00”' W longitude. It is bordered to the north by the department of Dagana, to the south and east by the region 
of Louga, and to the west by the Atlantic Ocean. It covers an area of approximately 19 010 km². Its climate, which is 
Sahelian in type, is dominated by maritime trade winds and is characterised by three seasons: a hot and humid rainy 
season from July to September; a cool dry season from October to March; and a hot dry season from April to June. The 
department currently has five municipalities: Saint-Louis, Gandon, Ndiébène Gandiol, Fass Ngom and Mpal. These 
localities are distinguished by their hydrological diversity, with floodplains, temporary ponds and basins that favour 
the proliferation of mosquitoes. The municipality of Saint-Louis, characterised by flat terrain (1.7–2.8 m above sea level) 
and sandy formations of varying texture, is highly vulnerable to flooding linked to the Senegal River [10,11]. The 
municipalities of Gandon and Ndiébène Gandiol benefit from a dense hydrographic network influenced by the river and 
its tributaries, while Fass Ngom remains poorly drained. This geomorphological and hydrological configuration gives 
the area a complex character and marked exposure to river and coastal dynamics [12].  

2.2. Survey and characterisation of larval habitats 

The study was carried out in three phases corresponding to the beginning (end of August), middle (end of September) 
and end (end of October) of the 2024 wintering season. In each municipality, all localities were surveyed in order to 
identify and characterise mosquito larval habitats. Each larval habitat listed was geolocated using a positioning system 
(GPS). The surface area of the shelter was estimated in order to classify it into two categories: small shelters (< 10 m²) 
and large shelters (> 10 m²). The presence or absence of larvae was systematically checked. The nature of the breeding 
site was characterised according to its origin (natural or artificial) and type (tyre, pond, bucket, ditch, barrel, basin, etc.). 
The nature of the breeding site was also specified as permanent or temporary, and the surrounding land use was 
classified into four categories: housing, pasture, road or natural vegetation. The physical and chemical parameters of 
the water in each breeding site were measured using a ZSRHH 5-in-1 multi-parameter device, which determined 
electrical conductivity (EC), pH, salinity and temperature. 

2.3. Sampling and measurement of larval densities 

Mosquito larvae were sampled using the standard dipping technique with a ladle and a 350 ml container [13]. In 
breeding sites larger than 10 m², ten samples were taken from eight areas, with two additional samples taken from the 
most representative areas. In breeding sites smaller than 10 m², six samples were taken from four points, with 
repetitions in the most representative areas. The water collected was poured into a tray with a white bottom for 
counting the larvae, then returned to the shelter before each new sample was taken. In small containers (tyre tracks, 
tyres, puddles, buckets), when the total volume exceeded 350 ml, the entire volume of water was sampled and three 
successive sub-samples of 350 ml were taken. However, when the volume of water was less than 350 ml, it was 
considered as a single sample. Anopheles larvae were counted separately, while Culicinae (Aedes and Culex) larvae were 
counted together. The distinction between the Aedes and Culex genera was made after microscopic identification. The 
average larval density (larvae/dip) was calculated by dividing the total number of larvae by the number of samples 
taken. Larvae and nymphs were collected using a net, sorted into groups: one group comprised Culicinae (Aedes and 
Culex) and the other comprised only Anophelinae, then each group was preserved in absolute ethanol. Each bottle was 
labelled with the date, genus, municipality and location of collection. 
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2.4. Identification of larvae  

The pupae were kept in perforated plastic jars and transported to the laboratory of the Faculty of Health Sciences at 
Gaston Berger University in Saint-Louis (UGB) for emergence. The emerged Aedes adults were collected using a mouth 
aspirator and then exposed to −5 °C for five minutes. They were then stored in Eppendorf tubes containing silica gel 
separated by fine cotton wool. Morphological identification of larvae and adults was carried out using the identification 
keys for Culicidae in Senegal [14] and the illustrated dichotomous keys for the identification of female mosquitoes and 
larvae (Diptera: Culicidae) [15]. The morphological identification of Aedes adults was confirmed by qPCR, while 
Anopheles larvae were identified by PCR. 

2.5. Statistical analyses 

The collected data were entered and processed using Microsoft Excel 2021 to calculate specific frequencies and describe 
the habitats according to their characteristics (type, nature, size and vegetation cover). Correlations between the 
proportion of larval genera and the physical and chemical parameters of the breeding sites were analysed using R 
software (version 4.3.2), with a significance threshold set at p < 0.05. The geographical distribution of larval breeding 
sites in the department of Saint-Louis was mapped using QGIS-OSGeo4W software (version 3.40.4).  

3. Results 

3.1. Typology and frequency of mosquito breeding sites 

In the department of Saint-Louis, a total of 143 breeding sites were identified, distributed unevenly among the 
municipalities: 86 breeding sites in the municipality of Saint-Louis (80 positive and 6 negative), 38 in Gandon (32 
positive and 6 negative), 10 in Ndiébène Gandiol (9 positive and 1 negative), 6 in Mpal (4 positive and 2 negative) and 
3 positive breeding sites in Fass Ngom. These breeding sites have been identified and divided into 15 distinct categories. 
These include 37 ponds, 34 puddles, 11 streams, 5 buckets, a canary, 8 basins, 11 barrels, 3 concrete tanks, 9 tyre tracks, 
a bottle, 9 gutters, an in-ground swimming pool, 6 septic tanks, a brick and 6 abandoned tyres (Figure1). 

 

Figure 1 Abundance of the types of habitats studied in the department of Saint-Louis 

Figure 2 shows the different types of larval habitats recorded in the five municipalities of Saint-Louis.  
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Figure 2 Images of the different types of accommodation surveyed 

Table 1 shows that these types of accommodation do not have the same frequency in every municipality. The 
municipalities of Saint-Louis and Gandon stand out for their high diversity of shelters, with 12 types recorded in each, 
while Ndiébène Gandiol has 8, Mpal 4 and Fass Ngom only 3. In Saint-Louis, the shelters are mainly natural, dominated 
by puddles (34%), ponds (29%) and streams (11%), reflecting the marked influence of local hydrological conditions. 
However, in Gandon, the distribution of habitats is more balanced between natural and artificial habitats: ponds (26%) 
coexist with anthropogenic habitats such as barrels (16%) and basins (13%). In the municipalities of Ndiébène Gandiol, 
Fass Ngom and Mpal, artificial habitats clearly predominate. Barrels account for 30% of habitats in Ndiébène Gandiol, 
while in Fass Ngom, basins (34%), tyres (33%) and canaries (33%) are the most common. In Mpal, tyres make up the 
majority of habitats observed (50%).  

Table 1 Frequency and distribution of the types of accommodation studied according to municipality 

Characteristics of larval habitats Saint-Louis Gandon                        Ndiébène  Gandiol Fass Ngom Mpal 

Percentage of larval habitats (%) (%) (%) (%) (%) 

 

 

 

 

Ponds 29% 26% 10% - 16% 

Puddles 34% 8% 10% - 17% 

Streams 11% 5% - - - 

Basins 1% 13% 10% 34% - 
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Types of larval habitats Barrels 2% 16% 30% - - 

Gutters 6% 5% 20% - - 

Tyres 1% 3% - 33% 50% 

Septic tank 4% 8% - - - 

Concrete tank - 5% 10% - - 

Buckets 1% 5% 10% - 17% 

Tracks 9% 3% -  - 

Canaries - - - 33% - 

Bottles - 3% - - - 

Swimming pool 1% - - - - 

Brick 1% - - - - 

Nature of larval habitats Natural 69,7 39,5 40 - 33,3 

Artificial 30,3 60,5 60 100 66,7 

Characters Permanent 33,7 36,8 30 66 0 

Temporary 66,3 63,2 70 34 100 

Presence of vegetation  Yes 31,4 26,3 - - 16,7 

No 68,6 73,7 100 100 83,3 

In terms of time, Figure 3 shows a notable evolution in the typology of roosts that was highlighted during the three 
wintering periods. At the beginning of the season, natural roosts, mainly ponds (38%) and puddles (15%), clearly 
dominated. Although a relatively wide variety of artificial shelters were recorded during this period, their frequency 
remained low, with the exception of barrels, which also accounted for 15% of the shelters identified. From the middle 
of the rainy season onwards, increased rainfall led to a proliferation of temporary natural shelters. The frequency of 
puddles increased from 15% to 25%, reaching a maximum of 30% at the end of the season. Streams, which were absent 
at the beginning of the rainy season, appeared in the middle of the season (8%) before reaching 15% at the end of the 
rainy season. Conversely, the frequency of ponds gradually decreased from 35% at the start of the rainy season to 23% 
in the middle of the season and then to 18% at the end of the rainy season. Artificial shelters, on the other hand, 
remained relatively constant throughout the study period, although their frequency remained low. However, a 
reduction in their diversity was observed at the end of the wintering period, suggesting that these shelters became less 
available or less used as the season progressed.  

 

Figure 3 Temporal evolution of the types of habitats studied according to prospecting periods 
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3.2. Specific diversity of culicid fauna  

Identifications revealed the presence of seven (7) mosquito species divided into three (3) genera, including Culex, Aedes 
and Anopheles. Overall, Aedes was represented by two (2) species, namely Aedes aegypti and Ae. simpsoni. The genus 
Anopheles consists of three (3) species: Anopheles arabiensis, An. melas and An. gambiae s.s.. However, no species of the 
genus Culex were identified. Among the two hundred and sixty-two (262) species of mosquitoes identified belonging to 
the Anopheles and Aedes genera, Anopheles arabiensis was the most abundant, followed by Aedes aegypti, then Anopheles 
melas, Aedes simpsoni and Anopheles gambiae in last place. Anopheles larvae accounted for 76.34% of the mosquitoes 
identified, and Aedes larvae accounted for 23.66%. The species richness of Culicidae larvae varied significantly between 
the different municipalities studied (Table 2). In urban and peri-urban municipalities (Saint-Louis and Gandon), 
Anopheles gambiae s.l. was the most abundant species. However, Aedes aegypti was the second most frequent species in 
these areas. Unlike urban and peri-urban areas, Aedes aegypti was the most frequent species in rural areas (Mpal, Fass 
Ngom and Ndiébène Gandiol). However, no Anopheles positive breeding sites were identified in Mpal and Fass Ngom. 

Table 2 Diversity of Culicidae fauna in the department of Saint-Louis 

Municipality       Genres                         Species 

Saint-Louis Anopheles,  

Aedes,  

Culex 

An. Arabiensis, An. melas, An. gambiae,  

Ae. aegypti, Ae. simpsoni,  

Lutzia tigripes, Cx. sp 

Gandon Anopheles,  

Aedes, 

 Culex 

 An. arabiensis,  

Ae. aegypti,  

Lutzia tigripes, Cx. sp 

Fass Ngom Aedes,  

Culex 

 Ae. aegypti, Ae. simpsoni,  

Lutzia tigripes, Cx. sp 

Mpal Aedes,  

Culex 

Ae. aegypti, Ae. simpsoni, 

 Cx. sp 

Ndiébène Gandiol Anopheles,  

Aedes,  

Culex 

 An. arabiensis, An. melas,  

Ae. aegypti,  

Lutzia tigripes, Cx. sp 

3.3. Distribution of Culicidae larvae according to larval habitat type  

Species of the genus Anopheles and those of the genus Culex were identified in almost all types of larval habitats 
surveyed, with the exception of canaries and bottles for Anopheles. However, their frequency varied according to the 
type of habitat. Anopheles and Culex larvae were abundant in natural breeding sites such as ponds (17.5% for Anopheles 
and 16.1% for Culex), puddles (19.6% for Anopheles and 19.5% for Culex) and streams (7.7% for Anopheles and 4.9% 
for Culex). However, Culex larvae were also significant in anthropogenic breeding sites such as gutters (4.9%), septic 
tanks (3%) and tyre tracks (3%). Anopheles larvae were found in unusual breeding sites such as septic tanks and gutters, 
with respective frequencies of 3% and 6.3%. No Aedes larvae were identified in gutters, septic tanks, tyre tracks or 
streams. However, larvae of this genus were more common in anthropogenic breeding sites such as barrels (6%), tyres 
(3.5%) and buckets (5%) (Figure 4).  
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Figure 4 Frequency of larvae of each genus of Culicidae according to the types of breeding sites studied 

3.4. Spatial dynamics of culicid larvae  

The municipalities of Saint-Louis and Gandon are characterised by a high diversity of breeding sites, hosting larvae of 
Anopheles, Culex and Aedes, as well as mixed breeding sites hosting several genera simultaneously. Figure 6 shows that 
Anopheles and Culex positive breeding sites were predominant, with frequencies of 86.1% and 72.1% in Saint-Louis, and 
60.5% and 57.9% in Gandon, respectively. Mixed breeding sites, on the other hand, presented different combinations of 
genera: some housed two genera (Anopheles–Culex, Anopheles–Aedes or Culex–Aedes), while others housed all three 
genera simultaneously. In Ndiébène Gandiol, positive breeding sites for Anopheles, Culex and Aedes were identified, with 
Aedes breeding sites predominating, accounting for 50% of positive breeding sites. The rural communes of Mpal and 
Fass Ngom showed limited diversity: in Mpal, the breeding sites were mainly positive for Aedes (66.7%) and Culex 
(33.3%), while in Fass Ngom, all breeding sites w Moving from Gandon towards the urban area (Saint-Louis), there is a 
marked predominance of Anopheles and Culex positive lodgings. Conversely, moving away from Gandon towards rural 
areas (Ndiébène Gandiol, Mpal and Fass Ngom), these breeding sites gradually declined, giving way to an increase in 
Aedes-positive breeding sites. This distribution suggests a spatial structure of culicid populations, influenced by the 
degree of urbanisation and the nature of available breeding sites (Figure 5).  

 

Figure 5 Mapping of Culicidae larval habitats in the department of Saint-Louis at the beginning, middle and end of the 
rainy season (August 2024 – October 2024) 
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3.5. Temporal dynamics of positive breeding sites according to culicid genus 

The temporal evolution of positive larval breeding sites revealed distinct trends according to genus. The number of 
Anopheles positive breeding sites at the start of the rainy season (19) increased sharply in the middle of the season, 
peaking at 53, before declining at the end of the rainy season (28). Anopheles arabiensis was the dominant species 
throughout the study period in most of the municipalities surveyed, with the exception of Mpal and Fass Ngom, where 
Anopheles positive breeding sites were virtually absent. Culex positive breeding sites showed a more stable dynamic, 
with relatively high numbers throughout the season: 23 breeding sites at the beginning of the rainy season, 41 in the 
middle and 26 at the end of the season. These breeding sites were found in all the municipalities studied, reflecting the 
wide distribution of the Culex genus. However, Aedes positive breeding sites remained few in number during the rainy 
season, with a gradual downward trend from 14 breeding sites in the middle of the season to 3 breeding sites at the end 
of the rainy season. Aedes aegypti was the predominant species compared to Aedes simpsoni throughout the wintering 
period (Figure 6).   

 

Figure 6 Temporary distribution of identified Culicidae genera according to survey periods 

3.6. Influence of physicochemical parameters (pH, temperature, salinity and conductivity) on the abundance 
of different mosquito genera  

The density of Anopheles larvae showed a positive but non-significant correlation with pH (p = 0.11), salinity (p = 0.16), 
conductivity (p = 0.39) and temperature (p = 0.44) (Figure 7). However, a significant negative correlation was observed 
between these same physicochemical parameters and the density of Aedes larvae, with respective p-values of 0.00021, 
0.0098, 0.024 and 0.046 (Figure 8). For Culex larvae, a positive but non-significant correlation was noted with 
conductivity (p = 0.71). Correlations with temperature, salinity and pH were negative. However, these relationships 
were found to be insignificant for temperature (p = 0.58) and salinity (p = 0.91), while the correlation with pH was 
found to be significant (p = 0.0051) (Figure 9). 
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Figure 7 Influence of physicochemical parameters on Anopheles larval density 

 

Figure 8 Influence of physicochemical parameters on Aedes larval density 
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            Figure 9 Influence of physicochemical parameters on Culex larval density 

4. Discussion 

This study has shown that, in the department of Saint-Louis, culicids colonise a wide variety of larval habitats, ranging 
from natural environments (ponds, puddles, streams) to anthropogenic environments (tyres, barrels, buckets, concrete 
tanks, canals, septic tanks, canaries, bricks, etc.). This wide range of breeding sites, also observed in other regions of 
Africa [16–18], reflects a marked ecological diversity influenced by both environmental factors (rainfall, soil type, 
topography) and anthropogenic factors (urbanisation, water storage, lack of sanitation). In the municipalities of Saint-
Louis and Gandon, the high diversity of larval habitats observed could be linked to high anthropogenic pressure and a 
lack of sanitation, favouring the formation of artificial habitats. Furthermore, the coexistence of agricultural activities 
and human habitats in these semi-urban areas (Gandon) creates mixed environments where Anopheles, Culex and Aedes 
species develop simultaneously. The dominance of natural breeding sites in Saint-Louis and Gandon seems to be 
associated with the topography and hydrographic network of these areas, where rainfall favours the formation of 
puddles and temporary ponds during the rainy season. These results are similar to those of Mint Mohamed Lemine et 
al in Mauritania [19] and Tandina et al in Mali [20], confirming the key role of temporary habitats in vector-borne 
disease outbreaks. These ecological similarities reinforce the idea that northern Senegal is an epidemiological transition 
zone that is particularly sensitive to climate change. Conversely, in the municipalities of Ndiebène Gandiol, Fass Ngom 
and Mpal, the low diversity of breeding sites observed could be linked to the sandy nature of the soil, which is 
unfavourable to water retention, and to lower anthropogenic pressure. However, the significant presence of artificial 
breeding sites in these localities reflects domestic and agricultural practices (water storage, reuse of containers) that 
are conducive to the development of Aedes. The predominance of natural breeding sites during the rainy season 
confirms the strong dependence of larval dynamics on rainfall, as reported in other Sahelian regions [21,22]. Three 
genera of mosquitoes were identified in the breeding sites studied: Anopheles, Aedes and Culex. Urban and peri-urban 
municipalities (Saint-Louis and Gandon) had the greatest species diversity, due to the multiplicity of available breeding 
sites (ponds, ditches, containers, market gardens) and high human density.This diversity promotes high-risk vector 
cohabitation, particularly in the context of Rift Valley fever observed during the 2025 rainy season. The municipalities 
of Saint-Louis and Gandon are notable for their high frequency of positive Anopheles (86.05% and 60.53%, respectively) 
and Culex (72.09% and 57.89%) breeding sites. This abundance is probably linked to the availability of open, sunny 
breeding sites (ponds, puddles) favourable to the development of Anopheles larvae, as shown by certain authors [23,24] 
and urban organic pollution conducive to Culex [1,25]. Conversely, the dominance of Aedes positive breeding sites in 
rural areas such as Mpal, Fass Ngom and Ndiebène Gandiol could be linked to the predominance of temporary domestic 
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containers used for water storage (tyres, barrels, canaries), as also shown by Kutomy et al [26]. The low frequency of 
Anopheles positive breeding sites in rural areas could be explained by the scarcity of suitable natural breeding sites, 
while the artificial breeding sites present did not meet the necessary conditions for their development. Similarly, the 
low occurrence of Culex in these areas reflects the low level of pollution in rural areas, as larvae of this genus are known 
to proliferate in eutrophic environments rich in organic matter [27]. The distribution of Culicidae larvae according to 
larval breeding site type reveals a clear differentiation in ecological preferences between the genera Anopheles, Culex 
and Aedes. Species of the first two genera were found in most of the breeding sites surveyed, while Aedes species were 
much more selective, limited to anthropogenic breeding sites such as barrels, tyres and buckets. Anopheles and Culex 
larvae were particularly abundant in natural breeding sites, including ponds, puddles and streams. These results are 
consistent with those of numerous previous studies [28–30]. This observation reflects a marked preference for stagnant 
or slow-flowing waters, often exposed to light and rich in aquatic vegetation, conditions favourable to their 
development. In Anopheles mosquitoes, this preference for clear, unpolluted water has already been demonstrated in 
several studies [17,31–33], which corresponds to its known ecology in rural and peri-urban areas. The Culex genus, 
however, shows greater ecological plasticity, as its larvae have also been found in anthropogenic breeding sites such as 
gutters, septic tanks and tyre tracks. This behaviour reflects a strong ability to adapt to more polluted environments 
rich in organic matter, enabling it to occupy both natural and artificial habitats. This tolerance could explain its 
widespread distribution in urban areas where polluted stagnant water is common. Aedes larvae, which are less common 
in natural and polluted breeding sites (gutters, streams, septic tanks), have been observed most frequently in artificial 
domestic breeding sites. This specialisation reflects a close adaptation to man-made environments, such as water 
storage containers or abandoned objects likely to retain small amounts of rainwater. These results confirm observations 
made in other studies showing that Aedes (particularly Aedes aegypti and Aedes albopictus) mainly exploit artificial 
breeding sites in urban and peri-urban areas [7,34,35]. From an epidemiological perspective, this specific distribution 
of larvae is of major importance. The dominance of Anopheles in natural breeding sites suggests an increased risk of 
malaria transmission in areas where these habitats are abundant. Culex mosquitoes, which thrive in polluted and 
artificial waters, could play a role in the transmission of numerous arboviruses in urban areas, such as the current 
epidemic of Rift Valley fever reported in several localities in Saint-Louis and elsewhere in the country. As for Aedes 
mosquitoes, their strong association with domestic containers reinforces their importance in the transmission of 
arboviruses such as dengue, chikungunya and Zika virus, particularly in densely populated areas. Analysis of the 
influence of physico-chemical parameters on the abundance of mosquito larvae reveals contrasting trends between the 
two genera. In Anopheles, the positive correlations observed with pH, salinity, conductivity and temperature, although 
not significant, suggest a wide ecological tolerance. This lack of marked dependence on physico-chemical factors 
indicates that other variables, such as the nature of the breeding site, vegetation cover, predation or organic load, could 
play a more decisive role in the distribution of larvae. These results corroborate those reported by Mereta et al [36] and 
KOUADIO et al [37]. Indeed, their results showed that anopheles preferentially occupy clear, slightly alkaline waters, 
but have a high ecological plasticity that allows them to adapt to a variety of environments. Conversely, Aedes larval 
density shows significant negative correlations with all measured parameters, reflecting a preference for fresh, low-
mineralised, slightly acidic and cooler waters. These conditions are characteristic of urban and peri-urban artificial 
breeding sites, which are often shaded and low in dissolved salts. These observations are consistent with those of Rueda 
[38], who showed that Aedes larval survival decreases significantly in saline environments or at high temperatures. This 
environmental sensitivity reflects the ecological specialisation of the Aedes genus, whose distribution is closely linked 
to the stability and physico-chemical quality of the aquatic environment. For the Culex genus, larval density shows a 
significant correlation with pH, indicating an affinity for slightly alkaline waters. Correlations with conductivity, salinity 
and temperature remain weak and insignificant. This trend reflects the ability of Culex to develop in eutrophic or slightly 
polluted environments, often rich in organic matter, which are characteristic of urbanised areas. These results are 
consistent with those reported by Muturi et al [39] and Selvan et al [6], highlighting the high ecological tolerance of this 
genus to variable physico-chemical conditions. These differences in adaptation could explain the spatial and seasonal 
variations in larval populations observed in the study areas. They also highlight the need to integrate physicochemical 
parameters into entomological surveillance and integrated vector management programmes, as environmental changes 
(urbanisation, salinisation, warming waters) are likely to alter the specific composition of larval communities and, 
consequently, the dynamics of vector-borne disease transmission. Further analysis, including other abiotic variables 
(dissolved oxygen, organic matter, turbidity) and multivariate statistical models, would refine our understanding of the 
relationships between environmental characteristics and mosquito distribution. Our results also highlight the 
importance of the nature of the larval habitat as a determining factor in mosquito distribution. They underscore the 
need to adopt targeted vector control strategies tailored to the specific ecology of each genus. The reduction or 
elimination of artificial breeding sites should be prioritised to limit Aedes populations, while the sanitation of wetlands 
and the management of stagnant water can contribute to the reduction of Anopheles. In addition, regular monitoring of 
polluted breeding sites is essential to control Culex mosquitoes and reduce the nuisance they cause.  
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5. Conclusion 

The results show a high ecological diversity of Culicidae larval habitats in Saint-Louis, linked to environmental, climatic 
and human factors. The genera Anopheles, Culex and Aedes have distinct ecological preferences, reflecting their strong 
ability to adapt to natural and anthropised environments. This diversity promotes the coexistence of vector species in 
certain localities, increasing health risks. In a context of resurgence of vector-borne diseases in Senegal, these 
observations highlight the importance of implementing integrated and multisectoral vector management. 

Compliance with ethical standards 

Acknowledgments 

The authors would like to thank their supervisor for funding this study. Part of the work was carried out at the French 
National Research Institute for Sustainable Development (IRD), whose support contributed to the completion of this 
research. 

Disclosure of conflict of interest 

The authors declare that they have no conflict of interest.  

References 

[1] Benhissen S, Habbachi W, Rebbas K, Masna F. Entomological and typological studies of larval breeding sites of 
mosquitoes (Diptera: Culicidae) in the Bousaâda area (Algeria) (Algeria). Bulletin of the Royal Society of Sciences 
of Liège [Internet]. 2018 [cited 6 Oct 2024]; Available from: https://popups.uliege.be/0037-
9565/index.php?id=8221/1000 

[2] Fontenille D, Cohuet A, Awono-Ambene P, Antonio-Nkondjio C, Wondji C, Kengne P, et al. Systematics and biology 
of Plasmodium-carrying Anopheles mosquitoes in Africa, recent data. Med Trop [Internet]. 2003 [cited 2024 Sep 
21];63:247-53. Available at: https://www.jle.com/en/MedSanteTrop/2003/63.3/247-
253%20CONF%20Syst%C3%A9matique%20et%20biologie%20des%20anoph%C3%A8les%20vecteurs%20d
e% 20Plasmodium%20in%20Africa,%20recent%20data%20(Fontenille).pdf 

[3] OMS. Global Strategic Plan to Combat Dengue and Other Arboviruses Transmitted by Aedes Mosquitoes 
[Internet]. Geneva; 2024. Available from: https://www.who.int/fr/news/item/03-10-2024-who-launches-
global-strategic-plan-to-fight-rising-dengue-and-other-aedes-borne-arboviral-diseases 

[4]  MSAS. Dengue epidemic in Senegal, Situation Report No. 15 of 10 December 2018, Data from 18 June to 9 
December 2018. 15. Senegal; 2018. 

[5] MSAS. Outbreak of Rift Valley fever in the northern zone of Senegal [Internet]. Senegal; 2025. Available from: 
http://www.sante.gouv.sn 

[6] Selvan PS, Jebanesan A, Divya G, Ramesh V. Diversity of mosquitoes and larval breeding preference based on 
physico-chemical parameters in Western Ghats, Tamilnadu, India. Asian Pacific Journal of Tropical Disease 
[Internet]. 2015 [cité 4 mai 2025];5:S59‑66. Disponible sur: 
https://www.sciencedirect.com/science/article/pii/S2222180815608581 

[7] Hery L, Boullis A, Vega-Rúa A. The biotic and abiotic properties of Aedes aegypti larval habitats and their influence 
on adult life traits (bibliographic review). Biotechnology, Agronomy, Society and Environment [Internet]. 2021 
[cited 2025 Apr 17];25(1):57-71. Available from: https://hal.science/hal-04369657/ 

[8] Ndiaye MM, Touré EO. Perception of health risks and adaptation to climate change among populations in Langue 
de Barbarie (Saint-Louis, Senegal). Les Papiers de la Fondation [Internet]. 2023 [cited 2025 Mar 4]; Available 
from: https://hal.science/hal-04514562/ 

[9] Tandian A. Climate change in Saint-Louis: From social representations to material manifestations. In: 
Understanding Senegal and Africa today [Internet]. Karthala; 2023 [cited 5 March 2025]. p. 697-715. Available 
at: https://shs.cairn.info/article/KART_DIALL_2023_01_0697 

[10]   Mbaye M. “The contribution of satellite imagery and Geographic Information Systems (GIS) in assessing 
hydrological constraints in Saint-Louis, Senegal.” In: International Symposium on Spatialization and Cartography 
in Hydrology [Internet]. 2004 [cited 7 Oct 2024]. Available from: https://hal.science/hal-00334008/ 



GSC Advanced Research and Reviews, 2026, 26(03), 009-022 

21 

[11] Sall M. Flooding and sea level rise in Saint-Louis, Senegal: potential impacts and adaptation measures [Internet] 
[PhD Thesis]. Le Mans; 2006 [cited 30 Sept 2024]. Available from: https://theses.fr/2006LEMA3003 

[12]   Tomasso F. Healthy cities, healthy fields: the case of reproduction in the department of Saint-Louis in Senegal 
[Internet] [PhD Thesis]. Paul Valéry-Montpellier III University; 2013 [cited 4 Oct 2024]. Available from: 
https://theses.hal.science/tel-00983107/ 

[13] Service MW. Mosquito ecology: field sampling methods. 1976 [cité 10 janv 2026]; Disponible sur: 
https://www.cabidigitallibrary.org/doi/full/10.5555/19762901979 

[14]   Fall AG. Simplified identification keys for Culicidae in Senegal. Techniques for capturing and identifying 
mosquitoes (Diptera: Culicidae) that transmit Rift Valley fever. 2013;11.  

[15] Robert V, Ndiaye EH, Rahola N, Le Goff G, Boussès P, Diallo D, et al. Illustrated dichotomous keys for the 
identification of female mosquitoes (Diptera: Culicidae) and their larvae in Burkina Faso, Cape Verde, Gambia, 
Mali, Mauritania, Niger, Senegal, and Chad. Montpellier, IRD [Internet]. 2022 [cited 2025 Oct 21]; Available from: 
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/2022-06/010084866.pdf 

[16]   Mbida AM, Etang J, Ntonga PA, Moukoko CE, Awono-Ambene P, Tagne D, et al. New insights into the larval 
ecology of Anopheles coluzzii Coetzee and Wilkerson, 2013 in the Wouri estuary, Littoral-Cameroon. Bulletin of 
the Society of Exotic Pathology [Internet]. 2017 [cited 2024 Sep 21];110(2):92. Available from: 
https://pathexo.societe-mtsi.fr/documents/articles-bull/2017_110_092-101.pdf 

[17] Chahed S, BRAHMI K, DJOUAHER T. Study on the Culicidae fauna (Diptera: Culicidae) of the Tizi-Ouzou region 
(Northern Algeria): Biodiversity, abundance, and distribution. Entomologie faunistique-Faunistic entomology 
[Internet]. 2021 [cited 26 Apr 2025]; Available from: https://popups.uliege.be/2030-6318/index.php?id=5105 

[18]   Coulibaly D, Yapo ML, Koné M, Akpess EG, Ozoukou EPV, Tuo Y. Characterization of mosquito breeding sites 
during the rainy season in and around the Korhogo university perimeter (Côte d'Ivoire). Entomologie 
faunistique-Faunistic Entomology [Internet]. 2023 [cited 2025 Apr 26]; Available from: 
https://popups.uliege.be/2030-6318/index.php?id=6177 

[19] Mint Mohamed Lemine A, Ould Lemrabott MA, Hasni Ebou M, Mint Lekweiry K, Ould Ahmedou Salem MS, Ould 
Brahim K, et al. Mosquitoes (Diptera: Culicidae) in Mauritania: a review of their biodiversity, distribution and 
medical importance. Parasites Vectors [Internet]. déc 2017 [cité 3 mai 2025];10(1):35. Disponible sur: 
http://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-1978-y 

[20] Tandina F, Doumbo O, Yaro AS, Traoré SF, Parola P, Robert V. Mosquitoes (Diptera: Culicidae) and mosquito-
borne diseases in Mali, West Africa. Parasites Vectors [Internet]. déc 2018 [cité 12 avr 2025];11(1):467. 
Disponible sur: https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-018-3045-8 

[21] Barrera R, Amador M, Clark GG. Ecological factors influencing Aedes aegypti (Diptera: Culicidae) productivity in 
artificial containers in Salinas, Puerto Rico. Journal of medical entomology [Internet]. 2006 [cité 7 oct 
2024];43(3):484‑92. Disponible sur: https://academic.oup.com/jme/article-abstract/43/3/484/879416 

[22] Farjana T, Ahmmed MS, Khanom TF, Alam N, Begum N. Surveillance of mosquitoes larva at selected areas of 
Mymensingh district in Bangladesh. Bangladesh Journal of Veterinary Medicine [Internet]. 2015 [cité 12 avr 
2025];13(1):79‑88. Disponible sur: https://banglajol.info/index.php/BJVM/article/view/23962 

[23]  Betsi AN, Tchicaya ES, Koudou BG. High proliferation of An. gambiae and An. funestus larvae in irrigated and 
non-irrigated rice fields in the western forest region of Côte d'Ivoire. Bulletin of the Society of Exotic Pathology 
[Internet]. 2012 [cited 2025 Apr [24];105(3):220-9. Available from: https://pathexo.societe-
mtsi.fr/documents/articles-bull/131490220.pdf 

[24] Sofizadeh A, Moosa-Kazemi SH, Dehghan H. Larval habitats characteristics of mosquitoes (Diptera: Culicidae) in 
north-east of Iran. Journal of Arthropod-Borne Diseases [Internet]. 2017 [cité 24 avr 2025];11(2):211. Disponible 
sur: https://pmc.ncbi.nlm.nih.gov/articles/PMC5641610/ 

[25] Berchi S. Bioecology of Culex pipiens L. (Diptera: Culicidae) in the Constantine region and prospects for control. 
University of Constantine (Algeria). 2000;133.  

[26] Kutomy POO, Zinga-Koumba CR, Koumba AA, Sevidzem SL, Mavoungou JF, Faye O. Typology of Larval Habitats 
and Sensitivity of Anopheles gambiae sl to Insecticides in Urban, Peri-Urban, and Rural Areas in Oyem (Northern 
Gabon). European Scientific Journal [Internet]. 2022 [cited 26 Apr 2025];17(18):22-49. Available from: 
https://www.researchgate.net/ profile/Sevidzem-Silas-
Lendzele/publication/361224725_Typology_of_Larval_Habitats_and_Sensitivity_of_Anopheles_Gambiae_SL_to_I
nsecticides_in_Urban_PeriUrban_and_Rural_Areas_in_Oyem_Northern_Gabon/ 



GSC Advanced Research and Reviews, 2026, 26(03), 009-022 

22 

links/62a3a8bfc660ab61f8717bae/Typology-Of-Larval-Habitats-And-Sensitivity-Of-Anopheles-Gambiae-SL-
To-Insecticides-In-Urban-Peri-Urban-And-Rural-Areas-InOyem-Northern-Gabon.pd 

[27] Sawabe K, Isawa H, Hoshino K, Sasaki T, Roychoudhury S, Higa Y, et al. Host-feeding habits of Culex pipiens and 
Aedes albopictus (Diptera: Culicidae) collected at the urban and suburban residential areas of Japan. Journal of 
medical entomology [Internet]. 2010 [cité 17 avr 2025];47(3):442‑50. Disponible sur: 
https://academic.oup.com/jme/article-abstract/47/3/442/889761 

[28] Mbida AM, Akono PN, Awono-Ambene P, Wopo HS, Talipouo A, Fobasso RT, et al. Contribution to the sustainable 
management of the Wouri watershed through a study of the distribution of its culicid fauna (Littoral-Cameroon). 
Revue d’Écologie [Internet]. 2018 [cited 2025 Apr 26];73(4):550-8. Available from: https://hal.science/hal-
03532855/ 

[29] Kindu M, Aklilu E, Balkew M, Gebre-Michael T. Study on the species composition and ecology of anophelines in 
Addis Zemen, South Gondar, Ethiopia. Parasites & Vectors [Internet]. 2018 [cité 26 avr 2025];11:1‑11. Disponible 
sur: https://link.springer.com/article/10.1186/s13071-018-2701-3 

[30]   Koumba AA, Koumba CRZ, Nguema RM, Djogbenou LS, Ondo PO, Ketoh GK, et al. Spatial and seasonal 
distribution of mosquito breeding sites in agricultural areas in the Mouila region, Gabon. International Journal of 
Biological and Chemical Sciences [Internet]. 2018 [cited 2025 Apr 17];12(4):1754-69. Available from: 
https://www.ajol.info/index.php/ijbcs/article/view/181029 

[31] Alayat MS. Bioecology, taxonomic position, and vector competence of the Culex pipiens complex (Diptera; 
Culicidae) responsible for the transmission of West Nile virus and Rift Valley fever virus in Algeria [Internet] 
[PhD Thesis]. Annaba; 2012 [cited 2025 Apr 17]. Available from: 
https://www.ccdz.cerist.dz/admin/notice.php?id=00000000000000558099000173 

[32] Djoufounna J, Mayi MPA, Bamou R, Ningahi LG, Magatsing FO, Djiappi-Tchamen B, et al. Larval habitats 
characterization and population dynamics of Culex mosquitoes in two localities of the Menoua Division, Dschang 
and Santchou, West Cameroon. The Journal of Basic and Applied Zoology [Internet]. 2022 [cité 26 avr 
2025];83(1):30. Disponible sur: https://link.springer.com/article/10.1186/s41936-022-00290-x 

[33] Ndiaye EH, Boukhary AOMS, Diallo M, Diallo D, Labbo R, Boussès P, et al. Mosquitoes, Distribution, and Species 
Richness in Eight African Countries: Cape Verde, Mauritania, Senegal, Gambia, Mali, Burkina Faso, Niger, and 
Chad. Tropical Medicine and International Health [Internet]. 2021 [cited 2025 May 6];1(2):mtsibulletin-2021. 
Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC9022770/ 

[34] Rodhain F. The Ecology of Aedes aegypti in Africa and Asia. Bull Soc Pathol Exot [Internet]. 1996 [cited 2025 Apr 
17];89:103-6. Available from: https://pathexo.societe-mtsi.fr/documents/articles-bull/BullSocPatholExot-
1996-89-2-103-106.pdf 

[35] Hounkpe J. Larval breeding sites of Aedes albopictus in buildings and stormwater management structures: 
current situation and challenges in terms of control strategy. École des Hautes Études en Santé Publique (EHESP), 
Rennes [Internet]. 2012 [cited 2025 Apr 26]; Available from: 
http://documentation.ehesp.fr/memoires/2012/igs/hounkpe.pdf 

[36] Mereta ST, Yewhalaw D, Boets P, Ahmed A, Duchateau L, Speybroeck N, et al. Physico-chemical and biological 
characterization of anopheline mosquito larval habitats (Diptera: Culicidae): implications for malaria control. 
Parasites Vectors [Internet]. déc 2013 [cité 28 févr 2025];6(1):320. Disponible sur: 
https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-6-320 

[37]   KOUADIO NND, OUATTARA FA, KOUDOU GB. Study of the seasonal productivity of Anopheles (Diptera: 
Culicidae) breeding sites in two health zones in the North and Center, Korhogo and Yamoussoukro, Côte d'Ivoire. 
Afrique SCIENCE [Internet]. 2023 [cited 2025 Apr 27];23(4):46-61. Available from: 
https://www.afriquescience.net/admin/postpdfs/98dd10d220bb79bd82dd8728df5a8064.1718290280.pdf 

[38] Rueda LM. Global diversity of mosquitoes (Insecta: Diptera: Culicidae) in freshwater. Hydrobiologia [Internet]. 
janv 2008 [cité 5 févr 2026];595(1):477‑87. Disponible sur: http://link.springer.com/10.1007/s10750-007-
9037-x 

[39] Muturi EJ, Mwangangi J, Shililu J, Jacob BG, Mbogo C, Githure J, et al. Environmental factors associated with the 
distribution of Anopheles arabiensis and Culex quinquefasciatus in a rice agro-ecosystem in Mwea, Kenya. 
Journal of Vector Ecology [Internet]. 2008 [cité 6 oct 2024];33(1):56‑63. Disponible sur: 
https://bioone.org/journals/Journal-of-Vector-Ecology/volume-
33/issue1/10811710(2008)33[56:EFAWTD]2.0.CO;2/Environmental-factors-associated-with-the-distribution-
of-span-classgenus-speciesAnopheles/10.3376/1081-1710(2008)33[56:EFAWTD]2.0.CO;2.short  


