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Abstract 
Malaria prevention in Côte d'Ivoire is mainly based on the use of long-lasting insecticide-treated nets. 
Faced with the resistance of vectors to insecticides, the use of anti-larval measures proves to be of 
interest. This study conducted in the Dabakala health district aims to identify Anopheles breeding sites 
and their physicochemical characteristics influencing the productivity of larvae. Surveys were carried out 
in the urban and rural areas during the rainy season (July 2020) and the dry season (February 2021). Out 
of 102 potential breeding sites listed, a total of 53 were positive, including 38 sites of Anopheles and 15 
of other Culicinae. In both urban and rural areas, most Anopheles breeding sites were observed during the 
rainy season, while the density of Anopheles larvae was higher in the dry season. These highest densities 
were observed, in rural areas in rice fields essentially, and in the urban regions in temporary water 
impoundments, water wells, and rice fields. The temperature, pH, and depth of water were positively 
correlated with the density of Anopheles larvae. This study allowing the identification of favorable 
periods and sites of Anopheles breeding in the Dabakala district can help to design a strategy for the 
control of Anopheles larvae. 
 
Keywords: Anopheles larvae, breeding sites, larval density, Dabakala, rural, urban.  
 
1. Introduction 
Malaria is a major cause of morbidity and mortality worldwide [1]. In 2020, more than 600,000 
malaria deaths were reported worldwide, 80% of them were children under 5 years of age [2]. 
Africa remains the most affected region [3, 4] and continues to bear the highest burden of global 
malaria burden, accounting for 96% of all malaria deaths [1]. In Côte d'Ivoire, malaria is a 
major public health problem, with 4,725,162 confirmed cases in 2020 and children under 5 
years of age accounting for 2,145,870 cases [5]. Transmission of the malaria parasite is ensured 
by three main vectors belonging to species complexes and groups: An. gambiae s.s., An. 
funestus s.s., and An. nili s.s. [6, 7, 8]. They have variable biting and living behaviors [9]. The 
abundance and distribution of these vectors are linked to the presence and productivity of 
suitable breeding sites [10]. Species of the Anopheles gambiae complex preferentially colonize 
shallow, sunny, clear, and clean water bodies [10]. In contrast, An. funestus proliferates in 
shaded sites with aquatic plants [11] and An. nili prefers calm coves of rivers and forest streams 
with shaded edges [12]. The physicochemical characteristics of the sites can influence the 
choice of oviposition site, survival, and abundance of malaria vectors [13, 14]. These conditions 
can affect locally the epidemiology of malaria [11]. 
The main control method to reduce the burden of malaria in Côte d'Ivoire is the use of Long-
Lasting Insecticidal Nets (LLINs) [15]. However, the development of resistance to insecticides 
and the increase of the exophagous behavior of mosquitoes underline the interest in 
complementary control measures such as anti-larval measures [16,17]] as recently recommended 
by WHO to reduce malaria transmission [1]. However, the effective implementation of any anti 
larval control action requires knowledge of Anopheles breeding sites [18]. This study was 
conducted in that context, in one of the four districts most affected by malaria, the health 
district of Dabakala, selected within the framework of the PMI/Vector-Link project in Côte 
d'Ivoire for the surveillance of malaria vector bionomics. 
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2. Materials and Methods 
2.1 Study site 
A descriptive cross-sectional survey was carried out in July 
2020 and February 2021 in the Dabakala health district. 
Located in the center-east savannah zone of Côte d'Ivoire, 498 
km from Abidjan, the Dabakala health district is the fourth 
district with a high incidence of malaria after Sakassou, 
Nassian, and Béoumi 2018 [19]. In this district, two localities 
were selected: the city of Dabakala (8°21'48 "N; 4°25'43 "W) 

and the village of N'Gala (8°21'36'04 "N; 4°21'51'33 "W) 
located 5 km from the town (Figure 1). The district’s climate 
is Sudano-Guinean, characterized by two dry seasons and two 
rainy seasons [20]. The average monthly rainfall was 102.31 
mm, ranging from 22.15 mm in the dry season to 159.28 mm 
in the rainy season. The monthly average temperature was 
28.49 °C with a maximum of 30 °C in the dry season and a 
minimum of 27.48 °C in the rainy season. The vegetation is 
dominated by wooded savannah with large trees in places. 

 

 
 

Fig 1: Geographical location of the study sites 
 

2.2 Larvae sampling 
Mosquito breeding site surveys were conducted during the 
rainy season (July 2020) and the dry season (February 2021). 
They consisted of exploring all the water collections likely to 
harbor mosquito larvae within a 100 m radius. Breeding sites 
were categorized according to the presence or absence of 
larvae (negative/positive), their nature: temporary water 
impoundments, water wells, rice fields, natural breeding sites, 
abandoned objects, water storage containers, tires, 
construction material, and sanitation material. In addition, 
parameters such as depth, surface area, sunlight, water 
turbidity, vegetation around the site, and permanence of the 
site were determined. The surface and depth of the site were 
measured with a tape measure. The surface of the site was 
classified into three categories: i) small (< 1 m²); ii) medium 
(1-10 m²) and iii) large (> 10 m²). Similarly, three modalities 
were used for the water turbidity: i) clear when the bottom of 
the dipper was visible in the water; ii) turbid when the bottom 
of the dipper was barely visible, and iii) muddy when the 
bottom of the dipper was not visible. The permanence of the 
breeding site was assessed according to the length of time it 
contained water by interviewing residents. The breeding site 
is considered temporary if it contains water for three months 
and permanent if it contains water for more than three 
months. In addition, using a portable multi-parameter 
(HANNA HI 98129), physicochemical parameters of the 
water were measured in situ: temperature, pH, Total

Dissolved Solids (TDS), and electrical conductivity. 
 
2.3 Collection and determination of density of mosquito 
larvae and pupae 
Larvae and pupae were collected with a dipper at positive 
sites for breeding using the method described by Taliopouo et 
al. [21]. and Coffinet et al. [22]. That method consisted of 
sampling water at the breeding site in several locations and 
without repetition. Depending on the amount of water the rate 
sampling can vary from 1 to 10 dipper strokes. Larvae and 
pupae were collected in labeled tubes and transported to the 
laboratory for density determination and rearing. Larvae of 
stages 3 and 4 were enumerated by genus and the density of 
the breeding sites was determined by the ratio of the number 
of larvae collected divided by the number of dipper strokes 
[24]. 
 
2.4 Data analysis  
Data were entered into an Excel 2013 spreadsheet and 
analyzed using STATA version 14.2 (Stata Corporation; 
College Station, TX, USA). The chi2 or Fischer exact test was 
used to compare the proportions of the sites. Multivariate 
logistic regression analysis was used to identify factors 
influencing breeding site positivity. Mean larval densities of 
sites were compared between seasons and locations using the 
Mann-Whitney test. A principal component analysis 
determined the relationship between physicochemical 
parameters and larval density. 
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3. Results  
3.1 Nature and importance of mosquito breeding sites 
A total of 102 potential breeding sites were identified during 
the study period. They are grouped into 9 categories and 
distributed in 74 (72.55%) and 28 (27.45%) urban and rural 
settings, respectively (Table 1). Temporary water 
impoundments and natural breeding sites represented each 

more than 20% of the breeding sites. Watering wells (n= 17) 
and rice fields (n=16) represented 16.67% and 15.69% of the 
sites respectively. Among the sites identified in urban areas, 
Temporary water impoundments (n=25; 33.78%) were 
dominant, followed by watering wells (n=17; 22.97%). 
However, in rural areas, abandoned objects (n=8; 28.57%) 
and rice fields were predominant (n=6; 21.43%).  

 
Table 1: Nature and importance of potential breeding sites in urban and rural areas of Dabakala in July 2020 and February 2021 

 

Nature of breeding sites Urban area Rural area Total 
n (%) n (%) n (%) 

Abandoned objects 0 8 (28.57) 8 (7.84) 
Objects of sanitation 0 1 (3.57) 1 (0.98) 

Objects of construction 1 (1.35) 0 1 (0.98) 
Tires 2 (2.70) 1 (3.57) 3 (2.94) 

Water wells 17 (22.97) 0 17 (16.67) 
Water storage containers 1 (1.35) 3 (10.71) 4 (3.92) 

Temporary water impoundments 25 (33.78) 5 (17.86) 30 (29.41) 
Rice fields 10 (13.51) 6 (21.43) 16 (15.69) 

Natural breeding sites 18 (24.32) 4 (14.29) 22 (21.57) 
Total 74 (100) 28 (100) 102 (100) 

Abandoned objects: cut can, abandoned bucket, abandoned mortar, plastic bag, water trough; objects of sanitation: septic tanks; objects of 
construction: electricity pole holes; Water storage containers: jar, barrel, abandoned well; temporary Water impoundments: puddles, animal 
footprints, water between the furrows of market gardens; Rice fields: rice field irrigation channel, rice paddy; natural breeding sites: ponds, 
streams, rock hollow 
 
3.2 Nature and importance of Anopheles breeding sites 
identified in Dabakala  
Overall, 53 positive sites were identified, of which 38 
(71.30%) contained at least one Anopheles larva and 15 
(28.30%) Culicinae larvae. In general, Anopheles larvae were 
found more in temporary water impoundments and rice fields 
in proportions of 36.84% (n=14) each. In urban areas, 

Anopheles breeding sites constituted 73.68% (n=28) against 
26.32% (n=10) in rural areas. Anopheles larvae colonized 
more temporary water impoundments 42.86% (n=12) in urban 
areas, followed by rice fields 32.14% (n=9). In contrast, in 
rural areas, rice fields were colonised 50% (n=5), followed by 
temporary water impoundments 20% (n=2) and abandoned 
objects 20% (n=2) (Table 2). 

 
Table 2: Number and proportion of positive breeding sites according to their nature in an urban and rural area at Dabakala in July 2020 and 

February 2021. 
 

Nature of the breeding site 

Urbain Rural Total 
Positive 

breeding sites 
Anopheles 

breeding sites 
Positive 

breeding sites 
Anopheles 

breeding sites 
Positive 

breeding sites 
Anopheles 

breeding sites 
n (%) n (%) n (%) n (%) n (%) n (%) 

Abandoned objects 0 (0) 0 (0) 5 (33.33) 2 (20) 5 (9.43) 2 (5.26) 
Objects of sanitation 0 (0) 0 (0) 1 (6.67) 1(10) 1(1.89) 1 (2,63) 

Objects of construction 1 (2.63) 0 (0) 0 (0) 0 (0) 1(1.89) 0 (0) 
Tires 1 (2.63) 0 (0) 1 (6.67) 0 (0) 2 (3.77) 0 (0) 

Water wells 7(18.42) 5 (17.86) 0 (0) 0 (0) 7(13.21) 5 (13.16) 
Water storage containers 1 (2.63) 0 (0) 0 (0) 0 (0) 1 (1.89) 0 (0) 

Temporary water impoundments 13 (34.21) 12 (42.86) 2 (13.33) 2 (20) 15 (28.30) 14 (36.84) 
Rice fields 9 (23.68) 9 (32.14) 5(33.33) 5 (50) 14 (26.42) 14 (36.84) 

Natural breeding sites 6 (15.79) 2 (7.14) 1 (6.67) 0 (0) 7 (7.55) 2 (5.26) 
Total 38 (100) 28 (100) 15 (100) 10 (100) 53 (100) 38 (100) 

Abandoned objects: cut can, abandoned bucket, abandoned mortar, plastic bag, water trough; Objects of sanitation: septic tanks; Objects of 
construction: electricity pole holes; water Water storage containers: jar, barrel, abandoned well; Temporary Water impoundments: puddles, 
animal footprints, water between the furrows of market gardens; Rice fields: rice field irrigation channel, rice paddy; natural breeding sites: 
ponds, streams, rock hollow 
 
3.3 Nature and importance of the Anopheles breeding sites 
identified according to the seasons and the urban and 
rural areas in Dabakala 
During the survey, most Anopheles breeding sites were 
identified in the rainy season. These sites were 0.5 and 0.89 
times higher in the rainy season than in the dry season in 
urban and rural areas respectively. In the urban area, rice 
fields (OR = 72; CI= 5.70 - 908.90) and temporary water 
impoundments (OR = 7.38; CI= 1.40 - 39.08) were positively 

associated with the presence of Anopheles larvae. They were 
respectively 71 and 6.38 times more associated with the 
presence of Anopheles larvae than natural breeding sites and 
abandoned objects. In rural areas, the presence of Anopheles 
larvae was positively associated with rice fields (OR = 15; 
CI= 1.03 - 218.30), which were 14 times more associated with 
the presence of Anopheles larvae than abandoned objects 
(Table 3). 
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Table 3: Nature and importance of the Anopheles breeding sites identified according to the seasons and the urban and rural areas in Dabakala 
 

Area Characteristics of the breeding sites Anopheles breeding sites  OR IC à 95% P 

Urban 

Season 
Dry 10 (35.71) 1   

Rainy 18 (64.29) 1.5 (0.575 - 3.97) 0.402 
Nature of the breeding site 

Natural breeding sites 2 (7.14) 1   
Water wells 5 (17.86) 3.33 (0,55 - 20,22) 0.19 
Rice fields 9 (32.14) 72 (5.70 - 908.90) 0.001 

Temporary water impoundments 12 (42.88) 7.38 (1.40 -39.08) 0.019 

Rural 

Season 
Dry 1 (10) 1   

Rainy 9 (90) 1.89 (0.11 – 33.89) 0.666 
Nature of the breeding site 

Abandoned objects 1 (10) 1   
Rice fields 5 (50) 15 (1.03 - 218.30) 0.047 

Temporary water impoundments 2(20) 2 (0.18 – 22.06) 0.571 
Objects of construction 1 (10) -- -- -- 

Abandoned objects: cut can, abandoned bucket, abandoned mortar, plastic bag, water trough; objects of construction: electricity pole holes; 
water storage containers: jar, barrel, abandoned well; temporary water impoundments: puddles, animal footprints, water between the furrows of 
market gardens; Rice fields: rice field irrigation channel, rice paddy; Natural breeding sites: ponds, streams, rock hollow 
 
3.4 Anopheles density according to the nature of the site 
and the seasons 
The variation in mean larval density between seasons is 
presented in Table 4. Mean larval densities were significantly 
higher (χ² = 4.861; p = 0.027) during the dry season (3.23 
larvae/dipper) compared to the rainy season (1.28 
larvae/dipper). In urban areas, mean larval densities were 
estimated at 3.22 larvae/dipper in the dry season compared to 
1.59 larvae/dipper in the rainy season (χ² = 1.389; p = 0.238). 

During the dry season, in the area urban, the highest larval 
density with more than 3 larvae/layer was observed in each of 
the breeding sites constituted of the temporary water 
impoundments, water wells, and rice fields. In rural areas, the 
average larval densities recorded in the dry and rainy seasons 
were 3.3 and 0.67 larvae/dipper respectively (χ² = 1.939; p = 
0.164). Only rice fields showed a high larval density with 3.3 
larvae/dipper in the dry season. 

 
Table 4: Larval density of Anopheles according to the breedings sites’ nature and the seasons in Dabakala in July 2020 and February 2021 

 

Urban 

Nature of the breeding site 
Larval density (larvae / dipper) 

Rainy Season Dry Season 
Water wells 0 3.18± 4.36 

Temporary water impoundments 1.97± 3.74 3.3± 5.13 
Rice fields 1.25±0.87 3,1 

Natural breeding sites 0.9 0 
Total 1 1.59 ±2.65 3.22± 4.15 

Rural 

Abandoned objects 0.4± 0.28 0 
Objects of sanitation 0,2 0 

Temporary water impoundments 0.25 ± 0.21 0 
Rice fields 1.15± 1.43 3.3 

 Total 2 0.67 ±0.99 3.3 
 Total 1.28 ± 2.26 3.23± 3.94 

Abandoned objects: cut can, abandoned bucket, abandoned mortar, plastic bag, water trough; Objects of sanitation: septic tanks; objects of 
construction: electricity pole holes; storage containers: jar, barrel, abandoned well; Temporary water impoundments: puddles, animal footprints, 
water between the furrows of market gardens; Rice fields: rice field irrigation channel, rice paddy; Natural breeding sites: ponds, streams, rock 
hollow 
 
3.5 Determination of physicochemical parameters of 
Anopheles larval sites 
The physicochemical parameters of the larval habitats studied 
are reported in Table 5. The pH of the breeding sites was 
slightly basic with a mean value of 7.71. It varied from 7.41 
in the dry season to 7.83 during the rainy season with a 
significant difference between the seasons (χ² = 3.982; p= 

0.045). The mean values of electrical conductivity, 
temperature, TDS, and depth of the breeding sites recorded in 
the rainy season were 520.96µS/cm, 30.09°C, 276.85mg/l, 
and 0.16m against 568.63 µS/cm, 30.11°C, 283.91mg/l and 
0.27m in the dry season respectively. These values show no 
significant difference between seasons (P > 0.05). 
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Table 5: Physicochemical parameters of Anopheles breeding sites according to seasons in Dabakala in July 2020 and February 2021 
 

Parameters Season Total averages x2 p Rainy Dry 
Temperature (°C) 30.09 ±30,04 30.11±5,12 30.10±3.69 0.084 0.772 

pH 7.83±0,61 7.41±0,52 7.71±0.61 3.982 0.045* 
Electrical conductivity (µS/cm) 520.96±655,44 568.63±258.03 534.76±566 3,249 0.07 

TDS (mg/l) 276.85±346.22 283.91±126.71 281.02±297.62 2.855 0.091 
Depth 0.16±0.26 0.27±0.23 0,2±0,25 0.996 0.318 

 
3.6 Sites’ characteristics influencing the presence of 
Anopheles larvae in Dabakala 
Multi-variate logistic regression analysis showed that the 
presence of Anopheles larvae was associated with the nature 
of the site. They were more present in temporary water 
reservoirs (OR= 1.77; CI= 1.29 -2.43; p < 0.001), rice fields 
(OR= 16.21; CI= 6.71 - 39.09; p < 0.001), market garden 
irrigation wells (OR= 1.31; CI= 1.17 -1.46; p < 0.001) and 
natural sites (OR= 0.36; CI= 0.25 -0.52, p < 0.001) (Table 6). 
In addition, the stability of the site, the vegetation around the 

sites, the season and the turbidity of the water in the sites 
influenced the presence of Anopheles larvae. The probability 
of their presence was significantly associated with shaded 
sites (OR= 4.52; CI= 3.38 - 6.04; p < 0.001), and temporary 
sites (OR= 6.10; CI= 4.01 - 9.29; p< 0.001). The rainy season 
(OR= 1.32; CI= 0.85- 2.05; p = 0.223), breeding sites with a 
surface area between 1 -10 m2 (OR= 0.58; CI= 0.47 - 7.22; p= 
0.673) and breeding sites < 1 m2 (OR= 1.38; CI= 0.41- 3.0; 
0.805; P= 0.805) also influenced the presence of larvae but 
with no significant difference. 

 
Table 6: Relationship between the characteristics of the breeding sites and the presence of Anopheles larvae in the Dabakala sites. 

 

Characteristics Anopheles breeding sites n (%) Multivariate regression analysis 
Adjusted OR 95% CI P-values 

Season 
Dry 11 (28.95) 1   Rainy 27 (71.05) 1.32 (0.85-2.05) 0.223 

Turbidity 
Full of mud 11 (28.95) 1   Clear 15 (39.47) 0.67 (0.29 -1.56) 0,352 

Cloudy 12 (31.58) 3.31 (0.64 -17.24) 0,154 
Nature of the breeding sites 

Abandoned objects 2 (5.56) 1   Temporary water impoundments 14 (36.84) 1,77 (1.29 -2.43) < 0.001* 
Rice fields 14 (36.84) 16.21 (6,71 – 39.09) < 0.001* 
Water wells 5 (13,16) 1.31 (1.17 -1.46) < 0.001* 

natural breeding sites 2 (5,56) 0.36 (0.25 -0.52) < 0.001* 
Permanence of site 

Permanent 1 (2.63) 1   Temporary 37 (97.37) 6.1 (4.01- 9.29) < 0.001* 
Vegetation around the site 

Shaded 8 (21.05) 1   Not shaded 30 (78.95) 4.52 (3.38 – 6.04) < 0.001* 
Sunlight exposure 

No  1   Yes 38 (100) ND - - 
Size of the site (m2) 

> 10 11 (28.95) 1   1 -10 9 (23.68) 0.58 (0.47 – 7.22) 0.673 
< 1 18 (47.37) 1.13 (0.41– 3.08) 0.805 

CI 95% confidence interval, OR odds ratio, ND: Not determined 
 

3.7 Correlation between Anopheles larval density and 
physicochemical parameters  
The principal component analysis (PCA) shows correlations 
between physicochemical parameters and the larval density of 
Anopheles. These data, represented on two axes F1 and F2 
explain 55.13% of the total variation (Table 7). Temperature, 
pH, depth of the breeding site, and Anopheles larval density 

are correlated with the F2 axis (R coefficients = 0.816; 0.643; 
0.41 and 0.13 respectively). Larval density is influenced by 
temperature, depth, and pH (Figure 2). Electrical conductivity 
and TDS are strongly associated with the F1 axis (R 
coefficients = 0.983 and 0.979 respectively). These two 
parameters negatively influence the larval density of 
Anopheles. 

 
Table 7: Correlations between variables and factors. 

 

 F1 F2 
Temperature -0.083 0.816 

pH -0.167 0.139 
Electrical conductivity 0.983 0.083 

TDS 0.979 0.120 
Depth -0.232 0.413 

larval density of Anopheles -0.019 0.646 
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Fig 2: Relationship between Anopheles larval density and physicochemical water parameters 
 
4. Discussion 
The objective of this study was to identify breeding sites of 
the Anopheles and their physicochemical characteristics 
influencing the presence of Anopheles larvae in the Dabakala 
health district. The work enabled us to determine nine 
categories of sites. The most common breeding sites in urban 
areas were temporary water impoundments (33.78%) and 
water wells (22.97%). In the rural area, abandoned objects 
(28.57%) and rice fields (21.43%) were dominant. The 
importance of temporary water impoundments and abandoned 
objects could be explained by the precipitation of the rains 
and the absence of hygiene measures in these areas. The 
abundance of watering wells during the dry season would be 
associated with the lack of water in the rice-growing 
lowlands, which leads people to dig wells to collect water for 
their market gardening activities. These wells could constitute 
a source of Culicidian nuisance and a malaria risk factor for 
local populations, as observed by Dambach et al. [24] in 
Burkina Faso and Tia et al. [3] in Côte d'Ivoire. These results 
confirm those of Koumba et al. [25] and El Joubari et al. [26] 
who highlighted the role of human activities in the creation of 
mosquito breeding sites. Similar studies carried out by Tia et 
al. [3] in northern Côte d'Ivoire showed a dominance of 
temporary impoundments, market gardeners' water wells in 
urban areas, the importance of rice fields, and abandoned jars 
in area rural. Our results are contrary to those of Akono et al. 
[27] who showed a predominance of water ponds in the area 
urban while water storage containers were in the rural area. 
The reason for this difference is that their study was in the 
coastal region of Cameroun. 
The majority of Anopheles breeding sites were identified 
during the rainy season. These breeding sites were 0.5 and 
0.89 times more important in the rainy season than in the dry 

season, in urban and rural areas respectively. The low 
proportion of positive sites breeding sites identified in the dry 
season is due to the drying out of sites suitable for mosquito 
larval development due to the lack of rainfall, resulting in a 
scarcity of breeding sites. However, rainfall creates small 
enclaves of water colonized by mosquitoes in the rainy season 
as soon as the rain stops [28]. These results are consistent with 
those recorded by Hessou et al. [29] in Benin. These authors 
identified more Anopheles breeding sites in the rainy season 
than in the dry season. They linked this observation to the 
high temperature of the city in the dry season, which would be 
the cause of the drying up of the breeding sites. 
Among the positive sites identified in the urban 
area, Anopheles larvae were found more in rice fields (OR = 
72; CI = 5.70 - 908.90) and temporary water impoundment 
(OR = 7.38; CI = 1.40 -39.08). In rural area, rice fields (OR = 
15; CI = 1.03-218.30) were more favorable 
for Anopheles larvae. The preference of Anopheles for rice 
fields can be explained by the fact that rice fields are 
evolutionary environments where different types of biotopes 
are more or less favorable to Anopheles, particularly to An. 
gambiae s.l [30]. Indeed, in the early stages of rice 
development, the water in the rice paddies is shallow and 
sunny, which constitutes ideal conditions for the development 
of An. gambiae s.l. larvae. These observations were made by 
Robert et al. [31] and by Mouchet et al. [32]. These larvae of An. 
gambiae s.l. area succeeded by those of An. funestus with the 
development of rice plants in the boxes [33]. Our observations 
corroborate those of Musiime et al. [34] who reported a 
preference for Anopheles in rice fields in rural Kanungu (OR= 
0.192; CI = 0.078 - 0.523) and Tororo (OR= 4.212; CI =1.225 
- 14.557) in Uganda 
The density of larval habitats varies with the seasons [35, 36]. 
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This larval density was high in the dry season (3.23 
larvae/dipper) compared to the rainy season (1.28 
larvae/dipper). In fact, in the dry season, egg-laying sites are 
scarce due to the low rainfall. That would have the 
consequence of a high ratio between the number of gravid 
females and the number of available breeding sites. In 
contrast, in the rainy season breeding sites are leached away 
by rain, which contributes to a decrease in their larval density 
[16, 37]. Our results are similar to those of Mbida et al. [37] who 
showed a higher larval density in the dry season than in the 
rainy season in the Wouri estuary, Cameroun. The larval 
density could be influenced by the physicochemical 
characteristics of the breeding sites [38]. 
Temperature values concord with those recorded by Munga et 
al [39] and Imam et al. [40]. These authors showed larval 
abundance with a temperature between 28 and 32 °C. 
Likewise, a positive association was observed between 
temperature and larval density of Anopheles. This positive 
association could be justified by the high temperature that 
favors the development of larvae and the growth of micro-
organisms which are food sources for the larvae [41]. These 
results comply with those obtained in Niger by Souleymane et 
al. [42] and in Benin, by Hessou et al. These authors showed a 
positive correlation between temperature and larval density 
of Anopheles. The average pH value (7.71) of the breeding 
sites was slightly basic with a maximum of 7.83 in the rainy 
season. These pH values were relatively high compared to 
those recorded by Olusi et al. [43] in northern Nigeria, which 
was 6.93. These results corroborate those of Abdullah et al. 
[44] and Kudom et al. [45] who showed that Anopheles larvae 
thrive in breeding sites with neutral or slightly alkaline pH. 
This fact could justify the positive association between pH 
and larval density observed in our study. These results are 
similar to those recorded in Cameroon by Djamoukou et al. 
[46] and in Ethiopia by Getachew et al. [47], who found a 
positive correlation between Anopheles larval density and pH. 
The mean electrical conductivity of the larval sites was 
534.76 µS/cm, with a maximum of 568.63 µS/cm during the 
dry season. The average total dissolved solids (TDS) value 
was 281.02 mg/l with a maximum of 283.91 mg/l in the dry 
season. The high electrical conductivity and TDS in the dry 
season can be explained by the accelerated degradation of 
organic matter in the water, resulting in a dissolved oxygen 
deficit Berchi et al. [48]. In addition to this, there is the use of 
agricultural pesticides and herbicides. These averages of 
electrical conductivity and TDS are relatively high compared 
to those recorded by Olusi et al. [42], who obtained average 
values of 250 µS /cm and 16.60 mg/l for electrical 
conductivity and TDS respectively. Furthermore, a negative 
correlation was observed between electrical conductivity, 
TDS, and Anopheles larval density. This negative correlation 
could be justified by the importance of electrical conductivity 
and TDS as limiting factors for the development of Anopheles 
larvae. These observations were made by Alaoui et al. [49] who 
showed that Anopheles larvae thrive in poorly mineralized 
water, well-oxygenated, and low in organic matter. 
Our results indicate a preference of Anopheles for temporary 
(OR= 6.10; p < 0.001) and non-shaded breeding sites (OR= 
4.52; p < 0.001). Their presence in unshaded breeding sites 
could be explained by adequate exposure to sunlight, which 
leads to an increase in water temperature of sites favorable for 
larval development [10,50]. The preference of Anopheles larvae 
for temporary rather than permanent breeding sites is 
explained by the presence of a diversity of predators and 

invertebrate the competitor's in permanent breeding sites. 
Their presence would reduce the density of mosquito larvae 

[51,52]. Several studies have shown that aquatic insects 
belonging to the orders Coleoptera, Odonata, and Hemiptera 
are responsible for significant reductions in mosquito 
populations and could be considered in integrated vector 
management programs [53, 54]. Our results confirm the work 
carried out in Ethiopia by Mareta et al. [55], who observed a 
high probability of the presence of Anopheles larvae at 
temporary breeding sites. 
 
5. Conclusion 
Entomological surveys conducted in the Dabakala health 
district in July 2020 (rainy season) and February 2021 (rainy 
season) have identified nine (9) categories of breeding sites. 
Temporary water impoundments and rice fields have been the 
most colonized by Anopheles larvae. The majority of 
Anopheles larvae sites were found during the rainy season. 
These larvae were found more in unshaded and temporary 
breeding sites. However, the dry season constitutes the period 
of the high larval density of the sites, which is favorable to all 
anti-larval activities against malaria vectors. The larval 
density of these breeding sites is influenced by temperature, 
pH, and the depth of the breeding site. 
 
6. Acknowledgements 
The authors thank the National Institute of Public Hygiene 
(INHP) for technical and material support. 
 
7. References 
1. WHO. World Malaria Report Geneva: World Health 

Organization. Geneva, 2019, 232. 
2. WHO. World Malaria Report. Key Messages. Geneva, 

2021, 24.  
3. Tia E, Gbalegba NGC, M’bra KR, Kaba A, Boby OAM, 

Koné M, Chouaibou M, et al. Etude du niveau de 
production larvaire d’Anopheles gambiae s.l. (Diptera: 
Culicidae) dans les différents types de gîtes à Oussou-
yaokro au Centre-Ouest et à Korhogo, au Nord (Côte 
d’Ivoire). J Appl Biosci. 2016;105:10170 –10182. 

4. WHO, World malaria report 2020: 20 years of global 
progress and challenges. Geneva: World Health 
Organization; 2020, 247. 

5. PNLP. Bilan annuel 2020 de la lutte contre le paludisme. 
Côte d’Ivoire, 2021, 39. 

6. Assouho KF, Adja AM, Guindo-Coulibaly N, Tia E. 
Kouadio AMN, et al. Vectorial Transmission of Malaria 
in Major Districts of Côte d'Ivoire. J Med Entomol. 
2020;57(3):908-914. 

7. Yokoly FN. Zahouli JBZ, Small G, Ouattara AF, Opoku 
M. de Souza DK, et al. Assessing Anopheles vector 
species diversity and transmission of malaria in four 
health districts along the borders of Côte d’Ivoire. Malar 
J. 2021;20(1):409. 

8. Adja AM, N’goran EK, Koudou BG, Dia I, Kengne P, 
Fontenille D, et al. Contribution of Anopheles funestus, 
An. gambiae and An. nili (Diptera: Culicidae) to the 
perennial malaria transmission in the southern and 
western forest areas of Côte d’Ivoire. Ann Trop Med 
Parasitol. 2011;105(1):13–24. 

9. Fontinelle D, Cohuet A, Awono-Ambene HP, Antonio-
NKondjio Wondji C, Kengne P, et al. Systématique et 
biologie des Anopheles vecteurs de Plasmodium en 
Afrique, donnée récente. Medicine Tropicale. 

http://www.entomoljournal.com/


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 188 ~ 

2005;63:247-253. 
10. Rejmankova E, Roberts DR, Harbach RE, PecoJ, Peyton 

EL, Manguin S, et al. Environmental and regional 
determinants of Anopheles (Diptera: Culicidae) Larval 
distribution in Belize Central America. Environmental 
Entomology. 1993;22(5):978-992. 

11. Ondiba IM, Oyieke FA, Athinya DK, Nyamongo IK, 
Estambale BBA. Larval species diversity, seasonal 
occurrence, and larval habitat preference of mosquitoes 
transmitting Rift Valley fever and malaria in Baringo 
County, Kenya. Parasites Vectors. 2019;12(1):295. 

12. Mouchet J, Carnevale P, Coosemans M, Julvez J, 
Manguin S, Richard-Lenoble D, et Sircoulon J. 
Biodiversité du paludisme dans le monde. Editions John 
Libbey Eurotext, Paris, 2004, 428. 

13. Kwasi B, Biologie A, Kumasi T. Évaluation physico-
chimique des sites de reproduction des moustiques de 
communautés minières sélectionnées dans la municipalité 
d'Obuasi au Ghana. J Environ Earth Sci. 2012; 
12(10):123-30. 

14. Garba Y, Olayemi IK. Spatial variation in 
physicochemical characteristics of wetland rice fields 
mosquito larval habitats in Minna, North Central Nigeria. 
International conference on agricultural, ecological, and 
medical sciences. 2015; Feb 10th–11th: 11–4. 

15. WHO. World malaria report. Geneva World Health 
Organization: 2018, 166.  

16. Sanford MR, Ramsay S, Cornel AJ. A preliminary 
investigation of the relationship between water quality 
and Anopheles gambiae larval habitats in Western 
Cameroon. Malar J. 2013;12(1):225 

17. Zoh DD, Ahoua Alou LP, Toure M, Pennetier C, Camara 
S, Traore DF, et al. Le statut actuel de résistance aux 
insecticides d’Anopheles gambiae (sl) (Culicidae) dans 
les zones rurales et urbaines de Bouaké, Côte d’Ivoire. 
Parasites & Vectors. 2018;11(1):118. 

18. Fontenille D, Cohutel APH, Awoono-Ambene, Antonio-
Nkondjio C, Wondji C, Kengne P. Systématique et 
biologie des Anopheles vecteurs de Plasmoduim en 
Afrique, Données. 2018 ; Med trop. 2003;63:247-253. 

19. Rapport Annuel sur la Situation Sanitaire, Edn 2019, 
Ministere de la sante et de l’hygiene publique, Côte 
d’Ivoire, 2018, 407.  

20. Allou G. Étude des séries volcano-sédimentaires de la 
région de Dabakala (Nord-Est de la Côte d’Ivoire) : 
genèse et évolution magmatique : contribution à la 
connaissance de la minéralisation aurifère de Bobosso 
dans la série de la Haute-Comoé. Sciences de la Terre, 
Université Paris Sud - Paris XI, Université Félix 
Houphouët-Boigny Abidjan, 2014, 304. 

21. Talipouo A, Ntonga PA, Tagne D, Mbida MA, Etang J, 
Fobasso RT, et al. Comparative study of Culicidae 
biodiversity of Manoka island and Youpwe mainland 
area, Littoral, Cameroon, Int J Biosci. 2017;10(4):9-18. 

22. Coffinet T, Rogier C, Pages F. Evaluation de l’agressivité 
des anophèles et du risque de transmission du paludisme, 
méthodes utilisées dans les armées françaises. Med Trop. 
2009;69:109-122. 

23. Imbahale SS, Paaijmans KP, Mukabana WR, et al. A 
longitudinal study on Anopheles mosquito larval 
abundance in distinct geographical and environmental 
settings in western Kenya. Malar J. 2011;10(1):10-81. 

24. Dambach P, Sié A, Lascaux J-P, Vignolles C, Machault 
V, Sauerborn R. Using high spatial resolution remote 

sensing for risk mapping of malaria occurrence in the 
Nouna district, Burkina Faso. Glob Health Action. 
2009;2(1):20-94. 

25. Koumba AA, Koumba CRZ, Nguema RM, Djogbenou 
LS, Ondo PO, Ketoh GK, et al. Distribution spatiale et 
saisonnière des gîtes larvaires des moustiques dans les 
espaces agricoles de la zone de Mouila, Gabon. Int J Biol 
Chem Sci. 13 déc. 2018;12(4):1754.  

26. EL-Joubari M, Louah A. et O. HIMMI, Les moustiques 
(Diptera : Culicidae) des marais de Smir (nord- ouest du 
Maroc) : inventaire et biotypologie, Bull Société Pathol 
Exot. 2014;2(8):7-10  

27. AKono P, Ntonga P, Mbida MA, TONGA C. et al. 
Données préliminaires sur le paludisme humain en zones 
rurale et sémi-urbaine du département du Nkam (Littoral-
Cameroun). J Appl Biosci. 2017;115:11441-11452. 

28. Diedhiou SM, Doucoure S, Samb B, Konat&e A, 
Cissokho S, Ndiaye A, et al. Distribution and 
characterization of anopheline larval habitats in flooded 
areas of the Dakar suburbs (Senegal). J Parasitol Vector 
Biol. 2016;8(7):61‑73. 

29. Hessou-Djossou D, Djègbè I, Ahadji-Dabla KM, 
Nonfodji OM, Tchigossou G, Djouaka R, et al. Diversity 
and Characterization of Larval Habitats of Anopheles 
Mosquitoes in Urban Areas in Benin: Influence of 
Physicochemical and Bacteriological Factors on Larval 
Density. Research Square, 2022, 1-19.  

30. Doannio JMC, Dossou-Yovo J, Diarrassouba S, 
Rakotondraibé ME, Chauvancy G, Chandre F, et al. La 
dynamique de la transmission du paludisme à Kafiné, un 
village rizicole en zone de savane humide de Côte 
d’Ivoire. Bull Soc Pathol Exot. 2002;95(1):11-16. 

31. Robert V, Gazin P, Boudin C, Molez JF, Ouedraogo V, 
Carnevale P. La transmission du paludisme en zone de 
savane arborée et en zone rizicole des environs de Bobo-
Dioulasso (Burkina Faso). Ann Soc Belg Med Trop. 
1985;65(2):201‑14. 

32. Mouchet J. Influence des fleuves sur la biologie 
d’Anopheles gambiae pendant lasaison sèche dans le Sud 
Cameroun. Bull Soc Pathol Exot. 1962;55(6):1163-70. 

33. Gimnig JE, Ombok M, Kamau L, Hawley WA. 
Characteristics of larval anopheline (Diptera: Culicidae) 
habitats in Western Kenya. J Med Entomol. 
2001;38(2):282‑8. 

34. Musiime AK, Smith DL, Kilama M, et al. Identification 
and characterization of immature Anopheles and culicines 
(Diptera: Culicidae) at three sites of varying malaria 
transmission intensities in Uganda. Malar J. 
2020;19(1):221.  

35. Mala AO, Irungu LW, Shililu JI, Muturi EJ, Mbogo CC, 
Njagi JK, et al. Dry season ecology of Anopheles 
gambiae complex mosquitoes at larval habitats in two 
traditionally semi-arid villages in Baringo, Kenya. Parasit 
Vectors. 2011;4(1):1‑11. 

36. Kipyab PC, Khaemba BM, Mwangangi JM, Mbogo CM. 
The physicochemical and environmental factors affecting 
the distribution of Anopheles merus along the Kenyan 
coast. Parasit Vectors. 2015;8(1):221. 

37. Mbida AM, Awono-Ambene PN, Wopo AP, Talipouo 
HS, Tchoffo Fobasso A, Dongmo RA, et al. Contribution 
à la gestion durable du bassin versant du Wouri par une 
étude de la répartition de sa faune culicidienne (Littoral-
Cameroun). Revue d’Ecologie (Terre et Vie). 
2018;73(4):550-558. 

http://www.entomoljournal.com/


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 189 ~ 

38. Edillo FE, Touré YT, Lanzaro GC, Dolo G, Taylor CE. 
Survivorship and distribution of immature Anopheles 
gambiae s.l. (Diptera: Culicidae) in Banambani village, 
Mali. J Med Entomol. 2004;41(3):333‑9.  

39. Munga S, Vulule J, Kweka EJ. Response of Anopheles 
gambiae s.l. (Diptera: Culicidae) to larval habitat age in 
western Kenya highlands. Parasit Vectors. 2013;6(1):13.  

40. Imam AA, Deeni Y. Types communs d'habitats de 
reproduction d'Anopheles gambiae dans le nord-ouest du 
Nigeria. J Innov Res Eng Sci. 2014;4:496-504.  

41. Minakawa N, Mutero CM, Githure JI, Beier JC, Yan G. 
Spatial distribution and habitat characterization of 
anopheline mosquito larvae in Western Kenya. Am J 
Trop Med Hyg. 1999;61(6):1010‑6. 

42. Souleymane MI, Yaro AS et ali A. Mesures des 
indicateurs de prolifération des larves de moustiques au 
niveau des mares permanentes et semi permanentes de 
Saga, Niger Int. J. Biol. Chem. Sci. 2020;14(4):1188-
1202. 

43. Olusi TA, Simon-Oke IA, Akeju AV. Composition, 
habitat preference, and seasonal variation of malaria 
vector larval and pupa stage in Akure North Local 
Government Area of Ondo State, Nigeria. Bull Natl Res 
Cent. 2020;45(1):87. 

44. Abdullah MA, Merdan AI. Distribution and ecology of 
the mosquito fauna in southwestern Saudi Arabia. J 
Egypt Soc Parasitol. Déc. 1995;25(3):815‑37.  

45. Kudom AA, Mensah BA, Agyemang TK. 
Characterization of mosquito larval habitats and 
assessment of the insecticide-resistance status of 
Anopheles gambiae senso lato in urban areas in 
southwestern Ghana. J Vector Ecol. 2012;37(1):77‑82. 

46. Djamouko-Djonkam L, Mounchili-Ndam S, Kala-
Chouakeu N, Nana-Ndjangwo SM, Kopya E, Sonhafouo-
Chiana N, et al. Spatial distribution of Anopheles 
gambiae sensu lato larvae in the urban environment of 
Yaoundé, Cameroon. Infect Dis Poverty. Déc. 
2019;8(1):84.  

47. Getachew D, Ballew M, Tekie H. Anopheles larval 
species composition and characterization of breeding 
habitats in two localities in the Ghibe River Basin, 
southwestern Ethiopia. Malar J. 2020;19(1):65.  

48. Berchi S, Aouati A, Louadi K. Typologie des gîtes 
propices au développement larvaire de Culex pipiens L. 
1758 (Diptera-Culicidae), source de nuisance à 
Constantine (Algérie). Ecol Mediterr. 2012;38(2):5‑16.  

49. Alaoui Slimani N, Jouid N, Benhoussa A, Hajji K. 
Typologie des habitats d’anophèles dans une zone 
urbaine (Diptera : Moustiques). 1999; L’Entomologiste. 
1999 ;55(5)181–90. 

50. Emidi B, Kisinza WN, Mmbando BP, Malima R, Mosha 
FW. Effect of physicochemical parameters on Anopheles 
and Culex mosquito larvae abundance in different 
breeding sites in a rural setting of Muheza, Tanzania. 
Parasit Vectors. 2017;10(1):1‑12.  

51. Diabaté A, Dabiré R, Heidenberger K, Crawford J, Lamp 
W, Culler L, et al. Evidence for divergent selection 
between the molecular forms of Anopheles gambiae: role 
of predation. BMC Evolutionary Biology. 2008;8(1):5. 

52. Culler LE, Lamp WO. Selective predation by larval 
Agabus (Coleoptera: Dytiscidae) on mosquitoes: support 
for conservation-based mosquito suppression in 
constructed wetlands. Freshw Biol. 2009;54(9):2003‑14. 

53. Mereta ST, Boets P, Bayih AA, Malu A, Ephrem Z, Sisay 

A, et al. Analysis of environmental factors determining 
the abundance and diversity of macroinvertebrate taxa in 
natural wetlands of Southwest Ethiopia. Ecol Inf. 
2012;7:52-61. 

54. Gimonneau G, Bouyer J, Morand S, Besansky NJ, 
Diabate A, Simard F. A behavioral mechanism 
underlying ecological divergence in the malaria mosquito 
Anopheles gambiae. Behav Ecol. 2010;21(5):1087‑92. 

55. 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. 
Parasit Vectors. 2013;6(1):320. 

http://www.entomoljournal.com/

