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Abstract 

Mosquitoes are blood-sucking flying arthropods, known for their critical role 

as vectors of several infectious diseases such as dengue, chikungunya, malaria, 

and lymphatic filariasis. Understanding the entomological fauna in a given area 

is not only essential for defining potential health risks but also to plan and 

assess mosquito control actions. Our study aimed to identify mosquito larvae 

species in the province of Setif in Algeria, and also to examine some physical 

parameters of their breeding sites. Surveys were carried out over a 19-month 

period (May 2022—November 2023), the larval stages of the mosquitoes were 

sampled using the dipping technique and the physical parameters (Type and 

nature of larval habitat, type and situation of water, status of vegetation and 

sunlight) of the breeding sites were measured. Collected larvae were then 

morphologically identified using reference identification keys. In total, 4098 

mosquito larvae were collected and further identified and distributed among 

four genera: Culex (76.61%), Anopheles (6.71%), Culiseta (16.42%), and 

Uranotaenia (0.24%). Twelve species of Culicidae were identified, with Cx. 

pipiens (69.42%) and Cs. longiareolata (16.37%) being the most abundant. 

The abundance of the inventoried species was influenced by the physical 

nature of breeding sites as well as climatic factors, including rainfall and 

temperature. The highest number of larvae was collected from natural habitats 

(70.79%), including grasslands, river edges, and ponds, with permanent and 

turbid water, vegetation out of water, and in sunny conditions. River edge for 

Cs. longiareolata and An. maculipennis s.l. and, ponds for Cx. pipiens were the 

main larval habitats in the province. The present study sheds light on the 

entomological diversity of the Culicidae fauna in the study area. This result 

will aid in directing the fight against mosquito vectors, taking into 

consideration existing species and various types of breeding sites. 

Keywords: Culicidae, Larval ecology, Breeding sites, Physical parameters, 

Setif. 
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Introduction 

Mosquitoes (Diptera: Culicidae) are dipteran insects of great global importance, not only 

for ecological roles but also for issues related to human and animal health. Currently, over 3500 

species of mosquitoes are recognised all over the world, but only a small handful can carry the 

pathogens that cause human or animal disease and it is these species which have been studied most 

thoroughly (Hawkes and Hopkins, 2022). Chikungunya, yellow fever, Zika, dengue, Japanese 

encephalitis, West Nile, lymphatic filariasis, and malaria are among the most common mosquito-

borne diseases, while three main genera of mosquitoes from the Culicidae family (Aedes, Culex, 

and Anopheles) are the main vectors incriminated in their transmission (Nebbak et al., 2022). In 

recent years, several natural and manmade factors, such as those related to climate change and 

human activities, have allowed the emergence and establishment of numerous sylvatic mosquito 

species—which are usually found only in tropical regions—in urban environments of temperate 

territories (Mordecai et al., 2019; Khezzani et al., 2023). The Asian tiger mosquito, Aedes 

albopictus (Skuse, 1894), is one example of this concerning trend. It has invaded the majority of 

the Mediterranean countries in recent decades and is now starting to disseminate several tropical 

arboviruses over the Old Continent, such as agents of dengue or chikungunya (Venturi et al., 2017; 

Ducheyne et al., 2018; Brem et al., 2024; Garrido et al., 2024). 

For oviposition, mosquitoes utilize a range of aquatic habitats, with many mosquito species 

prefer to use both natural and artificial containers as their breeding sites resulting in complex larval 

communities (Aigbodion and Anyiwe, 2005; Aditya et al., 2006). Larvae of Culicidae mosquitoes 

have been observed thriving in a variety of aquatic environments, including stream and river edges, 

riverbeds, fresh or salt water marshes, and small, temporary rain pools. Larval habitats are of great 

interest because they are important determinants of both the distribution and abundance of adult 
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mosquitoes (Piyaratnea et al., 2005; Mwangangi et al., 2012). Some research studies have shown 

that mosquito density is influenced by the physicochemical properties of the water in breeding 

habitats, as well as by various ecological factors, including climate-related ones (Abai et al., 2016; 

Ferraccioli et al., 2023). To this end, understanding how habitat factors affect larval production is 

essential for comprehending the temporal and spatial distribution patterns of mosquito vector 

species. In addition, assessing the composition and quality of larval mosquito habitats also 

contributes to understanding the bio-ecology of these insects and aids in developing effective larval 

control strategies (Nikookar et al., 2017). 

In Algeria, the largest country in Africa, the culicidian fauna has been the focus of a great 

deal of research since the early twentieth century. So far, a total of 53 mosquito species have been 

recorded in Algeria, 44 of which belong to the genera Culex, Aedes, and Anopheles (Merabti et al., 

2021). In their study, Nebbak et al. (2022) indicated that 26 mosquito species are involved in the 

circulation of seven vector-borne diseases (VBDs) in North Africa, including two parasitic 

(malaria, filariasis) and five viral infections (West Nile virus, Rift Valley Fever virus, Dengue 

virus, Sindbis and Usutu viruses). The continuous shifts in the geographical distribution of several 

mosquito species, along with the appearance or disappearance of others driven by local or global 

changes, expose the country to the re-emergence or emergence of multiple VBDs. Therefore, it is 

intriguing to regularly monitor mosquito populations in vulnerable regions like northern Algeria 

(Arsevska et al., 2016) to improve efforts in preventing the potential spread and transmission of 

VBDs. 

The present study aimed to identify the mosquito fauna present in the Setif region and to 

determine the physical factors influencing their proliferation in the area’s aquatic habitats. This 

study also planned to gain a deeper understanding of Culicidae diversity in the region and produce 
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valuable data that can assist the vector control program in implementing targeted and cost-effective 

interventions. 

 

Materials and methods 

Study area description 

The study was carried out from May 2022 to November 2023 in Setif Province, located in 

the northeast of Algeria at a latitude of 36°11′ N and a longitude of 5°24′ E (Figure 1). The province 

is administratively divided into 60 municipalities and covers an area of 6.549 km2 with a 

population of 2.021.687 according to the 2021 census. Setif is situated 1.064 meters above sea 

level and is bordered by Mila Province to the east, Bordj Bou Arreridj Province to the west, Bejaia 

and Jijel Provinces to the north, and Batna and M’sila Provinces to the south. The study area 

comprises 50% high plains, 40% mountainous regions (in the northern and southern parts), and 

10% depression zones (in the southern part). The inhabitants are mainly involved in agriculture, 

commerce, administration, and industry (ANIREF, 2022). 

The climate of the study area is classified as semi-arid, characterised by hot, dry summers. 

The average annual precipitation is 402 mm, although it is irregular both in time and space. 

Monthly average temperatures range from 5.8 to 24.8 °C, while relative humidity varies between 

37% and 79.1% (Gherbi et al., 2020). Data on monthly rainfall, temperature, and relative humidity 

for Setif during the study period were sourced from the Meteorological Station of Ain Sfiha. 

Determination of sampling sites 

Sampling sites for this study were selected based on criteria such as the type of larval 

habitats, water availability, flow and transparency, and sunlight penetration, to account for the 

potential impact of these physical conditions on mosquito diversity and richness. Based on these 
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data, 21 larval habitats across 12 municipalities in Setif, representing a range of environmental and 

ecological conditions, were selected for sampling to provide an accurate depiction of the mosquito 

species potentially present in the study area. During the study, we used a Global Positioning 

System (GPS) to record the coordinates of each larval habitat. The locations of these sites are 

shown in Figure 1. 

Physical parameters recorded for each larval habitat include habitat type and condition 

(natural or artificial), water availability (temporary or permanent), water transparency (clear, 

muddy, or turbid), vegetation status (out of water, water surface, out and water surface, without 

plant), and sunlight status (shadow, semi-shade, or sunny). These parameters are detailed in       

Table 1. 

Mosquito collection and identification 

Field surveys aimed to collect mosquito larvae were carried out from the early morning up 

to late afternoon using a standard dipping method (dips of 500 mL dipper) in each larval habitat, 

as described by Coffinet et al. (2009). In the small areas where the dipping method was impractical, 

a 1 mL transfer pipette was employed to pick up mosquito larvae. A variety of larval habitats 

(Figure 2) were used to collect mosquito larvae across the twelve selected municipalities, including 

grasslands, river edges, ponds, sewages, and fountains. 

All collected samples were placed in plastic bottles before being transported to the 

Improvement and Development of Animal and Plant Production laboratory at the Faculty of Nature 

and Life Sciences, Setif University, where they were kept to allow the development of eggs, as 

well as first, second, and third instar larvae (14:10 light/dark cycle, 25 °C and a mixture of biscuit 

(75%) and dry yeast (25%)) (Rehimi et Soltani, 1999; Bendali et al., 2001). Both sampled and 

reared fourth-instar larvae were stored in glass tubes containing 70% ethanol, each labelled with 
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the date, sampling location, breeding site number, and number of collected larvae (Duvallet et al., 

2017). In the laboratory, specimens were mounted on microscope slides using Hoyer's solution 

(Matile, 1993), and the larvae were then identified based on their morphological characteristics 

using relevant taxonomic keys (Himmi et al., 1995; Becker et al., 2020; Robert et al., 2022). Larvae 

identification was subsequently verified using the latest version of MoskeyTool software 2.2, an 

interactive key for identifying Europe-Mediterranean mosquitoes, as described by Günay et al. 

(2020). 

Ecological indices and statistical analysis of data 

The mosquito inventory data were analysed using ecological indices to evaluate both 

composition and structure. Composition was assessed through relative abundance and frequency 

of occurrence, while structural analysis involved maximum diversity, equidistribution, and the 

Shannon-Weaver diversity index. For the frequency of occurrence, the species were qualifying as 

constant when C > 50 %, as accidental when C < 25 %, as accessory when 25 % ≤C< 50 %, and 

as rare when C ≤ 4%. These indices provide insights into the distribution of the larval population 

and the diversity of mosquito species.  

In order to highlight the relationship between mosquito larval abundance and climatic 

factors (rainfall and temperature) in the study area, the Spearman correlation coefficient, indicating 

r-squared values, was used. The distribution of mosquito species within the study region was done 

using Correspondence Factorial Analysis (CFA). In addition, Chi-square (χ2) analysis was 

employed to assess the relationship between environmental variables and larval occurrence across 

different habitats. Statistical analyses were executed using IBM SPSS version 26 software (IBM 

Corporation, Armonk, NY), and results were considered significant at P < 0.05. 
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Results 

Culicidae inventory 

A total of 4,098 specimens were collected from various habitats around the province of 

Setif. The inventoried culicid fauna in this region included 12 species from two subfamilies: 

Culicinae, with three genera (Culex, Culiseta, and Uranotaenia), and Anophelinae, with a single 

genus, Anopheles. The Culicinae subfamily was the most diverse, with ten species recorded: Cx. 

deserticola, Cx. hortensis, Cx. laticinctus, Cx. modestus, Cx. pipiens, Cx. tritaeniorhynchus, Cx. 

theileri, Cs. annulata, Cs. longiareolata, and Ur. unguiculata (Table 2). 

Ecological index of composition 

The relative abundance and frequency of occurrence of Culicidae species are shown in 

Table 2 and Figure 3. 

 Data analysis reveals that Cx. pipiens is the most abundant species, constituting 69.42% of 

all identified specimens and exhibiting the highest frequency of occurrence at 38.66% (accessory 

species). It is followed by Cs. longiareolata, which has a relative abundance of 16.37% and a 

frequency of occurrence of 25% (accessory species). Other species, such as Cx. modestus, Cx. 

theileri, and Anopheles maculipennis, show much lower abundances and frequencies of 

occurrence, ranging from 0.02% to 5.81% for relative abundance and 0.33% to 10.67% for 

frequency of occurrence. 

Ecological index of structure 

Table 2 displays the maximum diversity, equidistribution, and Shannon-Weaver diversity 

index values for Culicidae species collected in the region of Setif. 

The Shannon-Weaver index (H') for specific diversity is 1.51 bits, while the maximum 

diversity (H'max) is 3.58, indicating that this population is moderately diverse. Moreover, the 
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equitability (E) is approximately 0.42, or 42%, meaning that the Culicidae species identified in the 

deposits of Setif region are moderately balanced. 

Distribution of Culicidian species based on station 

The chi-square test of independence calculated for the Setif region yields a p-value of 0,001 

which is lower than the significance level of 0.05. This indicates a significant relationship between 

the distribution of species and the study stations. 

A factorial correspondence analysis (FCA) was used to better understand the distribution 

of culicids in the Setif region. According to Figure 4, the contribution of first dimension axis to 

the total inertia is 46.3%, while the second-dimension axis contributes 23.4%, resulting in a 

combined total of 69.7 %. This percentage exceeds 50%, indicating that the results of the FCA 

could only be used for dimensions 1 and 2. 

The results obtained indicate that species in group A are more common at the Oued El 

Barad station, while species in group B are mainly found at the Oued El Dehab, Machtat Lahnache, 

Machtat Boudhiaf, Ain Roua, Ain Oulmene, Setif, Ras Isly, and El Hamam stations. Species in 

group C are more widely distributed across El Karia, Bir Abdellah, and Dehamcha. 

Physical characteristics of the larval habitats 

As summarized in Table 3, most larvae were collected from natural habitats (n=2901, 

70.79%), including ponds (n=2051, 50.05%), river edges (n=767, 18.72%), and grasslands (n=83, 

2.03%). The frequency of larvae was 53.15% in permanent sites compared to 46.85% in temporary 

ones. Moreover, 2000 (48.8%), 1450 (35.38%), and 648 (15.81%) larvae were collected from sun-

lighted, shady, and semi-shaded sites, respectively. Most larvae were found in turbid (38.97%) and 

clear water (31.5%), and in sites with vegetation out of water (60.40%). Further details are 
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presented in Table 3. A statistically significant association (p < 0.05) was observed between larval 

abundance and all studied variables. 

The results demonstrated that all species were dispersed in temporary sites, except for       

Ur. unguiculata (100%), which was recorded exclusively in permanent oviposition sites. Three 

Culex species—Cx. laticinctus, Cx. tritaeniorhynchus, and Cx. modestus—were absent from 

permanent sites. All twelve identified species (100%) were collected from natural sites, 

particularly ponds, making them the most species-diverse and the primary habitat for Cx. pipiens. 

Culiseta longiareolata was predominantly found at river edges (39.19%), followed by ponds 

(34.38%). Cx. pipiens was the most frequent species in permanent (66.89%) and shady sites 

(48.82%), in turbid water (51%), and in sites with vegetation out of the water (77.40%). In contrast, 

Cs. longiareolata was mainly found in clear water (61.25%), sun-lighted (78.39%) and temporary 

(79.88%) sites lacking vegetation (54.40%). Anopheles maculipennis was exclusively found in 

natural sites (100%), primarily represented by river edges (90.75%). This species was also 

predominantly found in clear water (100%), sun-lighted (97.9%), and temporary (88.65%) sites, 

where vegetation was restricted to the outer and surface of the water (85.72%). The number and 

percentage of the remaining species in natural and artificial habitats, with different characteristics, 

are listed in Table 3. 

Phenology and impact of environmental factors on larval abundances 

The relationship between temperature, rainfall, and mosquito abundance is depicted in 

Figure 5A. 

During our study period, temperatures ranged from 4.1 °C in January to 30.1 °C in July. 

Additionally, the highest monthly rainfall was recorded in May 2023 at 708.08 mm, while the 
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lowest rainfall was observed in June 2022, July 2023, and August 2023, with 0.25 mm recorded 

for each of these months. 

Monthly data analysis revealed that the number of larvae for all species combined was 

highest during the hot seasons, particularly in June 2022 (1022 larvae) and July 2023 (433 larvae). 

Temperatures during these months ranged from 27.1°C to 30.1°C, while rainfall was minimal, with 

0.25 mm recorded for each month. In contrast, larval density was low during the colder months, 

notably in February and November, with 4 and 10 larvae, respectively. Temperatures and rainfall 

during these two months were 5.8°C and 10.8°C, and 16.01 mm and 37.34 mm, respectively. 

Overall, larval abundance peaked in June 2022 (1,022 larvae), declined to its lowest value in 

February (4 larvae), then reached a second peak in July 2023 (433 larvae) before declining again 

to a low of 10 larvae in November (Figure 5A). 

Monthly mosquito counts are highly significantly correlated with temperature (Rs = 0.89, 

n = 19, p = 0.001) and significantly correlated with precipitation (Rs = - 0.45, n = 19, p = 0.049), 

according to the Spearman correlation test. 

For combined species, a similar trend was observed for individual species as well (Figure 

5B). Culex pipiens abundance peaks in June (560 larvae), then declines to its lowest value in 

February (3 larvae), before increasing again to a second peak in July (348 larvae). In contrast, Cs. 

longiareolata abundance also peaks in June (252 larvae in 2022 and 50 larvae in 2023) during the 

hot season but is at its lowest during the cold season. 

 

Discussion 

The present study reveals that the Culicidae fauna in the Setif area is rich and diverse, with 

12 species identified. Previous studies in Algeria (Lafri et al., 2014; Asloum et al., 2021; Oussad 
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et al., 2021; Chahed et al., 2022; Halimi et al., 2022) have already reported these species. However, 

our study made it possible to update the list of culicidian species reported at the level of the studied 

area since it allowed the addition of four species—An. maculipennis, An. multicolor, Cx. 

tritaeniorhynchus, and Ur. unguiculata—to the last inventories that were previously made (Nabti 

and Bounechada, 2020; Bouaoud et al., 2024). Nevertheless, some species reported in earlier 

research studies, such as Cx. univitattus, Ae. caspius and Ae. vexans, (Nabti and Bounechada, 2020; 

Bouaoud et al., 2024) were not detected in our inventory. The discrepancy in the results may have 

arisen from differences in habitat types, sampling techniques, or the larval deposits surveyed. 

The genus Culex accounted for the bulk of mosquitoes collected in this study, likely 

because Culex species can colonize a wide range of breeding sites (Faraj et al., 2006). This suggests 

that Culex has fewer environmental requirements for development compared to Anopheles, 

Culiseta, or Uranotaenia. A similar observation was made in the Khenchela province (northeast) 

by Halimi et al. (2022), who revealed 57.89% Culex. Seven species of Culex were identified, with 

Cx. pipiens being the most abundant. This finding in line with what has been reported in other 

studies, such as those of Oussad et al. (2021) in Tizi Ouzou (north-centre) and Halimi et al. (2022) 

in Khenchela (north-east), where Cx. pipiens was the most frequently collected species. Cx. pipiens 

is renowned for its high ecological plasticity and adaptability, which may explain these results 

(Meegan et al., 1980). In contrast, inventories by Hamaidia and Berchi (2018) in Tebessa, Belkhiri 

et al. (2021) in Batna, and Asloum et al. (2021) in M’sila indicated a predominance of Cs. 

longiareolata. In our study, this species ranked second after Cx. pipiens. This could be attributed 

to the bio-ecology of this species and its spatial and temporal adaptations. Cs. longiareolata is 

widely distributed in the Mediterranean region (Brunhes et al., 2001). 
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For the remaining identified species, we observed low relative abundance and frequency 

of occurrence. This result may be attributed to several factors, including water quality, reduced 

egg laying (possibly due to fewer female mosquitoes emerging), limited nutrient availability 

(either in quantity or quality), drying of larval sites during dry seasons, site washout due to rainfall, 

slowed larval development from temperature drops, and mortality from predation by invertebrates 

(Berchi, 2000). 

The species identified in this study are known to transmit significant pathogens with 

notable medical and veterinary importance. In Algeria, Cx. pipiens is an efficient vector of the 

West Nile virus and, to a lesser extent, the Rift Valley fever virus under experimental conditions 

(Amraoui et al., 2012). Recently, this species was also found to be infected with the Sindbis virus 

in Timimoun, southern Algeria (Ayhan et al., 2022). While other Culicidae species are recognized 

as common or potential vectors of human and animal diseases worldwide, their vectorial roles in 

Algeria have not yet been studied. 

Studies have shown that factors such as temperature and precipitation influence the 

development and distribution of Culicidae species (Rodhain and Perez, 1985; Mouchet et al., 

2004). Our findings revealed a diverse distribution of mosquito larvae throughout the study period, 

suggesting that temperature and rainfall likely have a critical impact on their abundance. The 

increase in mosquito numbers during the second peak, which occurred between June and July, was 

likely due to the high precipitation in the months preceding this peak, creating more ideal breeding 

sites for mosquito reproduction. Our results also showed a low abundance of mosquitoes during 

the cold months, likely due to unfavourable conditions that led to the destruction or instability of 

some breeding sites. The two studied parameters—rainfall and temperature—have been reported 

to significantly influence egg hatching, the creation of breeding sites, the speed of post-embryonic 
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development, and adult survival (Ntoumba et al., 2020). Our results are consistent with those of 

Poveda (2000) in Colombia, who demonstrated a correlation between temperature, precipitation, 

and mosquito development. In our study, the majority of abundant species (Cx. pipiens and Cs. 

longiareolata) were present almost year-round, with higher abundance observed in June and July. 

The analysis of the relationship between Culicidae species and the physical parameters of 

breeding sites allowed us to identify those conditions that are favourable for the development of 

mosquito species, including those that pose a health risk to the region. 

In the present study, five types of habitats were surveyed in Setif Province, two of which 

were artificial habitats. The highest abundance of larvae was observed in natural habitats including 

mainly ponds, and with characteristics such as permanent, turbid and sun-lighted, with vegetation 

out of water. Azari-Hamidian (2007) collected the highest number of larvae from natural habitats, 

including riverbed pools, rain pools, and artificial habitats such as rice fields with clean water, 

along with temporary water, out-of-water vegetation, and exposure to sunlight in Guilan Province. 

Among the Culicinae, Cx. pipiens prefers natural habitats, including ponds, river edges and 

grasslands, respectively. It lays eggs in permanent water bodies under varying light conditions, 

including both shaded and sunny environments. This Culex species was predominantly found in 

turbid waters with vegetation extending above the surface. Our results are in line with those of 

other studies (Azari-Hamidian, 2007; Omrani et al., 2020), where Cx. pipiens is mainly observed 

in natural and shaded sites with temporary water. In contrast, Azari-Hamidian (2007), Nikookar et 

al. (2017), and Omrani et al. (2020) reported that this species is often collected from clear water. 

These findings indicate that Cx. pipiens exhibits a greater adaptability to a variety of physical 

conditions, including water transparency, site type, and sunlight exposure. Moreover, Ladonni et 

al. (2015) reported that 86.7% of Cx. pipiens larvae were found in artificial sites. This genus is 
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recognized as the largest, most common, and most significant genus within the Culicinae tribe 

(Service, 1993), and is the most densely populated species with a wide distribution throughout the 

province. 

Cx. pipiens was collected year-round in various biotopes by Mouatassem et al. (2019) in 

Morocco. The species was found in both natural and artificial, temporary and permanent breeding 

sites, with and without vegetation, and in both clean and polluted waters. Notably, Cx. pipiens 

showed a strong preference for polluted environments (Mouatassem et al., 2019). In their study 

conducted in Mazandaran Province, northern Iran, Nikookar al. (2017) observed more Cx. pipiens 

larvae in river edges, marshes, pits, pools, discarded tires and wetlands. The same species was 

mainly found to invade artificial containers, stream margins, rice fields, and wells/ cisterns, in 

northern Gyeonggi Province, Korea (Kim et al., 2011). These investigations, combined with the 

present study, highlight the species' adaptability to various habitats, which may explain its high 

density and extensive distribution in Setif Province. 

For Cs. longiareolata, the highest abundance was mainly observed in natural sites with 

temporary, fully sun-lighted, and clear water, devoid of vegetation. Interestingly, Cs. longiareolata 

was the only species recorded in artificial sites in our study. Similar findings were reported by 

Sofizadeh et al. (2018) and Omrani et al. (2020) in Iran, where specimens were predominantly 

collected from natural, temporary, sun-lighted sites with clear water. In contrast, other studies have 

reported that this species is mainly found in permanent (Zaim et al., 1987) and turbid water 

(Hanafi-Bojd et al., 2017). Additionally, Azari-Hamidian (2005) found that 100% of the specimens 

were sampled from natural sites. These differences may be attributed to the species' high 

adaptability to various aquatic habitats across different geographical conditions. 
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Anopheles is represented by two species, one of which is considered major potential vector 

of malaria (An. maculipennis) (Mouatassem et al., 2019).  

In this study, An. maculipennis larvae were mainly collected from river edges in temporary, 

natural environments. The key characteristics of their larval habitats included clear water, sun- 

lighted conditions, with vegetation both above and at the water surface. Our findings are similar 

to those of Nikookar et al. (2017) in Iran, where high abundance of this species' larvae was 

observed in natural habitats characterised by temporary, clear water, and vegetation both 

submerged and above the water surface. However, our results contrast with some studies that 

primarily reported An. maculipennis larvae in permanent and semi-shady natural larval habitats 

(Sofizadeh et al., 2017). In Morocco, Mouatassem et al. (2019) noted that larvae of An. 

maculipennis s. l. were exclusively collected from clear waters with submerged vegetation. This 

species has been reported to inhabit a wide range of both artificial and natural environments, 

including river edges, river beds, marshes, grasslands, creeks, pits, wetlands, springs, rice fields, 

rice irrigation channels, ponds, pools, discarded tires, and concrete channels (Nikookar et al., 2017; 

Asgarian et al., 2021). An. maculipennis is also known to be a malaria vector (Nikookar et al., 

2017; Mouatassem et al., 2019). 

Our findings revealed that larvae of Cx. theileri, Cx. hortensis, and Cx. deserticola were 

predominantly collected from natural sites, mainly in river edges. These mosquito species 

exhibited similar larval characteristics, thriving in clear water and sunny conditions. Notably, Cx. 

hortensis and Cx. deserticola were primarily found in temporary habitats, while Cx. theileri 

favoured permanent sites. Moreover, Cx. hortensis was commonly associated with vegetation at 

the water's surface, whereas Cx. deserticola and Cx. theileri were located in sites where vegetation 

was both submerged and above the water. Sofizadeh et al. (2017) noted that Cx. theileri and Cx. 
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hortensis were primarily collected from permanent, sunny sites; however, they reported that Cx. 

theileri prefers turbid, vegetated habitats, while Cx. hortensis favours clear water without 

vegetation. Similarly, Asgarian et al. (2021) found that Cx. deserticola and Cx. hortensis were 

predominantly located in natural, permanent sites with clear waters. 

 

Conclusion 

The results of this study led to an updated list of mosquito species recorded in the Setif 

region and provided the first data on mosquito larval habitats. Twelve species from four different 

genera were identified: Anopheles, Culex, Culiseta, and Uranotaenia. Cx. pipiens is abundant in 

ponds, while Cs. longiareolata and An. maculipennis s.l. are found in high numbers along river 

edges, each associated with distinct habitat characteristics. Among the species inventoried, two 

play key roles in transmitting important diseases: An. maculipennis s.l. in malaria transmission and 

Cx. pipiens in the transmission of West Nile virus fever. These findings will be critical for 

developing entomological surveillance and vector control strategies in the region. 

 

Acknowledgements 

We extend our heartfelt thanks to all who contributed to this work, especially those who 

provided assistance in the field and collaborated with us. 

 

Conflict of Interests 

The authors do not have any conflict of interest to declare. 

 

 

 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6753 to 10 
 

References 

 Abai MR, Saghafipour A, Ladonni H, Jesri N, Omidi S, Azari-Hamidian S. Physicochemical 

Characteristics of Larval Habitat Waters of Mosquitoes (Diptera: Culicidae) in Qom Province, 

Central Iran. J Arthropod Borne Dis. 2015; 10(1):65-77.  

 Aditya G, Pramanik MK, Saha GK. Larval habitats and species composition of mosquitoes in 

Darjeeling Himalayas, India. J Vector Borne Dis. 2006; 43(1):7-15. 

 Aigbodion, F. I., & Anyiwe, M. A. (2005). Mosquitoes and the environment: Some economic 

costs of malaria in Nigeria. Nigerian Journal of Entomology, 22, 93-107. 

 Agence Nationale d’Intermédiation et de Régulation Foncière (ANIRF). Monographie wilaya 

de Sétif. 2022. 

 Amraoui F, Krida G, Bouattour A, Rhim A, Daaboub J, Harrat Z, Boubidi SC, Tijane M, Sarih 

M, Failloux AB. Culex pipiens, an experimental efficient vector of West Nile and Rift Valley 

fever viruses in the Maghreb region. PLoS One. 2012;7(5):e36757. doi: 

10.1371/journal.pone.0036757. 

 Arsevska E, Hellal J, Mejri S, Hammami S, Marianneau P, Calavas D, Hénaux V. Identifying 

Areas Suitable for the Occurrence of Rift Valley Fever in North Africa: Implications for 

Surveillance. Transbound Emerg Dis. 2016 Dec;63(6):658-674. doi: 10.1111/tbed.12331. 

 Asgarian TS, Moosa-Kazemi SH, Sedaghat MM, Dehghani R, Yaghoobi-Ershadi MR. Fauna 

and Larval Habitat Characteristics of Mosquitoes (Diptera: Culicidae) in Kashan County, 

Central Iran, 2019. J Arthropod Borne Dis. 2021; 15(1):69-81. doi: 10.18502/jad.v15i1.6487.  

 Asloum, A., Benhissen, S., Habbachi, W., Habbachi, S., Hedjouli, Z., Bouselama, Z., & 

Tahraoui, A. (2021). Preliminary Inventory and General Aspect of the Distribution of Culicidae 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6754 to 10 
 

Species in the Steppe Region (M'sila, Algeria), Journal of Bioresource Management, 8 (3). 

DOI: https://doi.org/10.35691/JBM.1202.0197 

 Ayhan N, Hachid A, Thirion L, Benallal KE, Pezzi L, Khardine FA, Benbetka C, Benbetka S, 

Harrat Z, Charrel R. Detection and Isolation of Sindbis Virus from Field Collected Mosquitoes 

in Timimoun, Algeria. Viruses. 2022; 14(5):894. doi: 10.3390/v14050894.  

 Azari-Hamidian, S. (2005) Larval habitat characteristics of mosquitoes of the genus Culiseta 

Felt, 1904 (Diptera: Culicidae) in the Caspian Sea littoral, Iran. Zoology in the Middle East 36, 

59–66. 

 Azari-Hamidian, S. (2007) Larval habitat characteristics of mosquitoes of the genus Culex 

(Diptera: Culicidae) in Guilan province, Iran. Journal of Arthropod-Borne Diseases (Formerly: 

Iranian Journal of Arthropod-Borne Diseases) 1,9–20. 

 Becker N., Petric D., Zgomba M., Boase C., Madon M., Dahl C. & Kaiser A., (2020). 

Mosquitoes Identification, Ecology and Control. Springer Nature, 3ed edition, Swetzerland : 

570 p. 

 Belkhiri, N., Habbachi, W., Benhissen, S., Frah, N., Asloum, A., & Aberkane, N. (2021). 

Inventory and Distribution of Mosquitoes (Diptera, Culicidae) in the Aures Region (Batna, 

Algeria), Journal of Bioresource Management, 8 (4). DOI: 

https://doi.org/10.35691/JBM.1202.0202 

 Bendali F., Djebbar F. and Soltani N. (2001). Efficacité comparée de quelques espèces de 

poissons à l'égard de divers stades de Culex pipiens L. dans des conditions de laboratoire. 

Parasitica 57 (4), 255-265. 

 Berchi S (2000). Bioecology of Culex pipiens L. (Diptera: Culicidae) in the region of 

Constantine and perspectives of control. Doc. thesis. Univ. Constantine: pp 133. 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6755 to 10 
 

 Bouaoud L, Aissaoui L, Dor A. Diversity and Distribution of Culicidian Fauna in Urban and 

Rural Areas of Setif Region (North-East Algeria). Vector Borne Zoonotic Dis. 2024; 24(6):372-

381. doi: 10.1089/vbz.2023.0047.  

 Brem J, Elankeswaran B, Erne D, Hedrich N, Lovey T, Marzetta V, Salvado LT, Züger C, 

Schlagenhauf P. Dengue "homegrown" in Europe (2022 to 2023). New Microbes New Infect. 

2023; 56:101205. doi: 10.1016/j.nmni.2023.101205.  

 Brunhes J, Hassain K, Rhaim A, Hervy JP (2000). Species of Mediterranean Africa: Present 

species and distribution (Diptera, Nematocera). Bull Ent France extract., 105(2): 195-204. 

 Chahed, S., Belkacem, H., Boukhari, L., & Brahmi, K. (2022). Mosquito Survey in Tizi-Ouzou 

(Algeria Northern): Updated Inventory with New Reports, Journal of Bioresource 

Management, 9 (1). 

 Coffinet T, Rogier C, Pages F. 2009. Evaluation de l’agressivité des anophèles et du risque de 

transmission du paludisme, méthodes utilisées dans les armées françaises. Médecine Tropicale, 

69 : 1 

 Ducheyne, E., Tran Minh, N.N., Haddad, N. et al. Current and future distribution of Aedes 

aegypti and Aedes albopictus (Diptera: Culicidae) in WHO Eastern Mediterranean Region. Int 

J Health Geogr 17, 4 (2018). https://doi.org/10.1186/s12942-018-0125-0 

 Duvallet, G., Fontenille, D., & Robert V. (2017). Entomologie médicale et vétérinaire. Institut 

de recherche pour le développement/QUAE édition, Marseille, 688p. 

 Faraj C, Elkohli M, Lyagoubi M (2006) Cycle gonotrophique de Culex pipiens (Diptera : 

Culicidae), vecteur potentiel du virus West Nile, au Maroc : estimation de la durée en 

laboratoire. Bull de la Société de Pathologie Exotique 99:119–121 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6756 to 10 
 

 Ferraccioli, F., Riccetti, N., Fasano, A. et al. Effects of climatic and environmental factors on 

mosquito population inferred from West Nile virus surveillance in Greece. Sci Rep 13, 18803 

(2023). https://doi.org/10.1038/s41598-023-45666-3 

 Mouatassem TF, Faraj C, Guemmouh R, Rais N, Lalami AEO. Quantitative Inventory of 

Mosquito Larvae (Diptera: Culicidae) and Physicochemical Analysis of Aquatic Habitats in 

the Region of Fez, Morocco. Bull Soc Pathol Exot. 2019;112(2):105-113. doi: 10.3166/bspe-

2019-0084. 

 Garrido M, Veiga J, Garrigós M, Morales-Yuste M, Recuero-Gil J, Martínez-de la Puente J. 

Author Correction: Aedes albopictus in a recently invaded area in Spain: effects of trap type, 

locality, and season on mosquito captures. Sci Rep. 2024; 14(1):3880. doi: 10.1038/s41598-

024-54211-9. 

 Gherbi R, Bounechada M, Latrofa MS, Annoscia G, Tarallo VD, Dantas-Torres F, Otranto D. 

Phlebotomine sand flies and Leishmania species in a focus of cutaneous leishmaniasis in 

Algeria. PLoS Negl Trop Dis. 2020 ; 14(2) : e0008024. doi: 10.1371/journal.pntd.0008024. 

 Günay F, Picard M, Robert V. 2020. MosKeyTool, an interactive identification key for 

mosquitoes of Euro-Mediterranean. Version 2.2. Available at 

http://medilabsecure.com/moskeytool. Last update : 02/06/2022 

 Halimi, I., Kara-Toumi, F. Z., Lebbal, S., Mari, R., Ghorab, A., & Saidi, F. (2022). Biodiversity 

of Culicidae (Insecta: Diptera) in the Region of Khenchela (Northeast Algeria), Journal of 

Bioresource Management, 9 (3). 

 Hamaidia H. and Berchi, S., 2018 ‒ Systematic and biotypical study of the family Culicidae in 

the region of Tebessa (Algeria), International Journal of Mosquito Research, 5, 2, 39-46. 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6757 to 10 
 

 Hanafi-Bojd, A.A., Soleimani-Ahmadi, M., Doosti, S. and Azari-Hamidian, S., 2017. Larval 

habitats, affinity and diversity indices of Culicinae (Diptera: Culicidae) in southern Iran. Inter 

J Mosq Res, 4(2), pp.27-38. 

 Hawkes FM, Hopkins RJ. The mosquito: An introduction. In: Hall M, Tamïr D, editors. 

Mosquitopia: The Place of Pests in a Healthy World [Internet]. New York: Routledge; 2022. 

 Himmi O., Dakki M., Trari B. et EL Agbani M.A. (1995). Les Culicidae du Maroc : Clés 

d'identification, avec données biologiques et écologiques. Trav. Inst. Sci., Série Zool., 44, 

Rabat: 50p. 

 Khezzani B, Baymakova M, Khechekhouche EA, Tsachev I. Global warming and mosquito-

borne diseases in Africa: a narrative review. Pan Afr Med J. 2023; 44:70. doi: 

10.11604/pamj.2023.44.70.37318. 

 Kim HC, Rueda LM, Wilkerson RC, Foley DH, Sames WJ, Chong ST, Nunn PV, Klein TA. 

Distribution and larval habitats of Anopheles species in northern Gyeonggi Province, Republic 

of Korea. J Vector Ecol. 2011; 36(1):124-34. doi: 10.1111/j.1948-7134.2011.00149.x. 

 Matile L., (1993). Les diptères d’Europe occidentale. Société nouvelle des éditions Boubée 

édition, Volume 1, Paris : 439 

 Lafri I. et al., 2014. An inventory of mosquitoes (Diptera: Culicidae) in Algeria. Bulletin de la 

Société Zoologique de France. 139(1-4), 255-261. 

 Ladonni, H., Azari-Hamidian, S., Alizadeh, M., Abai, M.-R., Bakhshi, H., 2015. The fauna, 

habitats, and affinity indices of mosquito larvae (Diptera: Culicidae) in Central Iran. North 

West J Zool. 11, 76-85. 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6758 to 10 
 

 Meegan J.M., Khalil G.M., Hoogstraal H. and Adham F.K (1980). Experimental transmission 

and field isolation studies implicating Culex pipiens as a vector of Rift Valley fever virus in 

Egypt. Am J Trop Med Hyg. 29(6): 1405-10. 

 Merabti B, Boumaza M, Ouakid ML, Carvajal TM, Harbach RE. An updated checklist of the 

mosquitoes (Diptera: Culicidae) present in Algeria, with assessments of doubtful records and 

problematic species. Zootaxa. 2021 Sep 2;5027(4):515-545. doi: 10.11646/zootaxa.5027.4.3. 

 Mordecai EA, Caldwell JM, Grossman MK, Lippi CA, Johnson LR, Neira M, Rohr JR, Ryan 

SJ, Savage V, Shocket MS, Sippy R, Stewart Ibarra AM, Thomas MB, Villena O. Thermal 

biology of mosquito-borne disease. Ecol Lett. 2019; 22(10):1690-1708. doi: 

10.1111/ele.13335.  

 Mouchet J, Carnevale P, Cooseman SM, Julvez J, Manguin S (2004) Biodiversité du paludisme 

dans le monde. Editions John Libbey, Montrouge 

 Mwangangi JM, Midega J, Kahindi S, Njoroge L, Nzovu J, Githure J, Mbogo CM, Beier JC. 

Mosquito species abundance and diversity in Malindi, Kenya and their potential implication in 

pathogen transmission. Parasitol Res. 2012; 110(1):61-71. doi: 10.1007/s00436-011-2449-6. 

 Nabti, I., & Bounechada, M. (2020). Mosquito biodiversity in Setif region (Algerian high 

plains), density and species distribution across two climate zones. Entomologie faunistique-

Faunistic entomology. 

 Nebbak A, Almeras L, Parola P, Bitam I. Mosquito Vectors (Diptera: Culicidae) and Mosquito-

Borne Diseases in North Africa. Insects. 2022; 13(10):962. doi: 10.3390/insects13100962. 

 Nikookar SH, Fazeli-Dinan M, Azari-Hamidian S, Mousavinasab SN, Arabi M, Ziapour SP, 

Shojaee J, Enayati A. Species composition and abundance of mosquito larvae in relation with 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6759 to 10 
 

their habitat characteristics in Mazandaran Province, northern Iran. Bull Entomol Res. 2017; 

107(5):598-610. doi: 10.1017/S0007485317000074.  

 Ntoumba, A. A., Kojom Foko, L. P., Ekoko, W. E., Mekoulou Ndongo, J., Wepnje Bunda, G., 

Eya’ane Meva, F., & Lehman, L. G. (2021). Entomological characteristics of mosquitoes 

breeding sites in two areas of the town of Douala, Cameroon. International Journal of Tropical 

Insect Science, 41, 1313-1323. 

 S.M. Omrani, S. Azari-Hamidian, Vertical distribution, biodiversity, and some selective aspects 

of the physicochemical characteristics of the larval habitats of mosquitoes (Diptera: Culicidae) 

in chaharmahal and Bakhtiari province, Iran, International Journal of Epidemiologic Research 

7 (2) (2020) 74–91. 

 Oussad, N., Aouar_Sadli, M., & BenAli, Z. L. A. (2021). Diversity of Mosquitoes (Diptera, 

Culicidae) and Physico-Chemical Characterization of Th eir Larval Habitats in Tizi-Ouzou 

area, Algeria. Zoodiversity, 55(5). 

 Piyaratne MK, Amerasinghe FP, Amerasinghe PH, Konradsen F. Physico-chemical 

characteristics of Anopheles culicifacies and Anopheles varuna breeding water in a dry zone 

stream in Sri Lanka. J Vector Borne Dis. 2005; 42(2):61-7.  

 Poveda, G., Graham, N. E., Epstein, P. R., Rojas, W., Quiñones, M. L., Velez, I. D., & Martens, 

W. J. (2000). Climate and ENSO variability associated with vector-borne diseases in Colombia. 

El Niño and the southern oscillation, Multiscale variability and global and regional impacts, 1, 

183-204. 

 Rehimi N. & Soltani N., (1999). Laboratory evaluation of Alsystin, a chitin synthesis inhibitor 

against Culex pipiens pipiens L. (Dip., Culicidae) : effects on development and cuticle 

secretion. Journal of applied entomology, 123, 437-44 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6760 to 10 
 

 Robert Vincent, Ndiaye E.H., Rahola Nil, Le Goff Gilbert, Boussès Philippe, Diallo D., Le 

Goff Voahirana, Mariamé Lauriane, Diallo M. (2022).  Clés dichotomiques illustrées 

d'identification des femelles et des larves de moustiques (Diptera : Culicidae) du Burkina Faso, 

Cap-Vert, Gambie, Mali, Mauritanie, Niger, Sénégal et Tchad. Montpellier: IRD, 162 p. 

multigr 

 Rodhain F, Perez C (1985) Précis d'Entomologie Médicale et Vétérinaire. Maloine, Paris 

 Service MW (1993) Mosquito ecology, field sampling methods, 2nd edn. Chapman & Hall, 

London 

 Sofizadeh, A., Moosa-Kazemi, S. H., & Dehghan, H. (2017). Larval Habitats Characteristics 

of Mosquitoes (Diptera: Culicidae) in North-East of Iran. Journal of arthropod-borne diseases, 

11(2), 211–225. 

 Sofizadeh A, Shoraka HR, Mesgarian F, Ozbaki GM, Gharaninia A, Sahneh E, Dankoob R, 

Malaka A, Fallah S, Nemani S. Fauna and Larval Habitats Characteristics of Mosquitoes 

(Diptera: Culicidae) in Golestan Province, Northeast of Iran, 2014-2015. J Arthropod Borne 

Dis. 2018; 12(3):240-251. 

 Venturi G, Di Luca M, Fortuna C, Remoli ME, Riccardo F, Severini F, Toma L, Del Manso M, 

Benedetti E, Caporali MG, Amendola A, Fiorentini C, De Liberato C, Giammattei R, Romi R, 

Pezzotti P, Rezza G, Rizzo C. Detection of a chikungunya outbreak in Central Italy, August to 

September 2017. Euro Surveill. 2017; 22(39):17-00646. doi: 10.2807/1560-

7917.ES.2017.22.39.17-00646.  

 Zaim M. The distribution and larval habitat characteristics of Iranian Culicinae. J Am Mosq 

Control Assoc. 1987; 3(4):568-73. 

 



Farouk Madani/Afr.J.Bio.Sc. 6(15) (2024)                                         Page 6761 to 10 
 

Figures: 

Figure 1: Map shows sampling places in various municipalities of Setif Province. These comprise: 

Beni Fouda municipality (s1, s2, s3), Tachouda (s4, s5, s6, s7), Ouled Saber (s8), Beni Aziz (s9), 

Dehamcha (s10), Oued El Barad (s11, s12, s13), Ain Roua (s14), El Ouricia (s15), Setif (s16), Ain 

Oulmane (s17), Rosfa (s18, s19, s20), and Ouled Tebben (s21). 

Figure 2: A variety of fixed habitats of mosquito larvae in Setif Province: A: River edge in 

Ouled Saber, B: River edge in Dehamcha, C:  pond in Oued El Bered, D: Sewage in Rasfa, E: 

pond in Tachouda, F: grassland in Ain Oulmene, G : fountain in Setif, H : sewag in El Ouricia. 

Figure 3: Relative abundance and frequency of occurrence of mosquitoes inventoried in Setif 

province. 

Figure 4: The factorial correspondence analysis between mosquito species and the studied areas. 

Figure 5: Monthly relationships between temperature, rainfall and abundance of Culicidae (A), 

Monthly abundance distribution of Cx. pipiens and Cs. longiareolata (B). 

 

Tables: 

Table 1: Natural characteristics of the 21 breeding sites from the 12 study municipalities, Setif 

province. 

Table 2: Numbers, percentage, maximum diversity, equidistribution, and Shannon-Weaver 

diversity index values for Culicidae species collected in Setif region. 

Table 3: Abundance and percentage of larvae collected in habitats with different ecological 

characteristics, Setif Province, Algeria. 
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Figure 5 
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Table 1 

Municipality Locality Site 
Habitat 

types 

Larval habitat 

coordinates 

Altitude 

(m) 

Nature of 

breeding site 

Water 

appearance 

Organic 

substance 

Status of 

vegetation 
Sunlight status Origin of water 

Beni Fouda Oued El dahab 

1 
 

Rural 

36°15’29.20680’’ N 

5°6’40.67860’’ E 
902 Temporary Clean Without 

Out and Water 

surface 
Full sunlight River 

2 
36°15’38.26200’’ N 

5°38’3.61600’’ E 
855 Temporary Clean Without Without plant Full sunlight River 

3 
36°15’8.52690’’ N 

5°37’47.75730’’ E 
874 Temporary Muddy With Without plant Full sunlight Wastewater 

Tachouda 

Machtat 

Lahnache 

4 

Rural 

36°15’40.01480’’ N 

5°40’50.76050’’ E 
949 Permanent Turbid Without Out of water Shaded Wastewater 

5 
36°15’38.13550’’ N 

5°41’5.28070’’ E 
968 Permanent Muddy With Out of water Full sunlight Wastewater 

6 
36°15’45.84730’’ N 

5°40’43.03820’’ E 
945 Permanent Clean Without Water surface Full sunlight Tap water 

Machtat 

Boudhiaf 
7 

Rural 36°15’41.85320’’ N 

5°45’6.49120’’ E 
1254 Permanent Clean Without Water surface Partial sunlight River 

Ouled Saber Bir Abdellah 8 Rural 
36°9’12.14900’’ N 

5°35’40.53770’’ E 
1075 Temporary Clean Without Water surface Full sunlight Rainwater 

Beni Aziz El Karia 9 Rural 
36°26’55.93810’’ N 

5°37’58.12540’’ E 
627 Temporary Clean Without Water surface Full sunlight River 

Dehamcha Dehamcha 10 Rural 
36°25’19.72570’’ N 

5°38’55.65920’’ E 
607 Permanent Clean Without Water surface Partial sunlight River 

Oued El Bered Oued El Bered 

11 

Rural 

 

36°28’55.04390’’ N 

5°24’30.11040’’ E 
714 Permanent Clean Without 

Out \ water 

surface 
Full sunlight River 

12 
36°28’55.09340’’ N 

5°24’31.11710’’ E 
714 Temporary Clean Without Water surface Full sunlight River 

13 
36°28’55.75820’’ N 

5°24’33.53950’’ E 
714 Temporary Clean Without Water surface Full sunlight River 

Ain Roua Ain Roua 14 Rural 
36°19’36.27440’’ N 

5°7’17.08890’’ E 
968 Temporary Clean Without Out of water Full sunlight Rainwater 

El Ouricia El Ouricia 15 Urban 
36°17’13.31890’’ N 

5°24’54.46280’’ E 
1188 Permanent Muddy With Out of water Partial sunlight Wastewater 

Setif Setif 16 Urban 
36°12’3.45760’’ N 

5°21’59.87950’’ E 
1112 Temporary Clean Without Without plant Full sunlight Rainwater 

Aïn Oulmene Aïn Oulmene 17 Urban 
35°55’59.88240’’ N 

5°18’1.01060’’ E 
996 Temporary Turbid With Water surface Full sunlight Rainwater 

Rasfa Ras Isly 

18 

Rural 

35°45’14.90710’’ N 

5°12’0.78320’’ E 
1056 Permanent Muddy With Out of water Full sunlight Wastewater 

19 
35°45’15.25680’’ N 

5°11’56.44280’’ E 
1053 Temporary Muddy With Water surface Full sunlight Wastewater 

20 
35°45’15.06280’’ N 

5°11’56.13510’’ E 
1053 Temporary Turbid Without Out of water Partial sunlight Rainwater 

Ouled Tebben El Hammam 21 Rural 
35°47’11.17730’’ N 

5°7’27.54990’’ E 
1260 Permanent Clean Without Out of water Shaded River 
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Table 2 
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Species 

An. maculipennis - 6 - 60 123 5 44 - - - - - - 238 5.81 32 10.67 Accidental 

An. Multicolor 27 - - - 1 - 9 - - - - - - 37 0.90 7 2.33 Accidental 

Cx. deserticola 16 - 3 - 13 - 36 1 - - - - - 69 1.68 18 6 Accidental 

Cx. hortensis 8 - - - 10 - 77 1 - - - - - 96 2.34 20 6.67 Accidental 

Cx. laticinctus 2 - - - - - - 2 - - - 9 - 13 0.32 5 1.66 Rare 

Cx. modestus - - - - - - - - - - - 1 - 1 0.02 1 0.33 Rare 

Cx. pipiens 389 1422 20 - - - 15 75 - 284 62 431 147 2845 69.42 116 38.66 Accessory 

Cx. theileri 19 1 - 53 3 - - 20 - - - 24 - 110 2.68 20 6.67 Accidental 

Cx. tritaeniorhynchus - - - - - - - - - - - 6 - 6 0.15 2 0.67 Rare 

Cs. annulata 1 - - - - - - - - - - - 1 2 0.05 2 0.67 Rare 

Cs. longiareolata 318 39 - - - - 49 5 103 1 - 141 15 671 16.37 75 25 Accessory 

Ur. Unguiculata - - - - - - - - - - - - 10 10 0.24 2 0.67 Rare 

S/station 8 4 2 2 5 1 6 6 1 2 1 6 4 341.5 8.33 25 8.33  

Effective/station 770 1468 23 113 150 5 230 104 103 285 62 612 173 4098 100 300 100  

Total effective 4098 

H’ 1.51 bits 

H’ max 3.58 

E 0.42  
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Table 3 

 An. 

maculipennis 

An. 

multicolor 

Cx. 

deserticola 

Cx. 

hortensis 

Cx. 

laticinctus 

Cx. 

modestus 

Cx. 

pipiens 

Cx. 

theileri 

Cx. 

tritaeniorhynchus 

Cs. 

annulata 

Cs. 

longiareolata 

Ur. 

unguiculata 
Total 

Situation of water: p-value = 0.001 

Muddy - - - - 
6 

(46.15%) 
- 

1045 

(36.73%) 

8 

(7.27%) 

1 

(16.67%) 

1 

(50%) 

149 

(22.21%) 
- 

1210 

(29.53%) 

Clear 
238 

(100% 

37 

(100%) 

69 

(100%) 

96 

(100%) 

2 

(15.38%) 
- 

349 

(12.27%) 

78 

(70.91%) 
- 

1 

(50%) 

411 

(61.25%) 

10 

(100%) 

1291 

(31.50%) 

Turbid - - - - 
5 

(38.46%) 

1 

(100%) 

1451 

(51%) 

24 

(21.82%) 

5 

(83.33%) 
- 

111 

(16.54%) 
- 

1597 

(38.97%) 

Sunlight status: p-value = 0.001 

Shadow - - - - - - 
1389 

(48.82%) 

1 

(0.91%) 
- 

1 

(50%) 

49 

(7.30%) 

10 

(100%) 

1450 

(35.38%) 

Sunny 
233 

(97.9%) 

37 

(100%) 

66 

(95.65%) 

96 

(100%) 

8 

(61.54%) 
- 

946 

(33.25%) 

86 

(78.18%) 

1 

(16.67%) 

1 

(50%) 

526 

(78.39%) 
- 

2000 

(48.80%) 

Semi shade         
5 

(2.10%) 
- 

3 

(4.35%) 
- 

5 

(38.46%) 

1 

(100%) 

510 

(17.93%) 

23 

(20.91%) 

5 

(83.33%) 
- 

96 

(14.31%) 
- 

648 

(15.81%) 

Type of water: p-value = 0.001 

Permanent 
27 

(11.35%) 

5 

(13.51%) 

21 

(30.43%) 

20 

(20.83%) 
- - 

1 903 

(66.89%) 

56 

(50.91%) 
- 

1 

(50%) 

135 

(20.12%) 

10 

(100%) 

2178 

(53.15%) 

Temporary 
211 

(88.65%) 

32 

(86.49%) 

48 

(69.57%) 

76 

(79.17%) 

13 

(100%) 

1 

(100%) 

942 

(33.11%) 

54 

(49.09%) 

6 

(100%) 

1 

(50%) 

536 

(79.88%) 
- 

1920 

(46.85%) 

Status of vegetation: p-value = 0.001 

Out of water - - 
1 

(1.45%) 

1 

(1.04%) 

7 

(53.85%) 

1 

(100%) 

2202 

(77.40%) 

45 

(40.91%) 

5 

(83.33%) 

1 

(50%) 

202 

(30.10%) 

10 

(100%) 

2475 

(60.40%) 

Water 

surface 

34 

(14.28%) 

6 

(16.22%) 

23 

(33.33%) 

57 

(59.38%) 

4 

(30.77%) 
- 

259 

(9.10%) 

2 

(1.82%) 

1 

(16.67%) 
- 

78 

(11.62%) 
- 

464 

(11.32%) 

Out and 

Water 

surface 

204 

(85.72%) 

31 

(83.78%) 

31 

(44.92%) 

30 

(31.25%) 

 

- 
- - 

56 

(50.91%) 
- - 

26 

(3.87%) 
- 

378 

(9.22%) 

Without 

plant 
- - 

14 

(20.29%) 

8 

(8.33%) 

2 

(15.38%) 
- 

384 

(13.50%) 

7 

(6.36%) 
- 

1 

(50%) 

365 

(54.40%) 
- 

781 

(19.06%) 

Type of breeding sites: p-value = 0.001 

Natural 
238 

(100%) 

37 

(100%) 

69 

(100%) 

96 

(100%) 

7 

(53.85%) 

1 

(100%) 

1833 

(64.43%) 

102 

(92.73%) 

5 

(83.33%) 

1 

(50%) 

502 

(74.81%) 

10 

(100%) 

2901 

(70.79%) 

Artificial - - - - 
6 

(46.15%) 
- 

1012 

(35.57%) 

8 

(7.27%) 

1 

(16.67%) 

1 

(50%) 

169 

(25.19) 
- 

1197 

(29.21%) 

The larval habitats: p-value = 0.001 

Grassland 
6 

(2.52%) 
- - - - - 

70 

(2.46%) 
- - - 

7 

(1.04%) 
- 

83 

(2.03%) 

River edge 
216 

(90.75%) 

32 

(86.49%) 

50 

(72.46%) 

75 

(78.13%) 
- - 

73 

(2.57%) 

58 

(52.72%) 
- - 

263 

(39.19%) 
- 

767 

(18.72%) 

Pond 
16 

(6.72%) 

5 

(13.51%) 

19 

(27.54%) 

21 

(21.87%) 

7 

(53.85%) 

1 

(100%) 

1690 

(59.40%) 

44 

(40%) 

5 

(83.33%) 

1 

(50%) 

232 

(34.58%) 

10 

(100%) 

2051 

(50.05%) 

Sewage - - - - 
6 

(46.15%) 
- 

1012 

(35.57%) 

8 

(7.27%) 

1 

(16.67%) 

1 

(50%) 

66 

(9.84%) 
- 

1094 

(26.70%) 

Fountain - - - - - - - - - - 

103 

(15.35%) 

 

- 

103 

(2.51%) 

 


