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Abstract 
Anopheline mosquitoes (Diptera: Culicidae) consist of a large number of species. The distribution 

(Mapping) of malaria vectors is important for strategic planning and control strategies. Malaria risk 

within communities is usually associated with exposure to its vectors inside households (HHs) and 

necessarily with the existing larval habitats near the HHs. Studies were conducted from April 2020 to 

March 2022 in 4 areas/Hai of the Kodok locality (KL), Upper Nile State (UNS), Republic of South 

Sudan (RSS), to determine the indoor resting density and its seasonal changes, in addition to the number 

of Anopheles and other mosquitoes in a given room by adopting the pyrethrum spray sheet (PSS) 

collection technique for adults (80 HHs) and the dipping method for larval collection from 8 potential 

breeding sites. A total of 63,644 adults were collected and identified as follows: A. gambiae S.S. (68%), 

A. arabiensis (26%) and other mosquitoes (6%). The density / HH in the rainy- season (April -Oct.) 

varied between HHs; viz. A. gambiae s.s. (52-67) and A. arabiensis (20-28). In the dry -season (Nov. to 

March) the numbers were 2-12 and 0-5, respectively. A total of 7,704 larvae was collected, of which A. 

gambiae formed 88% and the other mosquitoes formed 12%, in the inspected breeding sites (384 visits). 

It is concluded that several Anopheles species are present in KL. A. gambiae is the dominant species 

during both dry -and wet –seasons. Densities were higher in the wet- than the dry-season. This 

information must be seriously considered during the vector control (VC) programs. 

 

Keywords: Kodok locality, Upper Nile State, South Sudan, Anopheles gambiae s.s, A. arabiensis, 

population density, seasonal changes 

 

1. Introduction 

Malaria is a major global public health problem and a leading cause of morbidity and mortality 

in many countries. Most of the people at risk of malaria in Africa live in areas where 

transmission is relatively intense and continuous [1]. Globally, mortality was estimated as 429, 

000 deaths from malaria, most of it (92%) occurred in the African Region [2, 3]. The peak 

period of transmission is during the rainy –season. Plasmodium falciparum is the dominant 

species of parasite and responsible for >90% of the cases in the RSS [4]. The parasites are 

transmitted by infected female mosquitoes of the genus Anopheles. The species are 

anthropophilic, bite in the morning or evening; others feed during the day indoors 

(endophagic) or outdoors (exophagic) [5, 6]. After emerging from pupae, mating takes place 

around dusk, when the males form swarms to which females are attracted [7]. The flight ranges 

of A. gambiae is within 1-2 km from suitable breeding sites [8]. The population density of this 

species is expected to vary according to the season in relationship to rainfall. This density in 

several countries increases quickly with the first rains and the maximum density is reached at 

the end of the rainy-season [9, 10]. Malaria transmission rates can differ depending on local 

factors, e.g. Rain-fall patterns, the proximity of mosquito breeding sites to people, and 

Anopheles mosquito species resting indoor in the area. Some regions have a fairly constant 

number of cases round the year. These countries are termed "malaria endemic"; in other areas 

there are malaria seasons, usually coinciding with the rainy -season [13, 14].  

Studies were conducted for 2 year in 4 areas (Hai) of the Kodok locality (KL), Upper Nile 

State (UNS), Republic of South Sudan (RSS), to study the habitats, breeding sites, the indoor 
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resting density and its seasonal changes, in addition to the 

number of Anopheles and other mosquitoes in a given room. 

 

2. Materials and methods 

2.1 Study area 

KL (Fig.1) is located in UNS (90 53’ N and 320 07’ E), the 

RSS. The locality lies in western bank of the White Nile 

River, 306m above sea level; 49% R.H., and a population of 

ca. 7,709 (National Census 2012); the natural vegetation 

consisted of grasses in swamps, and different tree species, 

mainly Acacia spp.  

 

 
 

Fig 1: Upper Nile State map and its Localities including Fashoda 

(Kodok) 
 

 

 
 

Fig 1: Map of Kodok town and locality. 

 

2.2 Study design 
This study was designed as a cross- sectional; counts were 

conducted bi-weekly using pyrethrum spray sheet (PSS) for 

mosquito collection from 80 households (HHs) in the 4 study 

areas (locally called Hai). These areas (Hai, sections) of 

Kodok were Bilpam, Ochugi, Nevasha and Salam. The study 

was conducted over 24 month period (April 2020 to March 

2022) in the 4 areas, during the 1st and 3rd wk of each month 

in both the HHs and the breeding sites.  

 

2.3. HHs 

HHs [20] were examined /day/hai; overall 80 HHs/KL. These 

HHs were randomly selected from a random list, choosing a 

1st block, and within the block 3 HHs were included.  

 

2.4 Breeding habitats 

Larval survey was carried out in 8 breeding habitats/sites in 

the abovementioned 4 areas. Larvae were collected from 2 

breeding sites / area; 10 dips were taken / breeding site. Two 

visits / month were achieved in both the permanent and the 

seasonal habitats (swamps, S; and wastewater; WW); overall 

348 visits.  

 

2.5 Entomological sampling method 

Pyrethrum spray sheet (PSS) collection method was adopted 

for indoor resting adults. Collection was from 7:30 to 11:00 

am after consent of HH occupant. All mosquitoes collected 

were preserved in labelled paper cups covered with mesh 

netting for each HH and each room. The larval survey was 

achieved using the dipping technique in the swamps (S) and 

man-made ponds/habitats (WW); specimens were sorted out 

(by species and area) and subjected to identification adopting 

the taxonomic keys [5, 6], using light microscope and lens. 

 

2.6 Data analysis 
The data were analyzed using SPSS software Program, 

ANOVA (Ver.16). The descriptive analysis was used. The 

data was analyzed step by step, and tabulated to explain the 

possible relationships between the variables (seasonality, dry- 

vs. rainy- season, HH density, and spatial distribution). 

 

3.1 Results  

3.1 Adult collection  

3.1.1 Anopheles spp. adults collected indoors 

The total number of mosquitoes collected during the surveys 

were 63,644. A. gambiae S.S. formed 68%, A. arabiensis 26% 

and the other mosquitoes 6% (Table 1; Fig.2). 

 
Table 1: Number of adults collected resting indoors over 24 months in 4 study areas of KL 

 

Area /Hai A. gambiae S.S. A. arabiensis *Others Total 

Bilpam 12,405 65% 5,324 28% 1,324 7% 19,053 

Nevasha 10,679 68% 4,058 26% 896 6% 15,633 

Ochugi 9,165 71% 3,175 24% 624 5% 12,964 

Salam 10,835 68% 4,283 27% 876 5% 15,994 

Total 43,084 68% 16,840 26% 3,720 6% 63,644 

 *Others: A. funestus, Culex and Aedes. 

 

3.1.2 The species distribution  

The collected mosquitoes were identified as follows /area: 

Bilpam (A. gambiae 65%, A. arabiensis 28%); Ochugi (A. 

gambiae 71%, A. arabiensis 24%), Salam (A. gambiae s.s 

68%, A. arabiensis 27%), and Nevasha (A. gambiae 68%, A. 

arabiensis 26%) (Table 1). Regarding the other mosquitoes 
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species, following the same order of areas, was as follows: 

7%, 5%, 5%, and 6%. The highest number of A. gambiae was 

collected from Ochugi (71%), whereas the lowest was that of 

Bilpam (65%). For A. arabiensis, the highest was that of 

Bilpam (28%), whereas the lowest in Ochugi (24%). 

 

3.1.3 Densities  

3.1.3.1 Resting indoors  

The density of A. gambiae complex /HH (rooms) varied 

between different HHs according to the season. During the 

rainy-season, A. gambiae ranged between 52- 67 and A. 

arabiensis 20-28. However, in the dry -season, A. gambiae 

s.s. registered only 2- 12 and A. arabiensis was 0-5 (Table 2). 

A. gambiae predominated, compared to the total indoor 

resting mosquito species (Table 1). These species were most 

abundant in the rainy- season (Figs. 2 and 3). Overall, indoor 

resting densities of vector species increased from April to 

September. 

 
Table 2: Densities of resting indoor /HH/day. 

 

Species No. of rooms Mean Density/ room Total 

A. gambiae s.s. 35 4.8 169 

A. arabiensis 35 1.8 66 

Others 35 0.3 11 

 
Table 3: Dry- and rainy- seasons densities of indoor resting mosquito species adults over 24 months. 

 

Species Season Mean SE (±) C.V.% 

A. gambiae s.s. 
Dry 4.11 0.21 5.1 

Rainy 20.23 0.55 2.7 

A. arabiensis 
Dry 2.11 0.12 5.6 

Rainy 8.73 0.22 2.5 

Others 
Dry 0.4 0.05 12.5 

Rainy 24.8 0.10 0.4 

 

3.1.3.2 Larval density  

The density of A. gambiae in swamps (S) proved to be higher 

than the WW (Table 4) and varied significantly between the 

sampling habitats. The highest number was found in Ochugi 

(71%), whereas the lowest in Bilpam (65%). However, for A. 

arabiensis, the highest number was reported in Bilpam (28%), 

while the lowest in Ochugi (24%). The high percentage of A. 

gambiae was found in S + WW (Salam). 

 

 
 

Fig 2: Distribution of A. gambiae S.S. and A. arabiensis adults at sites. 

 

3.4 Larval surveys 

3.4.1 Number collected in different areas/Hai 

Total number of mosquitoes larvae collected were 7,704. Of 

these A. gambiae formed 88% and other mosquitoes 12%, 

following 384 visits to the sites. The number of A. gambiae 

was recorded in the different areas of the study indicated the 

following: Ochugi, Bilpam, and Nevasha registered 87% of 

the collected population of the area, whereas Salam registered 

89%. Accordingly, KL is highly infested with A. gambiae 

87.59%; the other mosquito species formed only 12.4% 

(Table 4; Figs. 3 and 4). The high number of A. gambiae and 

A. arabiensis are found indoor in Bilpam. 

 
Table 4: Spatial composition of An. gambiae larvae and other mosquitoes over 24 months 

 

Location Breeding site A. gambiae *Others Total 

Ochugi S 1,778 87% 272 13% 2,050 

Bilpam S + WW 1,581 87% 229 13% 1,810 

Salam S + WW 1,942 89% 245 11% 2,187 

Nevasha WW 1,447 87% 210 13% 1,657 

Total  6,748 87.59 956 12.4 7,704 

*Others: A. funestus, Culex and Aedes. 

No. of dips = 96/ area S = swamp 

WW = wastewater 

https://www.dipterajournal.com/


International Journal of Mosquito Research https://www.dipterajournal.com 
 

17 

 
 

Fig 3: Average of monthly distribution of A. gambiae s.s. and A. arabiensis adults (April 2020 to Feb. 2022) in the locality. 

 

 
 

Fig 4: Distribution of A. gambiae s.s. and A. arabiensis adults resting indoor at different areas/Hai over 12 months. 

 

4. Discussion  

The abundance of Anopheles species in KL could be 

attributed to a number of factors, one of which is that some 

communities are located along the banks of the White Nile 

River. This river experiences seasonal flooding that provides 

favorable temporary and permanent breeding sites for this 

vector [11] like swamps and mane-made WW. The mean over 

24 months, in the different 4 studied areas, revealed that A. 

gambiae proved to be the main existing species, with very 

high numbers and density resting indoors. 

Hai Ochugi (swamps only) took the lead in numbers and 

density, followed by Salam (S + WW) and Nevasha (WW 

only); the lowest numbers and density was registered in Hai 

Bilpam (S+WW). A. arabiensis ranked 2nd.. Surprisingly, the 

highest numbers for the latter species collected resting indoors 

was registered in Bilpam, followed by Salam, and Nevasha; 

the lowest was that of Ochugi. This situation requires more 

research to investigate the reasons behind such phenomenon, 

where A. gambiae exists in higher numbers or density in some 

habitats or HHs, in the contrary, the other species exists in 

lower numbers and density. The counts of the other mosquito 

species in the 4 areas were by far lower than the main 2 

species. However, one cannot ignore their role as vectors for 

this disease. This also requires more intensive incrimination 

studies for the other existing species. 

The seasonal abundance and density of A. gambiae species 

results in KL covered some information gaps and is expected 

to improve the understanding on this vector and its role in 

malaria transmission in KL. The results confirmed that 

density of A. gambiae was influenced by rains and increased 

at the beginning of the rainy- season between April and 

September, similar to what is happening in the neighboring 

Sudanese states (viz. White Nile, Blue Nile, South Kordofan 

and South Darfur), other RSS states and the Ethiopian 

Zoogeographical Region [17, 18]. The density peaked towards 

the end of the rainy-season. The highest % A. gambiae was 

found in Ochugi 71% and A. arabiensis 28%, that is, the 

density of A. gambiae was rising during the 2 climatic seasons 

(dry- and rainy) in the 4 sites, followed by A. arabiensis as 

reported in 2017 [19]. 

The spatial distribution of A. gambiae was aggregated 

throughout the year, but the degree of aggregation increased 

during the rainy- season as reported by some African authors 
[20]. The high-density HHs persisted throughout the season, 

however, the high-density HHs values during the dry –season 

proved to be significantly different from those of the rainy- 

season. The locations of the hot-spots within each period 

(rainy- and dry -season) were the same between the 1st and 2nd 

yr. similar results were obtained in Nigeria [22].  

ANOVA results revealed significant differences in counts of 

A. gambiae in KL where it showed that the populations are 

significantly higher in HHs, especially in areas near to 

swamps, followed by A. arabiensis. The availability of 

permanent water sources complements vector survival by 

ensuring species that are best adapted to these kinds of 

habitats, e.g. A. gambiae, which is able to breed and sustain 

malaria transmission [23].  

Large permanent habitats with emergent aquatic vegetation 

are known to favor proliferation of Anopheles. The results of 

the present work showed that KL is heavily infested with A. 
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gambiae larvae (88%), whereas the other mosquito species 

formed as little as 12% of the collected larval population. A. 

gambiae larvae peaked in April and the lowest densities 

occurred in October to March. Hai Salam registered the 

highest percentage, followed by Nevasha, Ochugi and 

Bilpam. The lowest % of other species (A. funestus, Culex and 

Aedes) was found in Salam in all breeding sites. The density 

of A. gambiae in the swamps in the 3 areas were higher than 

WW during the study period, especially in Salam, and A. 

gambiae population density / swamp was higher for all the 

sites. This point requires more studies about the habitat 

physical and chemical properties. The larval density in the 

swamps for sure contributes strongly to the adult population 

density [24].The present study showed that mosquito larvae 

were abundant after the rainy- seasons, due to the formation 

and availability of larval habitats, particularly at the edges of 

White Nile River, which served to sustain Anopheles 

populations during the dry -seasons and it was observed that 

habitats that contained growing grass and other vegetation 

registered more Anopheles larvae than habitats without 

vegetation. This is in line with several authors [25, 26].The late 

instars were significantly higher in swamps, when compared 

to WW throughout the year, i.e. Swamps long-term 

contribution to larval productivity seems to be more 

important, since their water is available for longer period than 

the other habitats, which are liable to dryness. Other 

permanent water sources are located outside the study areas, 

e.g. River Nile located <1 km away. That is well within the 

flight range [27]. 
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