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Species Composition, Abundance, Distribution and Diversity of Culicidae in Essien Udim LGA, Akwa Ibom state, Nigeria


ABSTRACT
Mosquitoes are major vectors of pathogens responsible for diseases such as filariasis, malaria, and arboviral infections in sub-Saharan Africa, including Nigeria. Accurate species identification, including cryptic forms, is essential for effective vector surveillance and control. This study established baseline entomological data on mosquito populations in Essien Udim Local Government Area (L.G.A.), Akwa Ibom State. Biweekly sampling was conducted for 12 months using CDC light traps indoors and outdoors in four households each from Ukana Uwa West and Adiasim Ikot Essiendot. A total of 5,392 adult mosquitoes were collected, with Ukana Uwa West accounting for 3,762 (69.77%) and Adiasim Ikot Essiendot 1,630 (30.23%). Seven species were identified, dominated by Culex pipiens (4,414; 81.86%), while Mansonia africana was least abundant (24; 0.45%). Other species included An. bancrofti, An. gambiae, An. atratipes, Ae. aegypti, and M. uniformis. July recorded the highest mosquito density (1,271; 23.57%), whereas January had the lowest (59; 1.09%). Wet season collections (4,451; 82.55%) exceeded those of the dry season (941; 17.45%). Indoor collections were higher (3,071; 56.95%) than outdoor (2,321; 43.05%), though the difference was not statistically significant (P = 0.193; P > 0.05). Species richness was greater indoors (99 taxa) compared to outdoors (44 taxa), with Ukana Uwa West exhibiting higher diversity than Adiasim Ikot Essiendot. These findings reveal the high abundance of disease-vector mosquitoes in Essien Udim LGA, with Culex pipiens predominating, and underscore the urgent need for enhanced vector control interventions in the area.
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1. INTRODUCTION
Mosquitoes are globally distributed insects with remarkable adaptations that enable them to breed in diverse environments, ranging from clean and polluted water bodies to artificial containers such as buckets, tyres, discarded cans, and even hoof prints (El-Ela et al., 2024). Human activities including road construction, mining, and irrigation farming often create favourable breeding sites, inadvertently supporting mosquito proliferation (Lapang et al., 2019; Surrendran et al., 2019). These insects are commonly found around human settlements and are major vectors of several debilitating diseases, including malaria transmitted by Anopheles spp, filariasis transmitted by Culex, Anopheles, Aedes and Mansonia spp yellow fever, dengue, chikungunya, Zika fever transmitted by Aedes spp, and Japanese encephalitis and West Nile fever transmitted by Aedes and Culex spp. Such diseases contribute significantly to morbidity, mortality, and socio-economic losses (Msugh-Ter et al., 2017; Mistica et al., 2019; WHO, 2022). In addition, mosquitoes are capable of transmitting approximately 60 pathogens to animals (Service, 2012). Only female mosquitoes are of medical significance because they require blood meals for egg development. Their bites can cause pain, itching, and redness, and frequent scratching may lead to secondary bacterial infections (Service, 2012; Williams & Pinto, 2012).
Taxonomically, mosquitoes belong to the order Diptera and family Culicidae. They are classified into three subfamilies: Anophelinae, Culicinae, and Toxorhynchitinae (Service, 2012). Among these, only the Toxorhynchitinae are non-bloodsucking (Service, 2012). The subfamily Anophelinae comprises 476 species in three genera: Anopheles, Bironella, and Chagasia (Service, 2012). In contrast, Culicinae contains about 3,053 species and is taxonomically more complex (Service, 2012). Commonly encountered genera within this subfamily include Culex, Aedes, Sabethes, Mansonia, Culiseta, Psorophora, Wyeomyia, Haemagogus, and Armigeres.
The genus Anopheles comprises approximately 460 recognized species, many of which are significant vectors of human diseases (Service, 2012). Anopheles mosquitoes are particularly well known due to their major role in transmitting malaria and lymphatic filariasis to humans. Nigeria carries the highest global burden of both diseases, with an estimated 80–120 million people at risk (Hotez et al., 2012; WHO, 2022). Malaria, regarded as the most important parasitic disease of humans, remains endemic and is transmitted by anopheline mosquitoes in 84 countries inhabited by nearly three billion people (WHO, 2022). In 2021, an estimated 247 million malaria cases were reported worldwide, with 95% occurring in the World Health Organization (WHO) African Region, and Nigeria recording the highest number of cases (WHO, 2022). The same report indicated 619,000 malaria-related deaths in 2021, with approximately 96% of these deaths occurring in the African Region, primarily affecting pregnant women and children under five years of age (WHO, 2022).
The genus Culex includes about 715 species, of which at least 12 are known vectors of significant human, avian, and other animal diseases, including lymphatic filariasis, West Nile virus, Japanese encephalitis, and avian malaria (Brugman et al., 2018). Lymphatic filariasis, a neglected tropical disease, is caused by threadlike parasitic worms (Wuchereria bancrofti, Brugia malayi, and Brugia timori) transmitted by mosquitoes (WHO, 2018). This ancient disease imposes considerable social and economic burdens on affected individuals, families, and communities. Its chronic manifestations, more common in adult males, include severe damage to the lymphatic system, resulting in swelling of the legs, arms, or genitals. These symptoms often cause intense pain, loss of productivity, and social stigma (WHO, 2018).
Transmission of lymphatic filariasis involves several mosquito genera, primarily Anopheles, Culex, Aedes, and Mansonia (WHO, 2018). Nigeria bears a significant burden of lymphatic filariasis caused predominantly by Wuchereria bancrofti. With a population of approximately 186 million people, Nigeria is considered Africa’s most endemic country, with an estimated 80–120 million individuals at risk (Elkanah et al., 2018). The disease is widespread across all six geopolitical zones (Elkanah et al., 2017). Its socio-economic and psychological impact is profound, encompassing both the direct costs of treatment and indirect losses due to incapacitation and reduced productivity (Elkanah et al., 2017).
There have been increasing reports of the exportation of mosquito-borne diseases by travellers visiting Nigeria (Raut et al., 2015; Agwu et al., 2019). Shifts in human ecology and vector behaviour have significantly contributed to the rising incidence and geographic spread of these diseases (Liang et al., 2015). This situation is further exacerbated by insufficient commitment to effective mosquito control strategies (Wilson et al., 2020). Rapid globalization has facilitated the introduction of alien mosquito species and the international spread of arboviruses, as evidenced by imported cases in travellers and seroprevalence surveys. These trends highlight West Africa as an emerging hotspot for arbovirus surveillance and control (Stoler et al., 2014). Several factors drive the continued expansion of mosquito-borne diseases, including population growth, globalization of trade and travel, inadequate vector control, limited access to quality healthcare, rapid and unplanned urbanization in tropical regions, poor sanitation, declining public health infrastructure, invasion of non-native species, and the increasing resistance of mosquitoes and pathogens to insecticides and drugs (Stoler et al., 2014; Liang et al., 2015; Wilson et al., 2020).
Among the various tools available for sampling Afro-tropical indoor and outdoor host-seeking mosquitoes, the Centre for Disease Control (CDC) light trap has been widely utilized, though with variable success rates (Garrett-Jones & Magayuka, 1975; Maxwell et al., 1990; Lines et al., 1991; Mboera et al., 1998). The efficiency and limitations of CDC light traps have been extensively reviewed by Mboera (2005) and Amusan et al. (2005). In this study, the objective was to collect mosquitoes indoors and outdoors using CDC light traps to assess the species composition and abundance of nocturnal host-seeking mosquitoes in Ukana Uwa West and Adiasim Ikot Essiendot, located in Essien Udim Local Government Area, Akwa Ibom State, Nigeria, identify the mosquito species present and evaluate their distribution, abundance, and diversity in the study area.

2. MATERIALS AND METHODS
2.1 Description of Study Area
The study was conducted in the communities of Ukana Uwa West and Adiasim Ikot Essiendot, located within Essien Udim Local Government Area (LGA) of Akwa Ibom State, Nigeria. Essien Udim, an Annang-speaking LGA, was carved out of the former Ikot Ekpene Division on May 3, 1989. According to the 2006 National Population Census, the area had a population of 193,257, with a projected increase to 236,188 by 2012 (NPC, 2006; Statistical Yearbook, 2013). Geographically, Essien Udim is bordered to the north and west by Abia State, to the south by Abak, Etim Ekpo, and Ika LGAs, and to the east by Ikot Ekpene and Ikono LGAs. The area experiences a tropical climate characterized by two distinct seasons: a dry season from November to March and a wet season from April to October, with a short dry spell in August locally referred to as the “August Break.” Average monthly relative humidity ranges between 51% and 89%, while the annual rainfall is approximately 247 mm³. Temperatures remain consistently high throughout the year, typically ranging from 23°C to 31.7°C (Statistical Yearbook, 2013). Three tributaries of the Qua River traverse the area, contributing to its network of natural water bodies.
The inhabitants of Essien Udim are primarily engaged in agriculture, hunting, wood carving, raffia craft production, and palm wine tapping, while others are employed as civil servants. The area is served by schools, healthcare facilities, markets, and an expanding road network. Essien Udim comprises twelve major clans, including Afaha, Adiasim, Odoro Ikot, Ekpenyong Atai, Ikpe Annang, Okon, Ukana West, and Ukana East. The study communities, Ukana Uwa West and Adiasim Ikot Essiendot, belong to the Ukana West and Adiasim clans, respectively. Christianity is the predominant religion in the area, although traditional beliefs are still practiced. In recent years, rapid infrastructural development and population growth have contributed to significant environmental changes. These changes have led to the proliferation of artificial mosquito breeding habitats, complementing existing natural water bodies that support mosquito larval development.

[bookmark: _Hlk204755529]
2.2 	Collection of Adult Mosquitoes 
[bookmark: _Hlk204755785][bookmark: _Hlk204755870]Adult mosquitoes were collected indoor and outdoor in Ukana Uwa West and Adiasim Ikot Essiendot communities in Essien Udim Local Government Area of Akwa Ibom State using the Centre for Disease Control Light Trap (CDC- LT) from June 2023 to May 2024. At each community, four houses were randomly selected, ensuring a minimum distance of 50 meters between them as described by Alves et al. (2024). The selected houses varied in construction, featuring either cement or mud walls, painted or unpainted surfaces, and roofs made of sheet metal or traditional materials, with or without ceilings. In each household where indoor and outdoor mosquito collection was permitted, the procedure was explained to the household head, who provided their consent before the collection took place.  To collect mosquitoes, CDC light traps (Model 512; John W. Hock Company, Gainesville, FL, USA) were operated overnight bimonthly in each of the eight houses in the two communities. Each night, collections were conducted in different houses. Indoor traps were installed approximately 150 cm above the ground at the foot end of the sleeping area, where individuals slept under an untreated mosquito net according to the method described by Alves et al. (2024). The outdoor traps were placed next to livestock sheds or within a distance no more than 5 m from the house containing the indoor trap as described by Bartilol et al. (2024).
[bookmark: _Hlk204755834] 	As described by Amusan et al. (2005), the bases of the traps were wetted with water while the strings suspending the traps were greased with Vaseline to prevent ants getting into the catching bags and eating the mosquitoes. Traps were switched on at 18:00 hour local time and were switched off at 06:00 hour after having tied the neck of the collection bag. Mosquitoes were attracted to the brightness of the light at night and they entered the hood of the trap where they were exposed to a strong downward air current produced by an electric motor fan. The mosquitoes were trapped into a funnel mesh screen, which were later taken to the laboratory for identification as described by Amusan et al. (2005). All mosquitoes collected from the traps were removed from the catching bags using an aspirator and preserved individually in Eppendorf tubes containing a desiccant (silica gel) and labeled according to where and when they were collected and transported to the Laboratory for molecular analysis.

[bookmark: _GoBack]2.3	Statistical Analysis
	The data generated in this study were analyzed using the Statistical Package for Social Sciences (SPSS), version 21. Analysis of Variance (ANOVA) and the t-test was employed to compare differences in mosquito populations at a 5% level of significance. Simpson’s Dominance Index was used to assess the prevalence of various mosquito species, while the Shannon-Wiener Index was applied to evaluate species diversity within the study area.

3. RESULTS AND DISCUSSION
3.1 	Results
3.1.1 	Mosquito Abundance
A total of 5,392 adult mosquitoes were collected over a 12-month period from eight households across two communities in Essien Udim L.G.A. using the CDC light trap method (Table 1). Of this total, Ukana Uwa West accounted for the majority, with 3,762 mosquitoes (69.77%), while 1,630 mosquitoes (30.23%) were collected from Adiasim Ikot Essiendot. There was however significant difference (p < 0.05; p = 0.005) in the number of mosquitoes caught from the two communities (Table 1).
   	Seven mosquito species were identified from the total collection (Table 1). Culex pipiens was the most abundant, comprising 4,414 individuals (81.86%) of the total catch. The least abundant species was Mansonia africana, with only 24 individuals (0.45%). Other species included Anopheles bancrofti (512; 9.50%), Anopheles gambiae (253; 4.69%), Anopheles atratipes (101; 1.87%), Aedes aegypti (50; 0.93%), and Mansonia uniformis (38; 0.70%). Ukana Uwa West recorded a greater diversity of mosquito species compared to Adiasim Ikot Essiendot. There was significant difference (p < 0.05; p = 0.0001) in the number of Culex pipiens and other species of mosquitoes caught from the two communities. Notably, no mosquitoes from the Mansonia genus were captured in Adiasim Ikot Essiendot during the study period (Table 1).

Table 1:	Abundance of Mosquito Species in Essien Udim L.G.A.
	Species
	U       (%)
	A        (%)
	Total    (%)

	Culex pipiens complex
	3044 (80.91)
	1370 (84.05)
	4414 (81.86)

	Anopheles gambiae s.l
	185 (4.92)
	68 (4.17)
	253 (4.69)

	Anopheles bancrofti
	364 (9.68)
	148 (9.08)
	512 (9.50)

	Anopheles atratipes
	71 (1.89)
	30 (1.84)
	101 (1.87)

	Mansonia uniformis
	38 (1.01)
	0 (0.00)
	38 (0.70)

	Mansonia africana
	24 (0.64)
	0 (0.00)
	24 (0.45)

	Aedes aegypti
	36 (0.96)
	14 (0.86)
	50 (0.93)

	Total
	3762 (69.77)
	1630 (30.23)
	5392 (100.00)

	t 
	3.554
	

	df
	11
	

	p Value
	0.005*
	 


U- Ukana Uwa West
A - Adiasim Ikot Essiendot
* - Significant

3.1.2 	MONTHLY DISTRIBUTION OF MOSQUITOES
The monthly distribution of mosquito abundance is presented in Table 2a. The highest mosquito density was recorded in July, with 948 individuals collected in Ukana Uwa West and 323 in Adiasim Ikot Essiendot. In contrast, January recorded the lowest abundance, with 45 mosquitoes in Ukana Uwa West and 14 in Adiasim Ikot Essiendot. When combined across both communities, July accounted for the highest mosquito population (1,271; 23.57%), while January recorded the lowest (59; 1.09%). The monthly percentage distribution of mosquito species is shown in Table 2b. Throughout the study period, Culex pipiens was consistently the most abundant species in all months and both communities. Mansonia africana had the lowest occurrence (Figure 1).









	Species
	June
	July
	August
	September
	October
	November
	December
	January
	February
	March
	April
	May
	Total

	
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A
	U
	A

	Culex pipiens complex
	190
	115
	735
	255
	495
	176
	360
	168
	219
	110
	127
	75
	78
	48
	38
	13
	132
	102
	145
	87
	255
	91
	270
	130
	3044
	1370

	Anopheles gambiae s.l
	26
	11
	67
	22
	34
	13
	33
	15
	7
	1
	2
	0
	0
	0
	0
	0
	0
	0
	1
	1
	2
	0
	13
	5
	185
	68

	Anopheles bancrofti
	39
	18
	95
	34
	44
	15
	49
	27
	28
	17
	13
	1
	5
	0
	5
	1
	21
	6
	16
	9
	25
	8
	24
	12
	364
	148

	Anopheles atratipes
	12
	8
	27
	10
	6
	6
	14
	0
	7
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5
	4
	71
	30

	Mansonia uniformis
	6
	0
	13
	0
	2
	0
	1
	0
	2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	4
	0
	7
	0
	2
	0
	38
	0

	Mansonia africana
	0
	0
	2
	0
	3
	0
	2
	0
	5
	0
	3
	0
	0
	0
	1
	0
	0
	0
	3
	0
	4
	0
	1
	0
	24
	0

	Aedes aegypti
	7
	4
	9
	2
	5
	3
	3
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0
	5
	0
	4
	3
	36
	14


Table 2a:	Monthly Distribution of Mosquito Species in the Two Study Communities in Essien Udim L.G.A.

U- Ukana Uwa West
A - Adiasim Ikot Essiendot












Table 2b:	Monthly Percentage Distribution of Mosquito Species in Essien Udim L.G.A.
	Species
	June
	July
	August
	September
	October
	November
	December
	January
	February
	March
	April
	May
	Total

	Culex pipiens complex
	305
	990
	671
	528
	329
	202
	126
	51
	234
	232
	346
	400
	4414

	Anopheles gambiae s.l
	37
	89
	47
	48
	8
	2
	0
	0
	0
	2
	2
	18
	253

	Anopheles bancrofti
	 57
	129
	59
	76
	45
	14
	5
	6
	27
	25
	33
	36
	512

	Anopheles atratipes
	20
	37
	12
	14
	9
	0
	0
	0
	0
	0
	0
	9
	101

	Mansonia uniformis
	6
	13
	2
	1
	2
	0
	0
	1
	0
	4
	7
	2
	38

	Mansonia Africana
	0
	2
	3
	2
	5
	3
	0
	1
	0
	3
	4
	1
	24

	Aedes aegypti
	11
	11
	8
	5
	0
	0
	0
	0
	0
	3
	5
	7
	50

	Total (%)
	436 (8.09)
	1271 (23.57)
	802 (14.87)
	674 (12.50)
	398 (7.38)
	221 
(4.09)
	131 
(2.43)
	59 
(1.09)
	261 
(5.19)
	296 
(5.49)
	397 
(7.36)
	473
(8.77)
	5392 (100)













Figure 1: Monthly Abundance of Mosquito species in Essien Udim L.G.A.






















3.1.3 	SEASONAL VARIATION IN MOSQUITO ABUNDANCE
A seasonal comparison revealed a markedly higher mosquito abundance during the wet season (April–October) compared to the dry season (November–March). A total of 4,451 mosquitoes (82.55%) were collected during the wet season, whereas only 941 (17.45%) were recorded in the dry season (Table 3). Ukana Uwa West recorded a higher proportion of the wet season catch, with 3,164 mosquitoes (71.09%), while Adiasim Ikot Essiendot accounted for 1,287 (28.91%). During the dry season, 598 mosquitoes (63.55%) were collected from Ukana Uwa West and 343 (36.45%) from Adiasim Ikot Essiendot (Table 3). Statistical analysis indicated a significant difference (p < 0.05; p = 0.021) in mosquito abundance between the wet and dry seasons across the two communities. During the wet season, Culex pipiens was the predominant species, representing 3,569 individuals (80.18%), while Mansonia africana had the lowest occurrence, with only 17 individuals (0.38%) (Table 3). In Ukana Uwa West, Culex pipiens similarly dominated with 2,524 individuals (79.77%), whereas Mansonia africana was the least represented with 17 individuals (0.54%). In Adiasim Ikot Essiendot, Culex pipiens remained the most prevalent species (1,045; 81.20%), while Aedes aegypti recorded the lowest abundance during the wet season. This trend persisted in the dry season, with Culex pipiens maintaining its dominance in both communities (Table 3).

















	Species
	Wet Season
	Dry Season
	Wet (%)
	Dry (%)
	Total (%)

	
	U (%)
	A (%)
	U (%)
	A (%)
	
	
	

	Culex pipiens complex
	2524 (79.77)
	1045 (81.20)
	520 (86.96)
	325 (94.75)
	3569 (80.18)
	845 (89.80)
	4414 (81.86)

	Anopheles gambiae s.l
	182 (5.75)
	67 (5.21)
	3 (0.50)
	1 (0.29)
	249 (5.59)
	4 (0.43)
	253 (4.69)

	Anopheles bancrofti
	304 (9.61)
	131 (10.18)
	60 (10.03)
	17 (4.96)
	435 (9.77)
	77 (8.18)
	512 (9.50)

	Anopheles atratipes
	71 (2.24)
	30 (2.33)
	0 (0.00)
	0 (0.00)
	101 (2.27)
	0 (0.00)
	101 (1.87)

	Mansonia uniformis
	33 (1.04)
	0 (0.00)
	5 (0.84)
	0 (0.00)
	33 (0.74)
	5 (0.53)
	38 (0.70)

	Mansonia africana
	17 (0.54)
	0 (0.00)
	7 (1.17)
	0 (0.00)
	17 (0.38)
	7 (0.74)
	24 (0.45)

	Aedes aegypti
	33 (1.04)
	14 (1.09)
	3 (0.50)
	0 (0.00)
	47 (1.06)
	3 (0.32)
	50 (0.93)

	Total
	3164 (71.09)
	1287 (28.91)
	598 (63.55)
	343 (36.45)
	4451 (82.55)
	941 (17.45)
	5392 (100.00)

	t
	1.321
	1.348
	3.506
	

	df
	6
	6
	9
	

	p Value
	0.235ns
	0.226ns
	0.021*
	 


Table 3: Seasonal Abundance of Mosquito Species in Essien Udim

   











U- Ukana Uwa West
A - Adiasim Ikot Essiendot
Ns- Not significant
            *- Significant


3.1.4 INDOOR AND OUTDOOR DISTRIBUTION OF MOSQUITOES
The indoor and outdoor distribution of mosquitoes collected using CDC light traps is presented in Table 4a. Overall, mosquito abundance was higher indoors, with a total of 3,071 individuals (56.95%), compared to 2,321 (43.05%) collected outdoors. Statistical analysis revealed no significant difference (p > 0.05; p = 0.193) between indoor and outdoor catches (Table 4a). Culex pipiens was the most abundant species in both environments. Indoors, it accounted for 2,159 individuals (70.30% of the total indoor catch), whereas Mansonia africana was the least abundant, with only 18 individuals (0.59%) (Tables 4a and 4b). Other indoor species included Anopheles bancrofti (491; 15.99%), An. gambiae (253; 8.24%), An. atratipes (101; 3.29%), Mansonia uniformis (29; 0.94%), and Aedes aegypti (20; 0.65%). Outdoors, Culex pipiens dominated overwhelmingly, representing 2,255 individuals (97.16% of the outdoor catch) (Tables 4b). Mansonia africana was again the least abundant species, with only 6 individuals (0.26%). Other species collected outdoors included Aedes aegypti (30; 1.29%), An. bancrofti (21; 0.90%), and M. uniformis (9; 0.39%). Notably, An. gambiae and An. atratipes were not detected in any outdoor collections throughout the study period (Tables 4a and 4b).

	Species
	Indoor (%)
	Outdoor (%)
	Total (%)

	
	
	
	

	Culex pipiens complex
	2159 (70.30)
	2255 (97.16)
	4414 (81.86)

	Anopheles gambiae s.l
	253 (8.24)
	0 (0.00)
	253 (4.69)

	Anopheles bancrofti
	491 (15.99)
	21 (0.90)
	512 (9.50)

	Anopheles atratipes
	101 (3.29)
	0 (0.00)
	101 (1.87)

	Mansonia uniformis
	29 (0.94)
	9 (0.39)
	38 (0.70)

	Mansonia africana
	18 (0.59)
	6 (0.26)
	24 (0.45)

	Aedes aegypti
	20 (0.65)
	30 (1.29)
	50 (0.93)

	Total
	3071 (56.95)
	2321 (43.05)
	5392 (100.00)

	t
	1.465
	

	df
	6
	

	p Value
	0.193ns
	 


Table 4a: Indoor and Outdoor Distribution of Mosquito Species in Essien Udim L.G.A.




Table 4b: Monthly Abundance of Indoor and Outdoor of Mosquito Species in Essien Udim L.G.A.
	Species
	June
	July
	August
	September
	October
	November
	December
	January
	February
	March
	April
	May
	Total

	
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O
	I
	O

	Culex pipiens complex
	150
	155
	536
	454
	385
	286
	254
	274
	156
	173
	90
	112
	42
	84
	12
	39
	146
	88
	88
	144
	133
	213
	167
	233
	2159
	2255

	Anopheles gambiae s.l
	37
	0
	89
	0
	47
	0
	48
	0
	8
	0
	2
	0
	0
	0
	0
	0
	0
	0
	2
	0
	2
	0
	18
	0
	253
	0

	Anopheles bancrofti
	57
	0
	129
	0
	59
	0
	76
	0
	45
	0
	14
	0
	5
	0
	6
	0
	6
	21
	25
	0
	33
	0
	36
	0
	491
	21

	Anopheles atratipes
	20
	0
	37
	0
	12
	0
	14
	0
	9
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	9
	0
	101
	0

	Mansonia uniformis
	4
	2
	8
	5
	2
	0
	1
	0
	2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	4
	0
	5
	2
	2
	0
	29
	9

	Mansonia africana
	0
	0
	2
	0
	1
	2
	0
	2
	4
	1
	3
	0
	0
	0
	1
	0
	0
	0
	3
	0
	3
	1
	1
	0
	18
	6

	Aedes aegypti
	5
	6
	7
	4
	3
	5
	1
	4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0
	5
	4
	3
	20
	30



I - Indoor
O- Outdoor








3.1.5 	DIVERSITY INDICES OF MOSQUITOES
The diversity indices of mosquitoes collected indoors and outdoors in the two study communities are presented in Table 5. Overall, indoor collections exhibited higher species richness (Taxa_S), with 99 species recorded compared to 44 species in outdoor collections. This pattern was consistent across both locations, with Ukana Uwa West displaying greater species richness than Adiasim Ikot Essiendot. Dominance (D) values indicated that indoor collections had a lower dominance index (0.04301), reflecting a more even distribution of species, whereas outdoor collections showed a higher dominance index (0.06262), suggesting a greater concentration of individuals within a few species. Dominance was slightly higher in Ukana Uwa West than in Adiasim Ikot Essiendot, indicating a relatively more uneven species composition in that community.

Table 5:	Diversity Indices of Indoor and Outdoor Mosquitoes in Essien Udim L.G.A.
	Diversity Indices
	Adiasi Ikot Essiendot
	Ukana Uwa West
	Total

	
	Indoor
	Outdoor
	Indoor
	Outdoor
	Indoor
	Outdoor

	Taxa_S
	39
	17
	60
	27
	99
	44

	Individuals
	939
	691
	2132
	1630
	3071
	2321

	Dominance_D
	0.06726
	0.102
	0.07619
	0.1086
	0.04301
	0.06262

	Simpson_1-D
	0.9327
	0.898
	0.9238
	0.8914
	0.957
	0.9374

	Shannon_H
	3.026
	2.41
	3.086
	2.45
	3.683
	3.047

	Evenness_e^H/S
	0.5287
	0.6552
	0.3647
	0.4291
	0.4017
	0.4784

	Brillouin
	2.943
	2.358
	3.029
	2.415
	3.617
	3.005

	Menhinick
	1.273
	0.6467
	1.299
	0.6688
	1.786
	0.9133

	Margalef
	5.552
	2.447
	7.698
	3.515
	12.2
	5.549

	Equitability_J
	0.826
	0.8508
	0.7536
	0.7433
	0.8015
	0.8052

	Fisher_alpha
	8.215
	3.151
	11.47
	4.597
	19.55
	7.704

	Berger-Parker
	0.1438
	0.1737
	0.1881
	0.2049
	0.1306
	0.1439

	Chao-1
	49.5
	17.25
	62.33
	27.5
	108.1
	45.11




3.2 	DISCUSSION
A substantial number of adult mosquitoes (5,392) were collected using the CDC light trap during this study, which exceeds the 1,150 mosquitoes reported by Onyido et al. (2016) in Nibo community, the 516 collected by Umeanaeto et al. (2017) in the female hostel of Nnamdi Azikiwe University, Awka South LGA, and the 2,319 mosquitoes recorded by Okonkwo et al. (2014) in Oba community, Anambra State. The higher mosquito count in this study may be attributed to the extended sampling duration of 12 months, compared to less than six months in the aforementioned studies. Additionally, the sampling in this study was conducted across two communities and eight catching points (both indoor and outdoor), which likely contributed to the increased yield. However, Amusan et al. (2005) recorded an even higher number of mosquitoes (47,501) in Ajana and Ikenne communities of Ogun State. Their larger count may be due to their weekly collection method, in contrast to the bimonthly approach used in the present study.
[bookmark: _Hlk209875890]The seven mosquito species identified in this study (An. gambiae, An. bancrofti, An. atratipes: Anophelines and Aedes aegypti Culex pipiens, Mansonia africana, M. uniformis: Culicines) have also been reported in some studies. For instance, Dyab et al. (2015) reported Culex pipiens in Assiut Governorate, Egypt. In parts of Nigeria, Mbanugo & Okpalaononuju (2003) reported Ae. aegypti and C. quinquefasciatus in Awka metropolis, Anambra state. Amusan et al. (2005) recorded M. africana and M. uniformis in Ajana and Ikenne, Ogun state. Similarly, studies by Okogun et al. (2005), Umaru et al. (2006), Oguoma and Ikpeze (2008), Onyido et al. (2009), Adeleke et al., (2010) and Abdullahi et al. (2010) have documented similar mosquito species across different regions of Nigeria. Other studies by Okonkwo et al. (2014) found An. gambiae and Ae. aegypti in Oba Anambra state. In Uyo, Akwa Ibom state, An. gambiae was collected by Atting & Akpan (2016) and Atting et al., (2019). Onyido et al. (2016) 	also reported An. gambiae, C. quinquefasciatus, Ae. aegypti, and Ae. albopictus in Nibo community Anambra state. Umeanaeto et al. (2017) identified An. gambiae, An. funestus, C. quinquefasciatus, and C. annulioris in female hostels at Nnamdi Azikiwe University Awka, Anambra state. However, there has been no report of An. bancrofti and An. atratipes yet in Nigeria. Thus, this study in Essien Udim is the first to document the presence of these Anopheles species in Nigeria.
All the mosquito species identified in this study (Anopheles gambiae, An. bancrofti, An. atratipes, Aedes aegypti, Culex pipiens, Mansonia africana, and M. uniformis) were found in Ukana Uwa West community. In Adiasim Ikot Essiendot community, all species were found except M. africana and M. uniformis. In Ukana Uwa West community, some of the buildings sampled were located near forested areas. This may explain the presence of Mansonia species observed in that locality during the study.  Also, the lower number of diurnal species Aedes aegypti may be attributed to the use of CDC light traps designed to capture nocturnal species. Notably, An. gambiae and An. atratipes were collected exclusively indoors across both locations. Indoor mosquito collections were generally higher than outdoor collections in both communities. The higher abundance of Culex pipiens in this study is consistent with findings by Dyab et al. (2015) in Assiut Governorate, Egypt, Awka metropolis (Mbanugo & Okpalaononuju, 2003), Midwestern Nigeria (Okogun et al., 2005), and Akure South, Ondo State (Afolabi et al., 2019). However, this observation contrasts with studies in Katsina State (Bunza et al., 2010) and North Central Nigeria (Oguoma and Ikpeze, 2008), where Anopheles species were reported as the most dominant. It also differs from the findings of Amusan et al. (2005), who recorded M. uniformis as the most prevalent species. These regional variations in mosquito abundance may be attributed to environmental factors, particularly the availability of specific breeding sites that favour certain species. The dominance of Culex pipiens in the present study may be explained by the presence of large, blocked drainages and heavily polluted stagnant water which serve as ideal breeding habitats for Culex mosquitoes. Similar trends have been documented in other studies across Nigeria (Mbanugo & Okpalaononuju, 2003; Onyido et al., 2016; Umeanaeto et al., 2017; Afolabi et al., 2019).
A total of seven mosquito species made up the 3,071 mosquitoes collected indoors. Their presence indoors is likely due to nearby breeding sites such as ground pools, man-made containers, and plant axils close to houses. These mosquitoes may breed in these habitats and then enter homes to feed on human blood. This finding aligns with a study in Awka North L.G.A., Anambra State, where Aribodor et al. (2016) attributed indoor mosquito prevalence to similar breeding environments, including ground water pools, domestic containers, plant axils and surrounding vegetation. Among the indoor-collected species, Culex pipiens was the most abundant. This observation supports findings by Mohammed et al. (2021) in Kura L.G.A., North-Western Nigeria, where Culex pipiens was the dominant indoor mosquito, as well as Hamza et al. (2024) in Dutse, Jigawa State, who also reported it as the predominant indoor species. However, this contrasts with reports by Aribodor (2012) in Nimo, Anambra State, and Onyido et al. (2016) in the same region, where Anopheles species particularly, An. gambiae were found to be the most abundant and also the primary malaria vector. Despite these differences, a notable number of Anopheles mosquitoes were found indoors in this study, with An. gambiae and An. atratipes exclusively recorded indoors. Their presence may be linked to favourable environmental and climatic conditions that support larval development, such as optimal levels of physicochemical parameters in breeding sites. This is consistent with Amaechi et al. (2014), who observed high indoor mosquito indices especially Anopheles species in Asa-Obingwu, a rural community in Abia State, due to the proximity of homes to water-logged farmlands. The high abundance of indoor mosquitoes recorded in this study suggests a significant risk for mosquito-borne disease outbreaks, if such pathogens are introduced into the area.
[bookmark: _Hlk204327185]A total of 2,321 mosquitoes were collected outdoors using the CDC light trap method from two communities. Culex pipiens recorded the highest percentage distribution (97.16%), while Mansonia africana had the lowest representation (0.26%). Interestingly, Anopheles gambiae and Anopheles atratipes were not collected outdoors, with only Anopheles bancrofti observed in outdoor collections. This finding is consistent with the report by Ezihe et al. (2017), which documented low outdoor presence of Anopheles species in Enugu, Nigeria. Several of the outdoor mosquito species recorded in this study have also been reported by Okogun et al. (2005) in Mid-Western Nigeria, Oguoma & Ikpeze (2008) in Gewaza (North-Central Nigeria), Onyido et al. (2009) in Enugu Municipality (South-Eastern Nigeria), and Pol et al. (2018) in New Caledonia (an island in France).
The mosquito species collected outdoors in Essien Udim L.G.A. are of significant public health concern, as many are proven vectors of mosquito-borne diseases. Culex pipiens, the most dominant outdoor species, has been identified as a vector of lymphatic filariasis (Dyab et al., 2015). This suggests that any introduction of lymphatic filariasis-causing parasites into the area could lead to an outbreak. Consequently, the inhabitants of Essien Udim L.G.A are at potential risk of contracting lymphatic filariasis, primarily transmitted by Culex pipiens.
Other mosquito genera collected Aedes, Anopheles, Culex, and Mansonia are also known vectors of various diseases. Specifically, Culex pipiens, Anopheles gambiae, Aedes aegypti and Mansonia uniformis are important vectors of Wuchereria bancrofti, the causative agent of lymphatic filariasis in Africa (Gyapong et al., 2018). According to WHO (2018), the global burden of lymphatic filariasis is highest in Nigeria, the Democratic Republic of Congo, India, Indonesia, and Bangladesh. The presence of these mosquito genera in Essien Udim indicates a high risk for mosquito-borne diseases. Aedes mosquitoes transmit yellow fever, dengue and other arboviral diseases; Culex mosquitoes transmit W. bancrofti; Anopheles species are vectors of malaria and filariasis; while Mansonia mosquitoes have been reported to transmit Rift Valley fever in parts of East Africa (Sang et al., 2010). Monthly outdoor analysis of mosquito collections revealed that Culex pipiens had the highest distribution in July, making it the most abundant species in Essien Udim. This further underscores the risk of lymphatic filariasis, given that female Culex pipiens mosquitoes are competent vectors of this disease.
[bookmark: _Hlk209024647][bookmark: _Hlk209024602]Unlike the current findings, Amusan et al. (2005) reported that Mansonia mosquitoes were the most abundant in Ajana and Ikenne communities of Ogun State, while Anopheles species dominated collections in Ilokun and Irasa communities in Ado-Ekiti, Nigeria (Olorunniyi, 2016). These differences could be attributed to environmental conditions that favour Mansonia and Anopheles oviposition and survival, resulting in increased adult mosquito populations in those areas. The seasonal percentage distribution of all adult mosquito species collected both indoors and outdoors in this study revealed a significantly higher mosquito population during the wet season (82.55%) compared to the dry season (17.45%). Indoor mosquito populations were consistently higher than outdoor populations in both seasons. The wet season appears to favour mosquito proliferation, likely due to an increase in breeding sites associated with rainfall. This observation aligns with previous studies on mosquito seasonality in Nigeria which reported reduced mosquito abundance during the dry season (Alaribe et al., 2002; Suleiman, 2012; Oduola et al., 2013; Amaechi et al., 2014; Onyido et al., 2014; Ezehi et al., 2017). Similarly, Reudal et al. (2010) documented seasonal variation in mosquito populations in the Republic of Korea, with a peak in the rainy season and a decline during the dry season. However, the findings of this study contrast with Olayemi (2012), who reported increased malaria prevalence and active mosquito breeding in Minna during the dry season, attributing this to non-climatic factors such as the indiscriminate disposal of waste, an anthropogenic activity.
The monthly percentage distribution of adult mosquitoes collected during the study showed that mosquitoes were present throughout the year, with the highest number recorded in the month of July (1,271; 23.57%) and the lowest in the month of January (59; 1.09%).The month of January, being the peak of the dry season, likely had reduced mosquito activity due to the elimination of temporary breeding sites caused by harsh weather conditions such as low rainfall, low relative humidity, and high temperatures. This trend aligns with the findings of Ezehi et al. (2017), who reported similar seasonal patterns in Enugu, Nigeria. Diversity indices further revealed that indoor mosquito populations were more dominant than outdoor populations in both communities studied (Table 5). Among them, indoor mosquitoes in Ukana Uwa West recorded the highest diversity index (Shannon-Wiener index) of 3.086 and the highest dominance index (Simpson’s index) of 0.07619. In comparison, Okonkwo et al. (2014) observed a Shannon-Wiener diversity index of 0.703 in Umumpamma-Aborji village and a Simpson's dominance index of 0.265 in Isu-Umuabu village, both in Oba, Anambra State. In contrast, Lamidi et al. (2017) reported a Shannon-Wiener index of 0.8753 in Bali and a Simpson’s dominance index of 0.4587 in Ardo-Kola, both located in Taraba State, Nigeria. These comparisons highlight regional variations in mosquito diversity and dominance, which may reflect differences in ecological conditions, habitat availability, and vector control pressures across localities.


4. CONCLUSION
Mosquitoes are primary vectors for several debilitating diseases including lymphatic filariasis, malaria, dengue, and yellow fever. Lymphatic filariasis, in particular, is a leading cause of long-term disability worldwide, affecting approximately 120 million people across 83 countries. This study has revealed a high abundance and diversity of mosquitoes in the Ukana Uwa West and Adiasim Ikot Essiendot communities of Essien Udim Local Government Area, Akwa Ibom State. Multiple mosquito genera were identified including Aedes, Culex, Anopheles, and Mansonia indicating the presence of a variety of potential disease vectors in the area. The presence of these vectors poses a significant risk of mosquito-borne disease outbreaks, highlighting the urgent need for continuous surveillance and effective mosquito control measures in Essien Udim L.G.A. Furthermore, studies on mosquito bionomics and species distribution have not been reported in Essien Udim Local Government Area, of Akwa Ibom State. The findings of this study, therefore, offer valuable data that can support evidence-based policymaking for mosquito vector surveillance and control in the area. 

CONSENT 
[bookmark: _Hlk209873893]Informed verbal consent was obtained from heads of households whose houses were used for mosquito collection in the two study communities. This approach was approved by Board of Post graduate Studies of the Department of Animal and Environmental Biology, University of Uyo, Nigeria due to the specific sociocultural context and literacy levels of some participants, ensuring their optimal understanding of the study's objectives. Participant anonymity and data confidentiality were rigorously maintained throughout the study by using a coded identification system for each household.
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