


Temporal assessment of entomological indices of indoor resting malaria vectors in Delta State, Nigeria
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Malaria remains a major public health burden in Nigeria, sustained by the widespread presence of efficient vectors such as  Anopheles gambiae s.l. This study investigated the entomological indices of An. gambiae s.l. in three malaria endemic communities of Delta State; Egbudu-Akah, Aghalokpe, and Owhelogbo, between July 2024 and March 2025. Mosquitoes were collected using Pyrethrum Spray Catch (PSC), molecularly assayed, and examined for feeding characteristics, indoor resting density, human biting rate, and seasonal variations in relation to temperature and relative humidity. A total of 820  An. gambiae s.l.  mosquitoes were collected and molecularly confirmed as An. coluzzii. Egbudu-Akah recorded the highest abundance, followed by Aghalokpe and Owhelogbo. Blood fed mosquitoes predominated across sites, while gravid females were more common in Aghalokpe and Egbudu-Akah. Indoor resting density and human biting rate peaked in the wet season months, with July showing the highest values. Correspondence analysis revealed that relative humidity positively influenced blood feeding, biting rates, and resting densities, particularly in March, July, and September. The study highlights the seasonal and ecological dynamics of An. coluzzii populations anthropophilic tendencies and the role of  climatic factors in malaria transmission. It also provides critical insights for enhancing malaria surveillance and tailoring vector control strategies to local ecological contexts in Delta State.
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INTRODUCTION
Mosquitoes remain one of the most medically important insect groups worldwide, serving as vectors of a wide array of parasitic and viral diseases. Mosquitoes in the genus Anopheles occupies a central role in the transmission of human malaria, a disease that continues to pose in formidable public health challenge, particularly in sub Saharan Africa (Hernandez-Valencia et al., 2023).Within the Anopheline group, the Anopheles gambiae complex is regarded as the most efficient malaria vector, owing to its strong anthropophilic behavior, capacity for rapid breeding in diverse ecological habitats, and competence in transmitting Plasmodium falciparum, the deadliest of the human malaria parasites (Takken et al.,2024).
Malaria transmission in endemic regions such as Nigeria is influenced not only by the presence of efficient vector species but also by ecological and socio-environmental conditions that sustain high mosquito densities (Merga et al.,2025). Nigeria has been marked as number one country with high and perennial malaria transmission possibly for the favorable environmental conditions such as tropical climate, presence of stagnant water bodies, and inadequate sanitation that sustains vector abundance (Ugwu et al.,2020). Nigeria faces significant challenges in malaria control, with high morbidity and mortality rates (Oladipo et al.,2022). Integrated approaches, including ITNs, indoor residual spraying, and ACTs, are recommended for effective control (Pryce et al.,2022). Despite efforts to distribute insecticide-treated nets (ITNs) and artemisinin-based combination therapies (ACTs), coverage remains inadequate. The National Malaria Control Program aims to reduce malaria burden through case management, intermittent preventive treatment, and vector control (CDC, 2024). However, insecticidal resistance, drug resistance and self-administration of treatments pose additional obstacles (Akilimali et al.,2022). Health education and community centered strategies are crucial for improving intervention uptake and proper implementation. The socio-economic implications of multi-drug resistant malaria are significant, and cost effective analysis of control strategies is necessary (Ippolito et al.,2021). To address these challenges, Nigeria must prioritize scaling up home management, community based interventions, and adopt control strategies based on sound socio-economic judgments (Abubakar et al.,2022).
Traditional malaria control strategies have heavily relied on the use of chemical insecticides in different recommended classes such as organochlorine, pyrethroids, organophosphates, and carbamates. These insecticides have been innovatively applied through indoor residual spraying (IRS) and insecticide-treated nets (ITNs), insecticide treated other materials and so many other innovative approaches (Tangena et al.,2020; Pryce et al.,2022). In Delta State, located within the Niger Delta region, environmental factors such as perennial water bodies, high rainfall, humid climate, and human activities that create larval habitats contribute significantly to mosquito abundance andthe perennial proliferation of malaria cases (Ojianwuna et al., 2021). Despite ongoing control interventions, malaria persists as a major health burden in the state, underscoring the need for continuous monitoring of vector populations and transmission dynamics.
Entomological indices provide a quantitative framework for assessing vector ecology, behavior, and transmission potential (Monroe et al.,2020, Eyeboka et al., 2024).  Parameters such as the proportion of blood fed females indicate host feeding success and intensity of human vector contact, while gravidity rates reflect mosquito survival and reproductive potential. Similarly, the biting rate serves as a direct measure of human exposure to infective bites, whereas indoor resting density provides insights into the endophilic behavior of vectors and the likelihood of indoor transmission. (Blanken et al 2024).  These indices, when analyzed together, enable researchers and public health practitioners to estimate malaria transmission risk, evaluate intervention efficacy, and predict potential outbreaks. There are limited studies on entomological indices of mosquitoes in indoor resting mosquitoes in Delta State. This study, therefore, focuses on the entomological indices assessment of Anopheles gambiae in Delta State, Nigeria. By examining blood-fed and gravid rates, biting frequency, indoor resting densities, and related parameters, the research seeks to provide critical insights into mosquito population dynamics and their implications for malaria transmission in the region. Such data are indispensable for strengthening vector surveillance systems and guiding evidence-based control strategies tailored to the ecological realities of Delta State.

MATERIALS AND METHOD 
Study area 
The study was conducted in Delta State. Delta State is made up of twenty-five local government areas (LGAs). Three malaria endemic LGAs were selected for the study including Owhelogbo, Egbudu-Akah, and Aghalokpe (Figure 1). Owhelogbois a community in Isoko North Local Government Area of Delta State, located within Nigeria’s Niger-Delta and classified as part of the humid forest eco-zone. The area is geographically flat, shaped by alluvial deposits from creeks, and highly prone to flooding, both from heavy local rainfall (Evo floods) and from Niger River overflow during the wet season. The community’s economy is predominantly agricultural, with cassava and yams serving as staple crops. Palm oil and palm kernel production are also widespread, while limited hunting and fishing provide supplementary livelihoods. Beyond local activities, the wider Isoko area hosts petroleum-producing fields, linking the region to Nigeria’s oil economy. Culturally, Owhelogbo is inhabited primarily by the Isoko people. Aghalokpe is a town and wetland within the Okpe Local Government Area of Delta State, Nigeria, characterized by its riverine and swampy environment, which is ecologically significant for aquatic life. Its geography is defined by water bodies and connects to the broader Niger Delta region, a location that influences the livelihoods of its predominantly agricultural and fishing communities. Key occupational activities include farming and fishing, supplemented by petty trading, reflecting the broader economic activities of the Okpe region. Egbudu-Akah is an agrarian, community-focused settlement in Delta State, Nigeria, characterized by a large rubber plantation that is a significant economic driver, alongside the discovery of oil by Pan Ocean and access to River Akihen, which provides water and recreation. Geographically situated within Aniocha South LGA, the community faces infrastructure challenges, particularly in road access, with the main routes being through neighboring Ika North East LGA. Occupations primarily center on farming and the management of the rubber plantation, with the potential for employment in the emerging oil sector. 
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Figure 1. Map of Delta State showing the sampled communities. 

Collection of mosquitoes
Adult Anopheles mosquitoes for Entomological indices were collected using Pyrethroid Spray Catch (PSC) and stored in Eppendorf tubes with silica gel for sporozoite load testing. Collection for entomological indices were done for the duration of nine (9) months between July 2024- March 2025.  Twenty-four houses each were sampled in all the three communities throughout the period of nine (9) months. 
Climatic Factors 
Indoor climatic parameters, specifically Temperature and Relative Humidity were measured throughout the study period (9 months) using a Digital thermohygrometer three times per month. Readings were recorded indoors, at the same locations and time where mosquito collections were carried out, typically during the early morning hours. Data were collected from all sampled rooms ensuring that environmental readings corresponded directly with entomological observations.  
Entomological Indices
For each selected house, the number of occupants and the number of rooms were recorded. This information was essential for calculating entomological indices for the study areas. The transmission and feeding rates of indoor-resting mosquitoes were determined using the following formulas:
Human blood index (HBI) = 
Human biting rate (HBR) = 
Sporozoite infection rate (SIR) =  X 100
Entomological inoculation rate (EIR) = 
The density of indoor resting mosquitoes would be determined using the formula:
Average Density of female mosquitoes per room = 
 Mosquito identification and preservation
Mosquitoes collected indoors were numbered houses to houses with regards to the communities. The feeding characteristics and gravidity of the mosquitoes were recorded and the mosquitoes were morphologically identified using the recent and detailed key of Coetzee (2020) under an electrified dissecting microscope at the entomology laboratory of the Department of Animal and Environmental Biology, Delta State University, Abraka. indoor resting mosquitoes were separated into unfed, blood fed, half-fed, half-gravid and gravid using the abdomen as a reference point. Gravid females were identified based on the distension and coloration of the abdomen, which appeared swollen, elongated and creamy due to the presence of fully developed eggs. This feeding rate was separated and recorded monthly before they are kept in 1.5ml Eppendolf tubes containing silica gel. 
PCR Amplification of Sibling Species within the Anopheles gambiae s.l. Complex
The polymerase chain reaction (PCR) technique described by Scott et al. (1993) was employed for molecular identification of subspecies within the An. gambiae s.l. complex. Genomic DNA from Anopheles gambiae s.s. and An. coluzzii was further differentiated using the PCR–restriction fragment length polymorphism (RFLP) diagnostic method of Fanello et al. (2002) and the SINE 200 PCR method of Weill et al. (2004). 
PCR Amplification for Detection of Sporozoites in Mosquitoes
The head and thorax sections of preserved Anopheles mosquitoes were tested for Plasmodium circum sporozoite proteins (CSPs) using the ELISA method described by Beier et al. (1987). In addition, a quantitative PCR (qPCR) assay was performed to detect Plasmodium-infected mosquitoes following the protocol of Boissière et al. (2013). qPCR products from Plasmodium-positive mosquitoes were subsequently sequenced using the Big Dye Terminator v3.1 Sequencing Kit (Applied Biosystems) and analyzed on an Applied Bio-systems 3130xl Genetic Analyzer.
All PCR reactions were carried out in a total volume of 20 µl. The first amplification used genus-specific primers: rPLU5 (CCTGTTGTTGCCTTAAACTTC) and rPLU6 (TTAAAATTGTTGCAGTTAAAACG). One micro liter of purified template DNA was used for the first PCR reaction. From this initial amplification, 1 µl of the product served as the template for four separate species-specific reactions.




RESULT AND DISCUSSION 

Abundance of An. gambiae s.l. mosquitoes indoor
Eight hundred and twenty (820) Anopheles mosquitoes were collected from three selected communities using Pyrethrum Spray Catch (PSC) method. Mosquitoes collected were Molecularly identified as Anopheles coluzzi. The highest abundance was recorded in Egbudu-Akah community with three hundred and twenty-five (325) mosquitoes and this was followed by mosquito abundance in Aghalokpe, two hundred and sixty-nine (269) mosquitoes (Figure 2). 
The abundance of mosquitoes in the selected communities followed a regular pattern (Figure 3). The abundance of mosquitoes declined in August from July. In September, there was a slight increase in the abundance of mosquitoes which declined slightly to zero in December and January. There was a slight rise in abundance of mosquitoes from February to March. Considering the communities and the variation in the sampled months, the highest abundance cut across all months in Egbudu-Akah. This trend was closely followed by mosquito abundance in Aghalokpe from July to September. The abundance of mosquitoes in Owhelogbo and Aghalokpe followed similar trends from October to January, where a slight rise in mosquito abundance in Aghalokpe occurred from February to March. The differences between the abundance of mosquitoes in the sampled months and locations were significant (p<0.05). These findings mirror observations in previous studies (Mwangangi et al., 2013), where vector abundance peaked during the wet season due to favorable breeding habitats.







[bookmark: _Hlk191944455]Fig. 2.  Abundance of  An. coluzzi   in selected communities, Delta State, Nigeria. (F-ANOVA (locations)= 16.37; p= 0.00014).


Fig. 3.Monthly  variation in mosquito abundance in selected communities, Delta State, Nigeria. (F-ANOVA (months)= 92.72; p< 0.0001).

Indoor abundance of Anopheles gambiae s.l. mosquitoes varies significantly across different African regions and housing conditions (Mashair et al.,2023).  In Nigeria, An. gambiae comprised 93.13% of indoor-collected mosquitoes in Uga rural community, with 149 specimens collected using pyrethrum knockdown methods (Ekesiobi, 2025). Similarly, in Katsina State, Nigeria, An. gambiae s.s. represented 95.1% of adult indoor collections, demonstrating its predominance in indoor environments (U. A. M & Ndams, 2022). 
Environmental factors significantly influence indoor mosquito abundance. In Guinea Bissau, rooms with open eaves and houses with wells showed significantly greater numbers of resting An. gambiae s.s., while pig presence and increased human biomass per bedroom area were associated with higher mosquito abundance (Pålsson et al., 2004). In northern Benin, An. gambiae s.l. displayed predominantly endophagic behavior and higher blood feeding rates in rural areas compared to urban settings, suggesting rural environments support greater indoor mosquito populations (Salako et al., 2019).


Feeding characteristics of Anopheles coluzzi  mosquitoes
The overall feeding characteristics of An. coluzzi mosquitoes in selected communities, Delta State is shown in Figure 4. There were more blood fed mosquitoes in this study and this was highest in Egbudu-Akah (172 mosquitoes). This was closely followed by the blood fed mosquitoes in Aghalokpe (127) and Owhelogbo (99). Gravid mosquitoes followed the feeding characteristics as there were high gravid mosquitoes in Aghalokpe (55) and Egbudu-Akah (54). The other feeding characteristics were low. However, Half-fed mosquitoes were higher in Owhelogbo (34), half-gravid in Egbudu-Akah (39), and unfed mosquitoes in Aghalokpe (38). The difference between the feeding characteristics of mosquitoes in the selected communities was significant (FANOVA= 19.23; p= 0.00011).
Monthly variation in feeding characteristics of An. coluzzii in Egbudu-Akah community, Delta State is shown in Figure 5. Blood fed mosquitoes were the highest recorded in all the sampled months except in January where mosquito abundance was zero. The highest blood fed mosquitoes were encountered in July (48). This is closely followed by those in March (28). The difference between the feeding characteristics of mosquitoes in Egbudu-Akah community was significant (FANOVA= 7.369; p= 0.00015). Similar trend of feeding characteristics was observed in Owhelogbo (Figure 6) and Aghalokpe (Figure 7). The difference between the feeding characteristics of mosquitoes in Owhelogbo and Aghalokpe was significant respectively (FANOVA= 4.268 and 5.996; p= 0.0057 and 0.00071).




Fig. 4.Overall feeding characteristics of Anopheles gambiae mosquitoes inselected communities, Delta State, Nigeria.

Figure 5. Monthly variation of feeding characteristics in Egbudu-Akah community, Delta State, Nigeria


Figure 6. Monthly variation of feeding characteristics in Owhelogbo communities, Delta State, Nigeria

Figure 7. Monthly variation of feeding characteristics in Aghalokpe community, Delta State, Nigeria
 Recent studies confirm strong anthropophilic tendencies, with humans comprising 45.8% of blood meal sources, though opportunistic feeding on multiple hosts occurs (Ajayi et al., 2025). These feeding patterns contribute significantly to malaria transmission dynamics.

Indoor resting density
The indoor resting density of An. coluzzi mosquitoes in selected communities, Delta State is shown in Figure 8.The highest indoor resting density of mosquitoes was recorded in Egbudu-Akah (6.771) and this was closely followed by the resting density in Aghalokpe (5.604). The resting density recorded in Owhelogbo was the least (2.104).
Monthly variation in indoor resting density of An. coluzzi in Egbudu-Akah, Owhelogbo and Aghalokpe community, Delta State is shown in Figure 9, 10 and 11 respectively. The highest indoor resting densities of the respective sampled communities were recorded in July (1.60, 1.33, and 1.50 for Egbudu-Akah, Owhelogbo, and Aghalokpe communities respectively). This was closely followed by resting densities in September and March for Egbudu-Akah and Aghalokpe respectively while in Owhelogbo it was in March and September. January had the lowest resting density. The difference between the indoor resting densities in the selected community was not significant (FANOVA= 0.518; p= 0.602). 










Figure 8.Indoor resting density of mosquitoes in selected communities, Delta State.

Figure 9. Monthly variation of indoor resting density in Egbudu-Akah community, Delta State, Nigeria


Figure 10. Monthly variation of indoor resting density in Owhelogbo community, Delta State, Nigeria

Figure 11. Monthly variation of indoor resting density in Aghalokpe community, Delta State, Nigeria
Indoor resting density studies of Anopheles mosquitoes in Nigeria reveal significant spatial and temporal variations across different regions. In Anambra State, the overall mosquito indoor resting density was 1.2, with Anopheles density approximately 1.0, comprising  50.0% An. gambiae and 35.7% An. funestus (Aribodor et al., 2011). In Taraba State, indoor resting densities were higher during wet season (1.38) compared to dry season (0.91), with An. gambiae being the predominant species at 51.0% (Lamidi et al., 2018). A comprehensive survey in Kano State identified 1,005 female mosquitoes across 21 species, showing significant seasonal and behavioral influences on density patterns (Abdullahi et al., 2024). Longitudinal studies in Kaduna demonstrated distinct seasonal species composition, with An. gambiae predominating during wet seasons and An. arabiensis during dry seasons, linked to temperature and humidity variations (Rishikesh et al., 1985; Huestis and lehmann 2014). These findings highlight the importance of seasonal monitoring for effective malaria vector control strategies. At Federal University Dutse, Jigawa State, indoor collections yielded 989 mosquitoes, with An. gambiae comprising 7.0% of specimens and showing significantly higher abundance on ground floor rooms (Adeniyi et al., 2024). Research on resting behavior patterns reveals that major African malaria vectors, including Anopheles species, do not display clear standardized resting preferences, complicating targeted control efforts (Irish et al., 2024). In southern Nigeria, sibling species within the An. gambiae complex demonstrate divergent habitat preferences, with An. gambiae s.s. and An. coluzzii more likely detected within 500m of households compared to An. arabiensis (Ebhodaghe et al., 2024).
Human biting rate
The human biting rate of An. coluzzi mosquitoes in selected communities, Delta State is shown in Figure 12. The highest human biting rate of mosquitoes was recorded in Egbudu-Akah (1.811) and this was closely followed by the resting density in Aghalokpe (1.283). The resting density recorded in Owhelogbo was the least (1.042).
Monthly variation in human biting rate of An. coluzzii in Egbudu-Akah, Owhelogbo and Aghalokpe community, Delta State is shown in Figure 13,14 and 15 respectively. The highest indoor resting densities of the respective sampled communities were recorded in July (0.505, 0.295 and 0.354 for Egbudu-Akah, Owhelogbo, and Aghalokpe communities respectively). This was closely followed by resting densities in September and March for Owhelogbo and Aghalokpe respectively while in Egbudu-Akah it was in March and September. January had the lowest human biting rate in Egbudu-Akah and Aghalokpe while the lowest in Owhelogbo was in December. The difference between the human biting rates in the selected community was not significant (FANOVA= 1.222; p= 0.312). 


Figure 12. Human biting rate of mosquitoes in selected communities, Delta State.


Figure 13. Monthly variation of human biting rate in Egbudu-Akah communities, Delta State, Nigeria

Figure 14. Monthly variation of human biting rate in Owhelogbo communities, Delta State, Nigeria

Figure 15. Monthly variation of human biting rate in Aghalokpe communities, Delta State, Nigeria.
Studies across Nigeria reveal significant variation in Anopheles gambiae s.l. human biting rates. In Taraba State, northeastern Nigeria, An. gambiae demonstrated the highest man-biting rate at 0.75 bites/person/night (51.0% of total bites), with rates being higher during wet season (0.78 bites/person/night) compared to dry season (0.69 bites/person/night) (Lamidi et al., 2018). In urban Itu, Akwa Ibom State, An. gambiae s.l. comprised 87.49% of collected mosquitoes with an exceptionally high annual man-biting rate of 59.38 bites/person (Bassey et al., 2024). Northwestern Nigeria showed peak biting activity between 9-10pm and 11pm-12am (Imam, 2020). In North-West Nigeria communities, human biting rates were considerably lower at 2.07 bites/person/night in Kargo, with  An. gambiae and An. arabiensis being the only sibling species present (Hamza et al., 2023). These findings demonstrate substantial regional variation in An. gambiae biting intensity across Nigerian ecological zones.
Seasonal variation of temperature and relative humidity indoors
The mean monthly indoor variables of sampled houses in selected communities, Delta State is shown in Table 1. There were various gradients for temperature and relative humidity recorded in the sampled communities with months. These were within mosquito tolerable limits for survival and abundance. The highest temperature was recorded in Aghalokpe in December (Mean of 35.00) and this was closely followed by high temperature in Egbudu-Akah in February (Mean of 34.67). Likewise, the highest temperature in Owhelogbo was recorded in January (mean of 33.33). The lowest temperatures were recorded in July (Table 1) in all sampled communities and in August for Egbudu-Akah (mean of 27.00). The difference within months of the temperatures in the sample communities was significant (Table 1). Temperature did not vary greatly within the sampled communities (Figure 16). 
Relative humidity in this study did not differ greatly (Figure17) in the sampled communities. Owhelogbo had the highest relative humidity recorded in December (mean of 80.67). The relative humidity recorded in Egbudu-Akah and Aghalokpe were equally high (Mean of 75.00 and 72.00) respectively in August and October. The closely followed humidity and the lowest humidity are shown in Table 1. The difference between the relative humidity sampled in Owhelogbo and Aghalokpe was not significant while that of Egbudu-Akah was significant (Table 1). 










Table 1.Mean monthly indoor variables of sampled houses in selected communities, Delta State.
	
	Egbudu-Akah
	Owhelogbo
	
	Aghalokpe
	

	Months
	Temperature
	Rel. Hum
	Temperature
	Rel. Hum
	Temperature
	Rel. Hum

	July
	27.00 ± 0.58
	64.67 ± 1.76
	27.33 ± 0.33
	75.00 ± 2.89
	28.33 ± 0.33
	67.00 ± 6.51

	August
	27.00 ± 0.58
	75.33 ± 2.60
	28.33 ± 0.67
	72.00 ± 4.73
	29.00 ± 0.58
	66.33 ± 4.49

	September
	29.33 ± 0.33
	70.33 ± 3.67
	28.67 ± 0.88
	71.00 ± 4.58
	29.33 ± 1.76
	68.00 ± 2.08

	October
	30.67 ± 0.33
	67.67 ± 1.20
	29.67 ± 0.33
	68.33 ± 3.48
	30.67 ± 0.67
	72.00 ± 1.73

	November
	31.33 ± 0.33
	65.67 ± 0.58
	31.67 ± 0.33
	72.00 ± 2.31
	34.33 ± 1.20
	69.33 ± 0.67

	December
	32.67 ± 0.33
	73.00 ± 6.03
	31.67 ± 0.33
	80.67 ± 0.67
	35.00 ± 0.58
	66.33 ± 6.84

	January
	33.33 ± 0.33
	62.67 ± 1.20
	32.67 ± 0.33
	77.00 ± 2.31
	34.00 ± 0.58
	62.00 ± 2.08

	February
	34.67 ± 0.33
	58.67 ± 0.67
	33.33 ± 0.33
	69.33 ± 3.38
	33.67 ± 1.33
	63.67 ± 2.19

	March
	33.00 ± 0.58
	66.00 ± 1.53
	32.00 ± 0.58
	67.67 ± 5.24
	33.67 ± 0.33
	64.67 ± 2.03

	F-ANOVA
	40.95
	3.630
	18.43
	1.450
	7.781
	0.625

	p-value
	<0.0001**
	0.011*
	<0.0001**
	0.243
	0.00016**
	0.746


Note: Rel. Hum means relative humidity, * show significant difference at p<0.05 and ** highly significant at <0.0001.














Figure 16.Monthly variation of temperature in selected communities, Delta State, Nigeria

Figure 17.Monthly variation of relative humidity in selected communities, Delta State, Nigeria
Correspondence analysis with indoor variable
The correspondence analysis of mosquito feeding characteristics, human biting rate and indoor resting density with temperature and relative humidity indoor of the different communities is shown in Figure 18 and 19. The result show that the feeding characteristics of mosquitoes in the several communities are not correspondent to the indoor variables. Relative humidity positively influenced the abundance of blood fed mosquitoes in March, July and September in the various communities. Likewise, temperature and relative humidity equally influenced the human biting rate and indoor resting density of mosquitoes in July, September and October.
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Figure 18. Correspondence of feeding characteristics with environmental variables in sampled months
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Figure 19. Correspondence of human biting rate and indoor resting density with environmental variables in sampled months
Research on mosquito feeding characteristics and environmental factors in Nigerian communities reveals important patterns in vector behavior and disease transmission. Indoor resting density of Anopheles mosquitoes shows significant seasonal variation, with higher densities during wet seasons (1.38 mosquitoes) compared to dry seasons (0.91 mosquitoes) (Lamidi et al., 2018). Similarly, human biting rates are elevated during rainy periods, with rates reaching 0.78 bites/night/person in wet seasons versus 0.69 in dry seasons (Lamidi et al., 2018). 

Climatic variables demonstrate varying relationships with mosquito abundance, with rainfall showing strong correlation (R²=0.751) with Anopheles populations, while relative humidity and temperature relationships remain weak (Olorunniyi, 2021). Indoor resting densities vary significantly across communities, ranging from 10 mosquitoes/room/night in some areas to lower densities in others (Hamza et al., 2023). Human blood indices reach 100% in fed mosquitoes, indicating strong anthropophilic behavior (Lamidi et al., 2018). These findings demonstrate clear seasonal and geographic variations in mosquito-human contact patterns across Nigerian communities.
Conclusion
This study provides important evidence on the ecology and transmission potential of Anopheles coluzzii in malaria endemic communities of Delta State, Nigeria. The predominance of blood fed mosquitoes, coupled with high indoor resting densities and biting rates during the wet season, emphasizes the strong anthropophilic and endophilic behavior of An. coluzzii. The significant influence of relative humidity and seasonal variations on mosquito abundance and feeding patterns demonstrates the need for continuous, climate sensitive vector surveillance. Egbudu-Akah consistently exhibited the highest mosquito densities and feeding activity, indicating a potential hotspot for malaria transmission within the region. These findings highlight the necessity of integrating entomological indices into malaria control programs, particularly in tailoring interventions such as indoor residual spraying, long lasting insecticide treated nets, and community based education. Ultimately, strengthening vector monitoring and adopting evidence driven strategies remain critical to reducing malaria burden and achieving sustainable control in Delta State and other endemic regions of Nigeria.
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