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Influence of Habitat Chemical Characteristics on Aedes Mosquito Breeding Preferences and Larval Survivability in Natural Environments of Kalahandi, Odisha

ABSTRACT
This study investigated the influence of habitat chemical characteristics on Aedes mosquito breeding preferences and larval survivability in natural environments of Kalahandi, Odisha, through bi-monthly larval collections conducted between June and September 2025. A total of 1,127 breeding sites were surveyed across urban localities, with plastic containers identified as the most abundant (38.33%) and preferred breeding habitat, exhibiting larvae presence in 60.32 percent of cases and the highest Breeding Preference Ratio (BPR). Discarded tyres followed as significant breeding sites, accounting for 16.86 percent of habitats with a high BPR of 1.21. Chemical analysis of water from selected larval habitats (about 10%) revealed that average temperatures ranged from 29°C to 32°C, while pH values remained consistently slightly alkaline (7.21–7.92). Alkalinity was higher in natural habitats such as tree holes, whereas chlorinity was lowest in plastic containers and highest in tree holes. Dissolved oxygen (DO) levels varied widely, with the highest concentrations observed in discarded tyres. Larval abundance differed among container types, with plastic containers supporting the greatest mean larval density (32.2 ± 14.28), followed by glass containers, tyres, earthen pots, and tree holes. Analysis of variance (ANOVA) demonstrated no significant differences in adult emergence rates (F = 0.61, p = 0.66) or larval mortality (p = 0.116) across container types, indicating that container type did not significantly influence larval survival. These findings highlight the prominent role of artificial containers, particularly plastic and tyre habitats, in sustaining local Aedes populations and underscore the importance of targeted vector control strategies focusing on the management of such breeding sites.
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INTRODUCTION
Development of vaccines against Aedes-borne diseases (ABDs), such as dengue and chikungunya, has not yet achieved significant success. Currently, the most effective strategy remains the control of the vector species, primarily Aedes (Stegomyia) albopictus and Aedes aegypti, which are the principal carriers of dengue virus to humans in many endemic regions worldwide (Neumayr et al., 2017). Although various insecticides have been employed in the past, their effectiveness has diminished due to the development of resistance among these mosquito populations. Consequently, the most viable method to reduce ABD transmission is the elimination of breeding sites—specifically, water-holding containers, both natural and artificial, where these mosquitoes lay their eggs (Kraemer et al., 2015). The disease is potentially fatal and has the capacity to overwhelm healthcare systems and disrupt economic stability (Soh et al., 2021). It is endemic in tropical and subtropical regions worldwide (Paz-Bailey et al., 2024), with approximately 3.9 billion people living in dengue-prone countries, primarily in Southeast Asia, South Asia, the Pacific Islands, and Latin America (Brady et al., 2012). According to the World Health Organization (WHO, 2023), global dengue cases have increased tenfold over the past two decades, rising from 500,000 reported cases in 2000 to 5.2 million in 2020. According to the National Centre for Vector Borne Disease Control (NCVBDC, 2025), between 2019 and 2024, dengue affected approximately 1,151,150 individuals across India, resulting in 1,653 deaths. During this period, chikungunya also affected thousands of individuals; however, no fatalities were reported due to this disease. This data underscores the significant public health impact posed by dengue in comparison to chikungunya over the five-year span. The coastal districts of Odisha bear a significant burden of dengue, as evidenced by the Annual Activity Report 2018-19 published by the Health and Family Welfare Department, Government of Odisha. Specifically, Khurda, Jagatsinghpur, and Cuttack districts reported 1,098, 1,010, and 786 dengue cases, respectively. Frequent travel between Cuttack and Bhawanipatna, the headquarters of Kalahandi district, exacerbates the risk of Aedes-borne diseases in these areas. Over the last two decades, urbanization in Bhawanipatna has intensified, leading to a proliferation of artificial breeding sites for Aedes mosquitoes, further increasing the risk of ABD transmission. Notably, the recent identification of Aedes lineatopennis in Bhawanipatna by Panigrahi et al. (2025) marks the first record of this species in Odisha, indicating that the local climate is becoming increasingly conducive to the spread of new vector species. 
Due to their high adaptability, Aedes mosquitoes progressively colonize urban, semi-urban, and rural areas, ovipositing in a wide range of natural habitats such as leaf axils, small ponds, and tree holes, as well as various artificial habitats including discarded containers, earthen pots, tires, gutters, and cement tanks (Ferdousi et al., 2015). Understanding the biology, ecology, behavior, and breeding preferences of Aedes mosquitoes is crucial for effective vector management. Several chemical factors present in water bodies significantly influence female mosquitoes’ selection of oviposition sites, as well as the survival and development of their larvae (Iro et al., 2020). These factors affect key physiological and morphological traits of adult mosquitoes, including body size, fecundity, longevity, and vectorial capacity (Hery et al., 2021). A comprehensive understanding of the bioecological characteristics of mosquito vectors, together with the chemical properties of their breeding sites, is therefore essential for implementing targeted and efficient vector control strategies (Hessou-Djossou et al., 2022). The chemical parameters of breeding habitats also provide valuable insights into the ecological dynamics and distribution patterns of mosquito species (Nikookar et al., 2017).
Despite the recognized importance of these environmental factors, no studies to date have examined their role in mosquito breeding within the Kalahandi region. Accordingly, this study aims to evaluate the influence of the chemical characteristics of breeding sites on the breeding preference ratio (BPR) and larval survivability, and how these factors affect the distribution of Aedes mosquito species in Bhawanipatna.
MATERIALS AND METHODS
Study Areas: Data collection was conducted across various locations within Bhawanipatna Municipal Corporation, the district headquarters of Kalahandi.  Bhawanipatna is situated at 19.9°N latitude and 83.17°E longitude (Fig. 1). The area experiences a tropical wet and dry climate, with an average annual rainfall of approximately 1300 mm. According to the 2011 Census of India, the municipality has a population of 69,045 residents, comprising 35,506 males and 33,539 females, residing in around 16,500 households.
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Fig. 1 Study area of Kalahandi, Odisha, India

Larval Survey: Bi-monthly collections of mosquito larvae were carried out in the town from June 2025 to September 2025. During each survey, the date, time, location, habitat type, and the number of larvae collected were meticulously recorded. Immature stages of mosquitoes were collected from each habitats, about 500 ml of habitat-water along with larvae, using an enamel-coated cup (volume 250 ml) fitted with a handle, and which was transferred to the laboratory in plastic containers. The habitats containing less than 500 ml of water that tested positive for Aedes larvae were excluded from water quality analysis. Larger water containers were sampled by dipping a water-collecting cup at various depths, starting from the top and continuing to the bottom, in a swirling motion to ensure sampling of all edges (Wongkoon et al., 2005). In the laboratory, the mosquito larvae were reared to maturity for species identification using the Aedes identification key (Rueda, 2004). All colonies were maintained in an insectary at a controlled temperature of 25 ± 1°C and relative humidity of 65 ± 5 percent, with a 12-hour light/dark cycle. Adult mosquitoes were fed on cotton pads soaked in a 10 percent glucose solution and raisins. Larvae were reared in white enamel trays on dog biscuits. During entomological experiments, parameters such as the number of larvae and pupae, the number of adult mosquitoes hatched, unhatched, and dead during rearing were recorded for analysis. Out of the containers testing positive for Aedes larvae, 10 percent of each type—plastic containers, clay pots/flower pots, tree holes, tyres, and glass jars/containers—were selected for chemical water analysis.
Chemical Analysis of Water: The chemical parameters of water from Aedes larval habitats included pH, temperature, total alkalinity, chlorinity, and dissolved oxygen (DO). In situ measurements of pH and temperature were performed using a digital pH meter and thermometer, respectively. Dissolved oxygen (DO) was estimated through Winkler’s method, whereas chlorinity was determined by titration with silver nitrate. Total alkalinity was measured via acid-base titration, involving the addition of a known concentration of sulfuric acid (titrant) to the water samples in the laboratory.
Statistical Analysis: From 10 percent of the collected samples, mean values and standard deviations were calculated for all water parameters, with the exception of temperature, for which average values were determined. The Breeding Preference Ratio (BPR) was computed across all habitat types. Analysis of variance (ANOVA) was employed to assess differences in hatching and mortality rates among the various breeding habitats of Aedes mosquito species. Statistical analyses were conducted using SSP statistical software. The study locations map was made with ArcGIS (Fig. 1). 

RESULT AND DISCUSSION
The Breeding Preference Ratio (BPR) of Aedes mosquitoes in Bhawanipatna, Kalahandi, is presented in Table 1, providing valuable insights into the oviposition habits and breeding site preferences of Aedes species in the region. Among the 1,127 breeding sites surveyed, plastic containers represented the largest proportion (38.33%) and were the most preferred breeding sites, with larvae present in 60.32 percent of these containers. This resulted in the highest BPR of 1.57. These findings contrast with those of Herath et al. (2024) in Sri Lanka, where, despite the abundance of plastic containers, the breeding preference ratio was generally lower for Ae. albopictus in urban areas. However, our results align with the study by Islam et al. (2019) in Dhaka, Bangladesh, which highlighted plastic containers as key productive breeding habitats due to their widespread usage and ability to retain water. This suggests that Aedes species may exhibit locality- and species-specific preferences for breeding sites. Following plastic containers, discarded tyres accounted for 16.86 percent of breeding sites and demonstrated a high BPR of 1.21. Tyres provide ideal breeding environments by retaining water for extended periods and offering shaded, protected aquatic habitats favorable for larval development. The black color of tyres is also known to attract Aedes mosquitoes. Similar preferences for tyres have been reported in various regions, including Dehradun district in Uttarakhand (Haq and Singh, 2021), Ghana (Abdulai et al., 2024), southeastern Benin (Konkon et al., 2025), and the Southern Afar Region of Ethiopia (Seid et al., 2025). 
Table 1. The Breeding Preference Ratio (BPR) for different types of containers from outdoor by Aedes mosquitoes at Bhawanipatna
	Breeding Sites
	Examined
	X%
	Ae. Larvae present
	Y%
	BPR = Y/X

	Plastic containers
	432
	38.33
	260
	60.32
	1.57

	Glass containers
	191
	16.95
	18
	4.17
	0.25

	Clay pots/Flower pots
	213
	18.9
	56
	13
	0.69

	Discarded tyres
	190
	16.86
	88
	20.42
	1.21

	Tree holes
	54
	4.79
	5
	1.16
	0.24

	Others (tin cans/metal drums/cement tanks etc.)
	47
	4.17
	4
	0.93
	0.22

	Total
	1127
	100
	431
	100
	4.18



These studies collectively indicate that tyres are consistently preferred breeding sites for Aedes mosquitoes regardless of geographic location. Clay pots or flower pots accounted for 18.9 percent of potential breeding sites but had a moderate BPR of 0.69, indicating a lower preference relative to plastic containers and tyres, yet remaining significant as breeding habitats. A field study by Prasad et al. (2023) in Delhi reported clay pots as a preferred breeding site, surpassing plastic and other container types. This preference may be attributed to the thermoregulatory properties of clay pots, which soak up water and provide a cooler environment during hot sunlight, offering a more favorable microhabitat for larvae. Glass containers, tree holes, and other miscellaneous containers had lower percentages of larval presence and correspondingly low BPR values of 0.25, 0.24, and 0.22, respectively, suggesting a minimal contribution to Aedes breeding in the study area. Herath et al. (2024) similarly suggested that these habitats are less significant contributors unless breeding in artificial containers is reduced or eliminated. From a public health perspective, these findings have important practical implications. Community education initiatives should emphasize the removal or proper treatment of plastic containers and discarded tyres to effectively disrupt Aedes breeding sites. Additionally, solid waste management programs should prioritize the control of plastic litter and old tyres to reduce the risk of Aedes-borne diseases.
Table 2. Different chemical parameters of water from five different Aedes larval habitats
	Breeding Habitats
	Average Temperature in celcious
	pH (Mean±SD)
	Alkanity (Mean±SD)
	Chlorinity (Mean±SD)
	DO (Mean±SD)

	Plasti container
	29.5
	7.21±0.48
	2.44±0.81
	1.31±0.28
	0.6±0.25

	Glass container
	32.23
	7.92±0.36
	2.89±0.86
	0.83±0.27
	0.70±0.44

	Earthen pot/Flower pot
	30.5
	7.7±0.17
	3.10±0.49
	1.29±0.11
	0.83±0.75

	Discarded tyre
	29.6
	7.65±0.37
	2.28±1.14
	4.99±5.00
	1.13±0.17

	Tree hole
	30.48
	7.85±0.05
	3.59±0.41
	4.42±0.39
	0.54±0.08













Table 2 presents the chemical parameters of water from five different Aedes larval habitats. Average water temperatures across these breeding sites generally ranged between 29°C and 32°C. Interestingly, the slightly cooler temperatures observed in plastic containers still supported high larval densities, suggesting a balanced interaction between temperature, water chemistry, and resource availability that favors mosquito development (Dalpadado et al., 2022). The pH levels across all sites remained consistently within the slightly alkaline range, varying from 7.21 in plastic containers to 7.92 in glass containers. This aligns with the known preference of Ae. aegypti and Ae. albopictus for pH values between 6.5 and 8.5. Alkalinity values ranged from 2.28 to 3.59 units, with higher alkalinity observed in natural breeding habitats such as tree holes. Previous studies have indicated that neutral to mildly alkaline conditions are conducive to egg laying and larval survival, whereas extreme pH levels adversely affect viability (Dalpadado et al., 2022). Chlorinity levels were lowest in plastic containers (1.31 mg/L) and highest in tree holes (3.59 mg/L). The elevated chlorinity found in natural habitats may reflect mineral accumulation; however, it does not appear to correlate with larval density since tree holes recorded the lowest larval counts. Dissolved oxygen (DO) values varied widely, from 0.54 mg/L in tree holes to 4.99 mg/L in discarded tyres. The higher DO levels found in tyres and other artificial containers were associated with greater larval abundance, supporting findings reported by Mbanzulu et al. (2022). The significantly greater larval productivity observed in artificial containers under optimal temperature and chemical conditions highlights the critical role these habitats play in sustaining local Aedes populations. These observations underscore the importance of vector control programs focusing on the removal or treatment of artificial containers to effectively reduce mosquito breeding. Furthermore, monitoring water quality parameters such as pH, dissolved oxygen (DO), and chlorinity can provide valuable predictive insights into breeding suitability, thereby guiding surveillance efforts and intervention strategies in endemic areas.
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Table 3. The mean and standard deviation (SD) of the number of larvae and pupae present, number of hatched and unhatched individuals, and number of larvae that died during the study
	Breeding Habitats
	No of Larva Present (Mean±SD)
	No. of Pupae Present (Mean±SD)
	Hatched as Adult (Mean±SD)
	Not Hatched (remained as larvae) (Mean±SD)
	Dead (Mean±SD)

	Plasti container
	32.2±14.28
	6.8±4.20
	16.8±8.28
	5.2±8.89
	17±8.22

	Glass container
	27.8±6.68
	7.4±5.50
	18.8±8.67
	2.2±1.92
	14.2±5.45

	Earthen pot/Flower Pot
	19.2±4.49
	3.2±3.11
	11±6.44
	1.2±0.83
	10.2±2.28

	Discarded tyre
	23±13.91
	6±5.56
	12.85±4.74
	2.4±2.07
	8.6±6.95

	Tree hole
	9±4.69
	1.6±2.07
	4.4±2.70
	2.6±2.70
	3.6±2.61



Table 3 presents the mean and standard deviation of the number of larvae and pupae present, as well as the number of hatched and unhatched individuals, along with larvae mortality recorded during the study. The average number of Aedes larvae varied across different breeding site types, with plastic containers exhibiting the highest mean larvae count (32.2 ± 14.28), followed by glass containers (27.8 ± 6.68), discarded tyres (23 ± 13.91), earthen/flower pots (19.2 ± 4.49), and tree holes showing the lowest mean count (9 ± 4.69). A similar pattern was observed for pupae counts and the number of adults hatched, reflecting greater mosquito productivity in artificial containers such as plastic and glass compared to natural habitats like tree holes.
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Fig. 2 Comparision of emergence percentage and mortality percentage by container types

The mean adult emergence rate varied from 49.03 percent in tree holes to 65.84 percent in glass containers. The highest larval mortality was observed in earthen pots and plastic containers, both around 55 percent, while tyres exhibited the lowest mortality rate at 32.94 percent. However, analysis of variance (ANOVA) results (F = 0.61, p = 0.66) indicated no statistically significant difference in emergence rates among the five container types (Fig. 2). Similarly, although mortality rates differed—with the highest in earthen pots and plastic containers and the lowest in tyres—the p-value (0.116) was greater than 0.05, signifying that these differences were not statistically significant (Fig. 2). Therefore, container type did not have a significant effect on larval mortality in this study. These findings contrast with those reported by Kumar et al. (2026), but align with the results of Pruszynski et al. (2025) and Pansri et al. (2025).
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