Assess the Productivity of Dengue Vector Breeding Habitat Through Pupal Productivity in Kalutara District, Sri Lanka.
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ABSTRACT
Dengue is a rapidly spreading mosquito-borne disease, and infected female Aedes aegypti and Aedes albopictus serve as the vectors. The study was conducted to assess the pupal productivity of dengue vector breeding habitats in the Kalutara District. All pupae from positive breeding habitats and the physicochemical parameters of water in positive breeding habitats were recorded. The recorded data were analyzed using IBM SPSS Statistics version 23 at α = 0.05. Pupae-per-House Index (PHI), Pupal per Person Index (PPI), Breeding Preference Ratio (BPR) and Pupal Productivity Percentage (PPP) were calculated.  The relationship between breeding habitat variables and pupal productivity was evaluated using One-way ANOVA Water parameter differences in breeding habitats were analyzed using an independent sample t-test, and the relationship between physiochemical parameters and pupal productivity was assessed using Pearson correlations. Out of 2,400 premises surveyed, 23.92% were positive for Aedes pupae. The PHI and PPI showed no significant differences among the vectors. Among 1,480 potential breeding habitats, 21.55% contained Aedes immatures, and 23.5% of larval habitats had pupae. The highest BPR and pupal productivity of Ae. aegypti was found in tyres, with significant variation (p=0.021). For Ae. albopictus, BPR was highest in natural items, while pupal productivity was highest in temporary removed items, without significant differences. Outdoor habitats yielded highest pupal productivity for both species. Location of breeding habitats significantly affected Ae. albopictus pupal productivity (p=0.014), but not Ae. aegypti.  The productivity of Ae. aegypti pupae varied significantly with breeding materials (p = 0.01), in contrast to Ae. albopictus. Rainwater was the primary water source in productive habitats. Effective Ae. aegypti management requires targeted removal of key containers. But, Ae. albopictus control demands community-wide elimination of outdoor breeding sources. Public health messaging should focus on species-specific breeding habits to reduce vector density and dengue risk.
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INTRODUCTION
Dengue is the most rapidly spreading mosquito-borne disease (Schaffner & Mathis, 2014) and has become one of the most significant public health risks worldwide. As a South Asian country, Sri Lanka has been affected by dengue fever (DF)/dengue hemorrhagic fever (DHF) epidemics for over two decades, and DENV infections have been endemic in Sri Lanka since the mid-1960s (Sirisena & Noordeen, 2014). Currently, dengue is the most significant public health problem among infectious diseases in Sri Lanka (Liyanage et al., 2022) and is prevalent all over the country except few districts with seasonal and periodic epidemics. Approximately half of the total dengue incidences were reported in the Western Province, which comprises of Districts of Colombo, Gampaha and Kalutara (Withanage et al., 2020). 
Dengue is caused by any one of four recognized serotypes of dengue virus: DENV-1, DENV-2, DENV-3 or DENV-4 and these viruses are transmitted to vertebrates, including humans, by the bite of an infected female mosquito belonging to the genus Aedes, notably Aedes aegypti (Linnaeus) and Aedes albopictus (Skuse) (Wilson-Bahun et al., 2020).  Ae. aegypti is considered the main or primary vector (Edillo et al., 2012; Wilson-Bahun et al., 2020) and Ae. albopictus is considered the secondary vector (Edillo et al., 2012) in Asia. Other than Dengue, these vectors also act as vectors for Chikungunya, Zika, and Yellow fever. Both Ae. aegypti and Ae. albopictus have been recorded in Sri Lanka. Kalutara district is one of the districts severely affected by dengue, where both Ae. aegypti and Ae. albopictus are found in different proportions. Although Ae. albopictus is more prevalent in the Kalutara district, areas where Ae. aegypti is present are significantly more vulnerable to higher incidence rates of Dengue.
As there is no efficient vaccine or specific treatment against dengue, vector control remains the cornerstone to prevent outbreaks (Wilson-Bahun et al., 2020). Vector control aims to limit the transmission of pathogens by reducing or preventing human contact with the vector, and a wide range of vector control tools exists. Immature vector control by breeding habitat elimination is a more efficient, economically and environmentally friendly tool than any other adult vector control methods. To implement proper breeding habitat elimination activities, it is essential to identify the productivity of breeding habitats. Most studies about the productive breeding habitat of dengue vectors focused on traditional larval stegomyia index calculation rather than pupal densities. However, these indices are insufficient for making decisions about control actions (Nathan et al., 2006) because these indices do not consider key demographic factors, such as larval density and survival rates. As a result, predicting the abundance of adult mosquitoes, which is an epidemiologically significant stage, is challenging.
Moreover, the larval indices of Stegomyia mosquitoes fail to provide valuable insights into the productivity of various breeding habitats, making it challenging to identify which specific container types significantly contribute to the adult vector population (de Brito Arduino, 2014; Nathan et al., 2006). Since mosquito pupae are more proximal to adults than to the larval stages, and because pupal mortality is minimal, the number of pupae is highly correlated with the number of adult mosquitoes (Focks et al., 2006; Mwakutwaa et al., 2023). Also, pupal indices provide more accurate information about adult density compared to larval indices. Moreover, it was envisaged that pupal surveys, if combined with the collection of demographic data, could help elucidate the transmission dynamics of dengue, identify transmission risk, and quantify and validate target levels of vector abundance (Nathan et al., 2006)Therefore, this study was carried out to assess the productivity of dengue vector breeding habitats using pupal indices and to examine the relationships between pupal productivity and associated abiotic factors, as well as the physiochemical parameters of water in six localities within the Kalutara District of Sri Lanka.
METHODOLOGY
Study area
Kalutara District is a district in the Western Province of Sri Lanka, located in the southwestern part of the island and geographical boundaries fall within the latitudes of 6°47′ N and 6°91′ N and the longitudes of 79°570′ E and 80°18′ E (Liyanage et al., 2022). Kalutara District is located in Sri Lanka’s low country wet zone, characterized by an average annual rainfall of 2,931 mm and an average annual temperature of 27.7 °C. The study area extends over 148.3 km² from Waskaduwa to Aluthgama along the southern coastal boundary of the Kalutara district (Fig 01).
Methods
During the surveillances, premises of a house hold considered as the basic sampling unit (Aryaprema & Xue, 2019). Simple random sampling method was used to select the first premises surveyed, and every second premise on the right side was included until the required sample size was reached. About 200 premises were surveyed for each month from October 2023 to September 2024 with informed consent from the owner of the premise-hold. Premises with immature mosquito stages were identified as positive during inspections of both indoor (domestic) and outdoor (peri-domestic) areas.  Additionally, the size of the area and the number of residents living in the positive premises were recorded. 
All pupae and a sample of larvae (third and fourth instars) from positive breeding habitats were collected according WHO Operational Guide (Azael Che-Mendoza, Pablo Manrique-Saide, Nidia Rizzo, Daniel Pilger, Audrey Lenhart, Axel Kroeger, 2011) with the aid of pipettes and ladles (Chadee et al., 2007). Number of larvae and pupae of the positive breeding habitats were recorded. Collected larvae and pupae were placed in labeled vials and transported to the entomological laboratory at the National Institute of Health Sciences in Kalutara. Collected larvae were identified using X33RTFS2 Olympus CX33 Trinocular biological microscope and standard larval identification keys. The collected pupae were allowed to emerge into adults and identified using a Zeiss Stereo Microscope (Stemi 2000) and standard adult mosquito’s identification keys
The generic or descriptive name of each pupae positive breeding habitat were recorded with location, building material, volume of water and source of water. The physicochemical parameters of water in pupae positive breeding habitats were measured in situ using appropriate meters. Accordingly, water temperature and pH were measured with a portable HANNA pH and Temperature Meter (pHep 5 - HI98128). Conductivity and salinity were assessed using a portable APERA EC60 Cond./TDS/Sal. tester.
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Fig  01 Map of study site
Data analysis
The recorded data was entered into MS Excel sheets and statistically analyzed using IBM SPSS Statistics version 23 at a significance level of α = 0.05. Both mixed breeding (positive for both vectors) premises and breeding habitats were not considered during the statistical analysis due to their low numbers. Pupae-per-House Index (PHI) and Pupal per Person Index (PPI) were calculated as Pupal demographic indexes. PHI was calculated as total number of pupae found, divided by the total number of households inspected  (Morales-Pé Rez Id et al., n.d.) and PPI was calculated as the total number of recorded pupae, divided by the total population of the inspected households (Jiménez-Alejo et al., 2017). Comparison of demographic indexes for both species were done using Mann Whitney U test. 
Index of Available Breeding Habitats (IABH) and Index of Contribution to Breeding habitats (ICBH), for each breeding habitats were calculated to determine the Breeding Preference Ratio (BPR) of both species (Kumar et al., 2002). Pupal Productivity Percentage (PPP) for different container types (the total number of pupae in the container type, divided by the total number of pupae in all breeding habitats, multiplied by 100) were calculated (Jiménez-Alejo et al., 2017). One-way ANOVA was used to evaluate the relationship between breeding habitat variables, (types, locations, building materials, and sources of water) and pupal productivity for both vectors. Difference between the measured water parameters of breeding habitats of the two species were analysed using independent sample T test and, correlation between physiochemical parameters and pupal productivity were checked using Pearson correlations.
RESULTS
Analysis of Pupal Demographic Data
A total of 2,400 premises were surveyed during the study period. Out of these, 3.29% (n=79), 6.91% (n = 166) and 0.41% (n = 10) were respectively positive with immatures of Ae. aegypti, Ae. albopictus, and both species. Among the premises positive with Aedes immatures, 23.92% (n = 61) also were positive for Aedes pupae. Ae. albopictus showed significantly higher positivity rates than Ae. aegypti in both the larval (U = 127.00, P = 0.001) and pupal (U = 178.00, P = 0.017) stages. The PHI for both species was quite similar, with Ae. aegypti at 0.16 and Ae. albopictus at 0.17, without significant difference (U = 441.5, p = 0.071). The PPI was 1.53 for Ae. aegypti and 1.63 for Ae. albopictus, also without significant difference (U = 456.0, p = 0.932).
Analysis of Breeding habitats 
Among the surveyed premises, total of 1,480 potential breeding habitats were recorded. Of these, 85.54% (n = 1,266) were identified as water holding (wet), and 21.55% (n = 319) were positive for Aedes immatures. All recorded breeding habitats were categorized into 12 categories to estimate container productivity (Annex 01). Temporary removed items had the highest IABH (38.72) followed by discarded items (IABH = 17.50) and water storage items (IABH = 13.58) (Table 01). However, the highest BPR for Ae. aegypti was recorded in tyre and gutters, while for Ae. albopictus, it was recorded in natural and ornamental items (Table 01).
Among the immature positive breeding habitats, 9.09% (n = 29), 14.11% (n= 45), and 0.31% (n=1) were positive for pupae of Ae. aegypti, Ae. albopictus and both respectively. That is approximately 23.5% (n= 75) of breeding habitats with larvae were positive with pupae of both species. 
As same as the highest BPR, the highest pupal productivity of Ae. aegypti was observed in tyre with a significant difference in productivity among the various breeding habitats (F = 3.265, p = 0.021, df = 6, 20). Although the highest BPR and pupal productivity of Ae. albopictus were not the same; the highest BPR was recorded in natural and ornamental items, while the highest pupal productivity was observed in temporarily removed items, without significant differences (F = 0.543, p = 0.796, df = 7, 35) (Table 01, Fig. 02).
Table 01 Calculated larval and pupal indexes according to type of  breeding habitats
	Breeding Habitat
	Larval Indexes
	Pupal Indexes

	
	IABH
	ICBH (A)
	ICBH (B)
	BPR (A)
	BPR (B)
	PPP (A)
	PPP (B)

	Covering Items
	5.2
	9.62
	7.94
	1.85
	1.53
	18.62
	9.75

	Gutters
	0.88
	1.92
	1.4
	2.19
	1.6
	0
	0

	Discarded Items
	17.5
	25
	14.02
	1.43
	0.8
	4.52
	19.5

	Temporary removed Items
	38.72
	18.27
	42.99
	0.47
	1.11
	30.59
	48

	Natura Items
	1.76
	0.96
	3.74
	0.55
	2.13
	0
	1.25

	Ornamental Items
	4.39
	8.65
	9.35
	1.97
	2.13
	1.06
	5.25

	Pet Feeding Containers
	2.7
	2.88
	1.4
	1.07
	0.52
	0.53
	0

	Refrigerators
	2.16
	0
	0.93
	0
	0.43
	0
	0

	Slabs
	3.92
	0
	0.47
	0
	0.12
	0
	2.5

	Tyre
	7.84
	17.31
	5.14
	2.21
	0.66
	32.98
	3

	Water Storage Items
	13.58
	12.5
	9.81
	0.92
	0.72
	9.57
	3.25


A: Ae. aegypti, 	B: Ae. albopictus
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Fig 02 Productivity Variation of Ae aegypti and Ae. albopictus among different breeding habitats
Analysis of breeding habitats locations
Breeding habitat locations were categorized into indoor and outdoor; the outdoor habitats were further divided into shady and open areas. Approximately 97.12% (n = 101) of habitats were positive for Ae. aegypti larvae were found outdoors, while only 2.88% (n = 3) were found indoors. The highest pupal productivity of Ae.  aegypti was observed in outdoor breeding habitats, with 64.36% (n = 242) in open areas and 31.91% (n = 120) in shady areas. In contrast, the lowest pupal productivity was recorded in indoor breeding habitats, at 3.72% (n = 14). There was no significant difference in Ae. aegypti pupal productivity among the locations of breeding habitats (F = 2.404, p = 0.112, df = 2, 24) (Fig. 03). Similarly, 98.59% (n = 211) of habitats were positive for Ae. albopictus larvae were found outdoors, and 1.41% (n = 3) were found indoors. The highest pupal productivity of Ae. albopictus were also recorded in outdoor breeding habitats, with 55.25% (n = 221) in open areas and 44.00% (n = 176) in shady areas. There was a significant difference in pupal productivity of Ae. albopictus among the locations of breeding habitats (F = 4.807, p = 0.014, df = 2, 40), and a significantly lower productivity of pupae was found in indoor habitats compared to habitats located in both open (p = 0.016) and shady (p = 0.011) areas (Fig. 03).
Analysis of building materials of breeding habitats 
Most of the larvae positive breeding habitats for both species were composed of plastic, 35.58% (n = 37) of Ae. aegypti breeding habitats and 42.52% (n= 91) of Ae. albopictus breeding habitats were made from plastic. The productivity of Ae. aegypti pupae varied significantly with the building materials of breeding habitats (F = 7.008, p = 0.01, df = 4, 21), with the highest productivity found in rubber-made habitats at 34.04% (n = 128), followed by plastic-made habitats at 22.87% (n =86) Fig 04. In contrast, the productivity of Ae. albopictus pupae did not vary significantly with building materials of breeding habitats (F = 1.329, p = 0.265, df = 8, 32). However, plastic-made habitats, with 41.25% (n=165) and cement-made habitats, with16.5% (n=65), had the highest productivity (Fig. 04). 
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Fig 03 Variation of pupal productivity among locations of breeding habitats
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Fig 04 Variation of pupal productivity with building materials of breeding habitats
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Analysis of Source of water
Rainwater was the primary water source found in both positive and pupal productive breeding habitats for both mosquito vectors. The pupal productivity of Ae. aegypti did not show a significant variation based on the water source (F = 2.962, p = 0.051, df = 3, 26), with the highest productivity recorded at 90.96% (n = 342) in breeding habitats containing rainwater (Fig 05). Similarly, the pupal productivity of Ae. albopictus also did not significantly vary with the water source (F = 0.005, p = 0.995, df = 2, 42), with the highest productivity of 90.50% (n = 362) observed in breeding habitats with rainwater (Fig 05).
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Fig 05 Variation of pupal productivity among different source of water
Analysis physiochemical parameters of Water 
The mean and standard deviation of water parameters at the breeding habitat of both pupae species are summarized below. However, there were no significant differences in the measured water parameters between the two species. The results are as follows: Temperature (t =1.073, p =0.289, df =49), pH (t = 0.443, p =0.661, df =28), Conductivity (t = - 0.020, p =0.984, df =49), TDS (t =-0.226, p =0.822, df =48), Salinity (t =1.029, p =0.309, df =49).
Table 02 Physiochemical parameters of water in breeding habitats
	 
	Aedes aegypti
	Aedes albopictus

	 
	Minimum
	Maximum
	Mean ± SD
	Minimum
	Maximum
	Mean ± SD

	Temperature (⁰C)
	28.1
	34.3
	31.81 ±  1.41
	27.9
	33.2
	31.39 ± 1.38

	PH
	5.98
	7.24
	6.59 ± 0.43
	5.59
	7.29
	6.52 ±  0.38

	Conductivity (S)
	35.9
	887
	394.2 ±  274.02
	58.2
	873
	395.67 ± 260.29

	TDS (ppm)
	25.4
	629
	274.29 ±  197.24
	72.6
	623
	286.5 ±  184.63

	Salinity (ppt)
	0.02
	0.52
	0.22 ±  0.15
	0.01
	0.44
	0.17 ±  0.14

	Water Volume (ml)
	629
	5000
	906 ±  1424
	30
	30000
	1660.93 ±  4923.93


The pupal productivity of Ae. aegypti showed a significant positive correlation with the volume of water in breeding habitats (r = 0.449, p = 0.019, df = 27). In contrast, the pupal productivity of Ae. albopictus did not show a correlation with the volume of water in breeding habitats (r = -0.209, p = 0.178, df = 43).
Additionally, no correlations were observed between the pupal productivity of Ae. aegypti and following physicochemical parameters of water, temperature (r = 0.071, p = 0.740, df = 24), pH (r = -0.353, p = 0.317, df = 10), conductivity (r = -0.174, p = 0.416, df = 24), total dissolved solids (r = -0.186, p = 0.395, df = 23), and salinity (r = -0.112, p = 0.603, df = 24). Similarly, there were no correlations between temperature (r = 0.100, p = 0.619, df = 27), pH (r = 0.387, p = 0.091, df = 20), conductivity (r = 0.183, p = 0.360, df = 27), total dissolved solids (r = 0.204, p = 0.308, df = 27), salinity (r = 0.097, p = 0.632, df = 27) and pupal productivity of Ae albopictus.
DISCUSSION
Even though positivity of Ae. albopictus significantly higher than Ae. aegypti, PHI was remarkably similar and statistically indistinguishable between the two species. This indicates that breeding habitats were positive for Ae. aegypti may contain more pupae on average, making them more efficient for mosquito production. Furthermore, the findings indicated that a significant proportion of infested households didn’t facilitate the development of larvae into their adult stage. This is why pupal indices area considered a more direct measure of adult vector production and transmission risk than just measuring the container (Padonou et al., 2025). This type of study provides a valuable framework for prioritizing vector-control interventions, while also highlighting the limitations of data gathered from traditional Stegomyia surveys (Banerjee et al., 2015)
The similarity in PPI indicates that the human population in this area experiences nearly equal biting pressure from both species. However, the highly anthropophilic, nervous, and discordant behavior of Ae. aegypti significantly increases the risk of disease transmission compared to Ae. albopictus. Conversely, it highlights that, Ae. albopictus could have an equal or notably important secondary role in the dynamics of disease transmission (Paul et al., 2015). This emphasizes the need for control programs to actively incorporate this species into their strategies. Otherwise the co-occurrence of Ae. aegypti and Ae. albopictus may increase arbovirus transmission (Padonou et al., 2025).
As previously well described, both Aedes species are container breeders and used various type of breeding habitats in different extend (Banerjee et al., 2015).  The exploitation of certain type of breeding habitats is determined by different factors, leading to a major disparity between which habitats are commonly used (larval presence) and which are truly productive for generating adults (pupal presence).Such identification of the key container types should allow control efforts to be better focused and more cost-effective (Lenhart et al., 2006).
Pupal productivity differed in the larval habitats depending on the several factors such as size, location, building materials, sun exposure, and water volume (Mwakutwaa et al., 2023). Due to significant variation in productivity of Ae. aegypti pupae across the surveyed breeding habitats indicates that not all positive habitats types contribute equally to pupal productions. Also Ae. aegypti exhibits strong selectivity and actively prefers a few key artificial breeding habitats especially tyre, which are not only commonly infested but are also extremely productive, making them high-value targets for control. 
The significant preference of Ae. aegypti for tyre is consistent with the findings from the analysis of building materials, which revealed that the highest pupal productivity occurs in habitats made of rubber. This finding strongly supports the established concept of "key containers", where a small subset of artificial habitats produces the majority of pupae in a population. Tires are a well-recognized global "key container" for Ae. aegypti, reflecting its synanthropic behavior, thriving in man-made breeding habitats that are often neglected, durable, capable of retaining stagnant water and prone to accumulate organic debris (Getachew et al., 2015; Mwakutwaa et al., 2023). The dark colour of tyre enhance their heat retention capacity which promotes rapid development of adults. Additionally, the shaded environment inside the tire protects immatures from desiccation and predators. Recycling used tyres for dengue prevention has gained popularity globally in recent years (WHO, 2009). If recycling is not feasible, storage in a dry environment and proper disposal of used tires should be encouraged.
In contrast to Ae, aegypti, the analysed results of Ae. albopictus indicates difference in the breeding preference and pupal productivity. While BPR was highest in natural and ornamental containers, pupal productivity highest in temporarily removed items. Also the lack of significant variation in Ae. albopictus pupae productivity across breeding habitats and building materials emphasizes its role as an opportunistic generalist and lays eggs in a wider variety of breeding habitats relative to their availability. This generalist strategy may reduce its vulnerability to control measures targeting specific container types. 
This study finding provides more than 97% of positive larval habitats and more than 90% of pupae-positive breeding habitats for both species are located outdoors, indicating predominant exophilic breeding behavior of these vectors (Arunachalam et al., 2010; Banerjee et al., 2015; Mwakutwaa et al., 2023). This challenge the well-known endophilic behaviour of Ae. aegypti and emphasizes the exophilic behavior of Ae. albopictus. The lack of a statistically significant difference in pupal productivity among the locations of breeding habitats indicates a certain degree of flexibility of Ae. aegypti. In contrast, Ae. albopictus pupal productivity exhibited a significant aversion to indoor breeding habitats compared to both open and shady outdoor locations. According to findings, the control programme must be concentrated on outdoor focused source reduction. But, it is crucial to address specific indoor breeding habitats for Ae. aegypti, as their neglect may result in a significant increase in infestation rates.  
This study confirms that rainwater is the predominant and most productive water source for the immature stages of both Ae. aegypti and Ae. albopictus, accounting for over 90% of pupal productivity for each species.  This observation aligns with Forsyth's conclusion that most positive, and the most productive ones, containers, held rainwater (Banerjee et al., 2015). This overwhelming dominance of rainwater in positive breeding habitats highlights the critical role of precipitation in driving mosquito population dynamics. Furthermore, lack of significant variation in pupal productivity based on water source for either species indicates that once a container is filled with water, regardless of its origin, it becomes a potential breeding site. This underscores the importance of managing container habitats themselves, rather than the water source, through covering, disposal, or regular emptying.
The analysis of physicochemical water parameters reveals a clear and consistent pattern: the pupal production of both vectors is not determined by specific values of temperature, pH, conductivity, TDS, or salinity within the breeding habitats in this study. Also, there were no significant variation in the measured water parameters between the two species. This indicates significant ecological overlap in their fundamental niche regarding water quality, suggesting that both species can effectively use the same breeding habitats within these ranges of physicochemical conditions (Higa, 2011).
The most critical differentiating factor identified was the physical characteristic of water volume. The significant positive correlation between water volume and pupal productivity of Ae. aegypti suggests that this species preferentially develops in larger, more stable water bodies (Mwakutwaa et al., 2023). These larger volumes may offer benefits such as reduced risk of desiccation, greater resource availability, and a more stable thermal and chemical environment, supporting higher larval survival and density. Conversely, the lack of correlation for Ae. albopictus indicates its ecological flexibility as a "container generalist" and ability to exploit a wider variety of small, temporary habitats compared to Ae. aegypti.
CONCLUSION
The Pupal Demographic Indexes clearly indicate that the human population in this area faces nearly equal biting pressure from both mosquito species. However, our analysis of breeding habitats shows that a significant proportion of positive breeding sites fails to support the development of larvae into the pupal stage. Thus, it can be concluded that traditional larval indices are inadequate for accurately predicting the risk of dengue transmission.
The highest BPR and pupal productivity for Ae. aegypti are found in tyre, highlighting strong selectivity on tyre as a key container type. Furthermore, the pupal productivity of Ae. aegypti is significantly enhanced by the volume of water in breeding habitats, with larger volumes leading to greater productivity than smaller ones. Therefore, effective management of Ae. aegypti necessitates a strategic focus on removing key containers and managing larger artificial breeding habitats. In contrast, the observed variation in BPR and pupal productivity indicates that Ae. albopictus operates as an opportunistic generalist. This adaptability reduces its vulnerability to control measures targeting specific container types. Hence, a comprehensive community effort to eliminate outdoor breeding sources is crucial for effectively combating Ae. albopictus. Ultimately, public health messaging must be strategically designed to directly address the productive breeding habits of both species to effectively reduce overall vector density and mitigating the risk of dengue transmission.
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