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Abstract. Yulianti A, Rizki A, Suwarno, Arahman N, Gani BA, Husnurrizal, Harapan, Mudatsir. 2025. Oviposition ecology of Aedes
mosquitoes in relation to indoor-outdoor light intensity and dengue endemicity in Aceh Besar, Indonesia. Biodiversitas 26: 5803-5813.
Dengue fever continues to pose a major public health problem in tropical regions, with dedes aegypti and Aedes albopictus as the main
vectors. While the effects of temperature, humidity, and rainfall on mosquito ecology are well documented, the influence of light
intensity on oviposition behavior across areas with different dengue endemicity levels remains less understood. This study aimed to
assess the influence of indoor-outdoor light intensity and dengue endemicity on oviposition activity of 4edes mosquitoes in Aceh Besar
District, Indonesia. A cross-sectional ecological survey was conducted in two sub-districts classified as high and low endemicity, with
three villages randomly selected from each. In total, 240 ovitraps (120 indoor and 120 outdoor) were deployed over two five-day
sampling periods, accompanied by concurrent light intensity measurements using a lux meter. Ovitrap positivity and egg density were
analyzed using logistic regression and the Mann-Whitney U test. Of all traps, 62.92% were positive for Aedes eggs. No significant
differences in Ovitrap Index (OI) or oviposition activity were observed between locations or endemicity levels (both had p>0.05).
Indoor light intensity had a significant effect on oviposition activity: dimly lit households in high-endemicity areas recorded higher
oviposition (1.67%, p: 0.01 and 3.33%, p: 0.02, respectively). Outdoor oviposition showed no significant variation by light intensity.
These results indicate that low indoor lighting favors Aedes oviposition regardless of endemicity level. Improving household
illumination may reduce suitable oviposition habitats and serve as a practical addition to existing vector control strategies.

Keywords: Aedes surveillance, habitat characteristics, light environment, mosquito oviposition, vector ecology

INTRODUCTION cases were reported, followed by a decline in 2020, but the
numbers increased again in subsequent years (Aceh
Dengue fever is one of the most major mosquito-borne  Provincial Health Office 2021). In Aceh Besar District, 296
viral diseases in tropical and subtropical regions, cases were documented in 2022, with Lhoknga Sub-district
transmitted primarily by Aedes aegypti and Aedes identified as an area of high endemicity (Aceh Provincial
albopictus, species that thrive near human dwellings Health Office 2023). These figures highlight the
(Krishna et al. 2024). Globally, dengue incidence has persistence of dengue transmission and underscore the need
increased sharply in recent decades, causing recurrent for targeted local investigations. Such localized studies are
epidemics and significant pressure on health systems. The essential for identifying the ecological drivers that sustain
World Health Organization recognizes dengue as a major  vector populations and contribute to ongoing transmission,
public health challenge due to its expanding range, high  thereby supporting more effective and context-specific
transmission potential, and severe clinical outcomes such  dengue control strategies.
as dengue hemorrhagic fever and dengue shock syndrome Microclimatic and environmental factors shape the
(World Health Organization 2024). ecology of Aedes mosquitoes. Well-documented
Dengue remains endemic across nearly all provinces in  determinants include temperature, humidity, rainfall, and
Indonesia, with tens of thousands of cases reported availability of artificial containers that provide larval
annually despite long-standing vector control programs. In  habitats (Dom et al. 2025). Warm and humid conditions
2024, more than 60,000 cases and 455 deaths were enhance mosquito survival and reproduction, while rainfall
recorded nationwide (Kertapati and Aminah 2024). Aceh  creates water-filled receptacles suitable for oviposition
Province is among the consistently affected regions, (Reinhold et al. 2018; Westby et al. 2021; Liu et al. 2023;
showing fluctuating yet recurrent outbreaks. In 2019, 2,386 Souza et al. 2024). Consequently, climate-based
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surveillance has become a core element of vector control
strategies (Leandro and Maciel-de-Freitas 2024).

Light intensity has received comparatively little
attention as a microclimatic factor in dengue vector
ecology. Although Aedes mosquitoes are often reported to
prefer dim and shaded habitats for oviposition (Facchinelli
et al. 2023; Akollo 2024; Yani 2024), evidence regarding
its role remains inconsistent, with some studies showing
significant associations between illumination and egg
density (Sari et al. 2017; Romiti et al. 2025), while others
report no clear relationship (Cui et al. 2021). This
inconsistency underscores the need for further investigation
to clarify the ecological function of light in sustaining
mosquito breeding.

The distinction between indoor and outdoor lighting is
particularly relevant in rural or resource-limited
communities, where household illumination often falls
below recommended standards. Such conditions may
encourage gravid females to oviposit indoors, while
brighter outdoor environments may be less conducive
(Rund et al. 2020; Wijewardana et al. 2025). This suggests
that inadequate household lighting could represent an
overlooked but modifiable risk factor in dengue
transmission dynamics.

In Aceh Besar District, the persistence of dengue cases
despite routine larval source reduction and chemical
interventions highlights the need to investigate additional
ecological drivers persistent (Ipa et al. 2017; Harapan et al.
2018). While temperature, humidity, and rainfall have been
extensively documented, the contribution of light intensity
to oviposition ecology remains poorly understood.
Addressing this knowledge gap is critical to developing
more comprehensive and  context-specific  vector
management strategies.

Therefore, this study aimed to examine the effect of
indoor-outdoor light intensity and dengue endemicity on
the oviposition behavior of Aedes mosquitoes in Aceh
Besar District, Indonesia. By comparing oviposition indices
across different lighting conditions and endemicity levels,
this research sought to determine whether inadequate
lighting promotes vector breeding. The results are expected
to add to the evidence supporting environment-based
interventions, highlighting household lighting
improvements as a potential low-cost addition to integrated
dengue control programs.

MATERIALS AND METHODS

Study design and setting

A short-term cross-sectional ecological study was
carried out in August 2023 in Aceh Besar District, Aceh
Province, Indonesia, to examine the association between
indoor-outdoor light intensity and Aedes oviposition
activity during the observation period. Two sub-districts
were selected based on dengue incidence from 2020-2022
to represent both high and low endemicity settings.
Households served as sampling units, and oviposition was
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assessed using oviposition traps (ovitraps) to calculate the
Ovitrap Index (OI), which represents the proportion of
positive ovitraps containing Aedes eggs relative to the total
number of traps deployed, expressed as a percentage
(Sasmita et al. 2021). The sampling was conducted in two
periods separated by one week. To better characterize the
breeding environment, microclimatic conditions including
indoor-outdoor light intensity, temperature, and relative
humidity were measured across the study sites. These
parameters provide important ecological context for
understanding the relationship between environmental
factors and Aedes oviposition dynamics. It should be noted
that the study represents a short-term snapshot limited to
August 2023 due to logistical and funding constraints.
Therefore, the findings primarily reflect the oviposition
pattern during the study period and may not capture
potential seasonal variations across different months.

Study area

The study was conducted in two sub-districts of Aceh
Besar, Indonesia, representing different dengue endemicity
levels determined based on dengue case data reported in
Aceh Besar in 2022 (Aceh Provincial Health Office 2023),
namely the high endemicity area (Lhoknga) and the low
endemicity area (Indrapuri). These locations were selected
to represent ecological variations influencing Aedes
oviposition. In each sub-district, three villages were
randomly selected to represent residential and peri-
domestic environments: Aneuk Paya, Lamcok, and
Lampaya for the high endemicity area, and Aneuk Glee,
Mon Alue, and Reukih Dayah for the low endemicity area
(Figure 1). Each village was mapped using Global
Positioning System (GPS), and the coordinates were
plotted to visualize spatial distribution.

Sampling and oviposition traps (ovitraps) placement

In each village, 20 ovitraps (10 indoors and 10
outdoors) were deployed across 10 households, resulting in
60 traps for each sub-district for each sampling period.
Ovitraps consisted of a 350 mL black plastic container
filled to two-thirds with clean water and lined with filter
paper as an oviposition substrate. Sampling was conducted
over two periods separated by a one-week interval
following the previous recommendation (de Almeida et al.
2025), with each period lasting five days in accordance
with the Standard Operating Procedure for Assembly and
Deployment of Ovitraps (Protocol Integer ID: 64751)
(Russell et al. 2022). This yielded a total of 240 ovitrap
observations (120 in high-endemic areas and 120 in low-
endemic areas). Each ovitrap was treated as an independent
replicate for analysis. After five days of exposure, traps
were retrieved, and filter papers were air-dried and
examined under a stereomicroscope. Eggs were manually
counted by a single trained observer to ensure consistency.
The OI was calculated as the proportion of traps containing
Aedes eggs or immature stages relative to the total number
of traps examined (Djiappi-Tchamen et al. 2022).
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Figure 1. Map of study sites in Aceh Besar District, Indonesia, indicating the high endemicity status area ((Lhoknga; Aneuk Paya
(5°29'02.5"N 95°15'33.9"E), Lamcok (5°29'32.7"N 95°15'39.0"E)) and the low endemicity status area ((Indrapuri; Aneuk Glee
(5°24'04.7"N 95°24'17.6"E), Mon Alue (5°26'40.9"N 95°25'00.4"E), Reukih Dayah (5°22'48.8"N 95°25'43.3"E), Lampaya (5°28'50.9"N
95°14'57.7"E)), where the oviposition ecology of Aedes mosquitoes was investigated

Light intensity measurement

Light intensity at each ovitrap site was assessed using a
calibrated lux meter (LX-1010B) positioned approximately
0.8 m above the floor surface. Measurements were
conducted both indoors (living areas) and outdoors (shaded
yards). Based on the recommended threshold values
described by Lustiyati and Astuti (2018), Duffield et al.
(2019), and Fitria (2021), lighting conditions were
categorized as Compliant Lighting (CL) when the
measured intensity was >60 lux, and non-Compliant
Lighting (nCL) when it was <60 lux. In this study,
compliant lighting denotes illumination levels that conform
to the minimum standard for adequate residential lighting
required to maintain proper visibility and environmental
comfort. Light intensity was measured once per site during
daylight hours to represent typical exposure conditions.

Data analysis

Statistical analyses were conducted using SPSS
Statistics version 26 (IBM, New York, USA). Light
intensity and oviposition activity were analyzed
descriptively. Logistic regression was applied to assess the
association between ovitrap positivity (egg status: O:
negative, 1: positive) and three predictors: trap location
(indoor vs. outdoor), light intensity (expressed in lux), and
endemicity status (high vs. low), with each ovitrap serving
as one observation. Logistic regression was conducted as
an exploratory analysis, treating each ovitrap as an
independent unit due to the limited sample size. The Mann-

Whitney U test was used to compare differences across
light intensity categories and endemicity levels. Statistical
significance was set at p<0.05.

RESULTS AND DISCUSSION

Microclimatic variables shaping Aedes oviposition
ecology

The variation of microclimatic conditions (temperature,
humidity, rainfall, wind speed, and air pressure) across
dengue endemicity levels in Aceh Besar District during the
study period (August 2023) is presented in Figure 2.
Meteorological data during 2023 August showed mean
temperatures ranging from 22.9-23.5°C (minimum) to
31.7-33.0°C (maximum) and relative humidity between 76-
85%, both conditions known to enhance Aedes survival and
oviposition. Rainfall varied considerably (92.6-312.7 mm),
increasing the availability of water-holding containers that
serve as breeding habitats. Moderate wind speeds (2.0-2.4
m/s) and stable atmospheric pressure (~1009-1010 mb)
provided additional environmental stability. These
microclimatic conditions were consistent with ovitrap
results, which demonstrated higher egg positivity in
outdoor and shaded habitats, confirming that warm, humid,
and rain-enriched environments strongly favor Aedes
oviposition.
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A. High endemicity
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Figure 2. Microclimatic conditions across dengue endemicity levels in Aceh Besar District, Indonesia, during the study period and
beyond. Source: BPS Kabupaten Aceh (2024). Note: The color gradient represents the relative magnitude of each climatic parameter,
where warmer tones (red-orange) indicate higher values, and cooler tones (green-blue) indicate lower values. This visual scheme
facilitates comparison of monthly variations in temperature, rainfall, and other microclimatic factors between high- and low-endemic

areas

Influence of light intensity on oviposition behavior in
high- and low-endemicity areas

Light intensity plays a crucial role in shaping Aedes
oviposition activities. Inadequate indoor illumination may
mimic shaded habitats favorable for egg laying, and
evaluating household compliance with lighting standards
across endemicity levels highlights how microenvironmental
light variations support mosquito breeding.

Figure 3 illustrates distinct spatial patterns of light
intensity compliance between indoor and outdoor
environments across dengue-endemic areas. Indoor areas
predominantly exhibited suboptimal light intensity,
particularly within high-endemic zones, where a substantial
proportion of households failed to meet the recommended
light intensity thresholds (36.67-48.33%), while
compliance rates remained relatively low (1.67-13.33%). In
contrast, outdoor lighting generally conformed to standard
levels, demonstrating more consistent compliance across
endemicity categories (46.67-50.00%). These results
suggest that inadequate indoor illumination, especially in
highly endemic areas, may create shaded microhabitats
conducive to Aedes oviposition and persistence within
households.

Our results indicated that indoor light intensity had a
significant influence on oviposition activity during the first
trapping period, suggesting that variations in illumination
directly affect mosquito breeding preferences. The change
in oviposition significance observed during the second
trapping period suggests that Aedes mosquitoes may
exhibit dynamic behavioral plasticity, allowing them to
adapt to short-term microenvironmental fluctuations in
light intensity rapidly. The findings highlight that
inadequate indoor illumination represents an often-
overlooked ecological factor that contributes to sustaining
Aedes breeding potential in dengue-endemic areas.

Table 1 presents the results of the logistic regression
analysis identifying trap location and light intensity as
significant predictors of ovitrap positivity. Ovitraps placed
outdoors were approximately eight times more likely to
contain Aedes eggs compared to indoor traps (OR: 8.02; p:
0.002). Conversely, higher light intensity significantly
reduced the likelihood of oviposition (OR: 0.11; p: 0.001),
indicating a clear preference of mosquitoes for shaded
environments. However, endemicity status, showed no
significant association (p: 0.187).
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Table 1. Logistic regression analysis of ovitrap positivity (egg status) with location, light intensity, and endemicity status as predictors

Regression 2 p- . 95% confidence

coefficient SE (Chi-squared) value 0Odds ratio interval
Trap location (indoor-outdoor) 2.08 0.67 9.60 0.002 8.02 2.14-29.93
Light Intensity -2.19 0.67 10.50 0.001 0.11 0.03-0.42
Endemicity status (low-high endemicity) 0.36 0.27 1.73 0.187 1.44 0.83-2.49
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Figure 3. Proportion of ovitraps with indoor and outdoor light
intensity compliance across two measurement periods by dengue
endemicity level in Aceh Besar District, Indonesia. Bar chart
showing households with Compliant Lighting (CL) and non-
Compliant Lighting (nCL) relative to the recommended threshold.
Indoor settings exhibited higher non-compliance, particularly in
high-endemic areas, whereas outdoor lighting generally met the
compliance standard (>60 lux)

The results demonstrate that Aedes oviposition patterns
are predominantly influenced by localized
microenvironmental conditions rather than regional
endemicity. The elevated oviposition rates in outdoor traps
support previous observations that peridomestic containers
provide more stable and favorable breeding habitats.
Similarly, the inverse relationship with light intensity
underscores the adaptive preference of Aedes females for
shaded, low-light environments that enhance egg survival.
Collectively, these findings highlight the need for vector
control measures focusing on the removal or modification
of shaded outdoor water-holding containers to suppress
Aedes breeding sites effectively.

Oviposition dynamics across endemicity status and
habitat settings

The spatial distribution of Aedes oviposition activity
was analyzed to determine differences in breeding patterns
across endemicity levels and habitat types in Aceh Besar
District. Table 2 summarizes the OI of Aedes mosquitoes
across areas with different dengue endemicity levels in
Aceh Besar District. High-endemic areas showed slightly
higher mean OI values (13.17+1.94; 8.72+£1.29%) than
low-endemic areas (12.00£1.79; 7.95+1.18%). Of the 240
ovitraps installed, 151 (62.92%) were positive for Aedes
eggs. Statistical analysis revealed no significant differences
in OI values between high- and low-endemicity zones (p

value 0.110) or between indoor and outdoor habitats (p
value 0.349; p>0.05), suggesting that Aedes oviposition
activity was relatively consistent across different
environmental contexts.

While outdoor traps recorded marginally higher OI
values, these variations were not statistically significant.
The comparable OI values observed across endemicity
gradients indicate that local microenvironmental conditions,
rather than endemicity status, exert a greater influence on
oviposition behavior. This finding reflects the ecological
plasticity of Aedes mosquitoes and reinforces the need for
integrated vector management strategies that simultaneously
address both indoor and outdoor breeding habitats.

Table 3 presents the oviposition activity of Aedes spp.
across indoor and outdoor ovitraps in high- and low-
endemicity areas of Aceh Besar District. The oviposition
activity of Aedes spp. varied across clusters and trap
locations but showed no significant statistical differences
between indoor and outdoor ovitraps (p-value 0.110;
p>0.05). In high-endemicity areas, such as Aneuk Paya,
indoor traps tended to yield higher mean oviposition
activity during both trapping events compared to outdoor
traps, although the differences were not consistent or
statistically significant. Similar temporal fluctuations were
observed in Lamcok and Lampaya, suggesting that
oviposition activity may shift dynamically across time
without a clear preference for indoor or outdoor habitats.

Impact of environmental light and dengue endemicity
levels on oviposition dynamics of 4Aedes mosquitoes

The results indicate that indoor light intensity
influenced Aedes oviposition activity during both the first
and second trapping periods. The relationship between light
intensity and dengue endemicity levels in shaping the
oviposition dynamics of 4dedes mosquitoes is presented in
Figure 4.

Figure 4 illustrates the influence of light intensity on
Aedes oviposition activity. The Mann-Whitney U test
revealed a significant effect of indoor light intensity during
the first trapping event (p: 0.01, Z: -2.51), indicating that
differences in indoor lighting were associated with variation in
oviposition activity. However, this effect was not observed in
the second trapping event (p: 0.64, Z: -0.46). In contrast,
indoor oviposition activity showed a significant difference
only in the second trap (p: 0.02, Z: -2.26), suggesting
temporal variation in oviposition dynamics. Neither
outdoor light intensity nor outdoor oviposition activity
demonstrated significant differences in either trapping
event (all p>0.05), implying that outdoor oviposition may
be less influenced by light variation or endemicity status
under the conditions studied.
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Table 2. Distribution of Ovitrap Index (OI) of Aedes spp. by endemicity level in Aceh Besar District, Indonesia

Cluster area Trap Ovitrap Index
location n F Proportion by endemicity status (%) % total p-value

High endemicity

Aneuk Paya Indoor 20 15 18.99 9.93 0.490
Outdoor 20 13 16.46 8.61

Lamcok Indoor 20 14 17.72 9.27 0.197
Outdoor 20 10 12.66 6.62

Lampaya Indoor 20 12 15.19 7.95 0.311
Outdoor 20 15 18.99 9.93

MeantSD 13.17+1.94 16.67+2.46 8.72£1.29

Low endemicity

Aneuk Glee Indoor 20 9 12.50 5.96 0.110
Outdoor 20 14 19.44 9.27

Mon Alue Indoor 20 12 16.67 7.95 0.744
Outdoor 20 13 18.06 8.61

Reukih Dayah Indoor 20 11 15.28 7.28 0.519
Outdoor 20 13 18.06 8.61

Mean+SD 12.00+1.79 16.67+2.48 7.95%1.18

Total positive trap 240 151 62.92

Note: n: Total number of ovitraps installed, F: Number of positive ovitraps containing Aedes eggs. Proportion by endemicity status (%):
Percentage of positive traps within each endemicity category. % total: Percentage of positive traps relative to the total number of traps

Table 3. Oviposition activity of Aedes spp. in indoor and outdoor ovitraps by endemicity status in Aceh Besar District, Indonesia

Oviposition activity

Cluster area Trap times Indoor Qutdoor p-value
Min Max Mean SE Min Max Mean SE
High endemicity
Aneuk Paya Ist 0 80 30.10* 9.66 0 55 14.70* 5.84
2nd 0 98 27.60* 10.81 0 78 16.40* 7.94
Lamcok Ist 0 12 3.50 1.24 0 37 6.10 3.64
2nd 0 84 23.70 10.39 0 17 4.90 222
Lampaya Ist 0 15 2.30 6.10 0 56 13.40 5.93
2nd 0 22 1.53 242 0 41 12.80 4.59 0110
Low endemicity ’
Aneuk Glee Ist 0 36 7.40 3.94 0 41 10.70 4.44
2nd 0 14 3.20 1.53 0 33 14.30 4.34
Reukih Dayah Ist 0 68 13.60 7.02 0 35 7.10 3.85
2nd 0 137 16.50 13.55 0 83 20.40 8.32
Mon Alue Ist 0 8 2.40* 1.00 0 15 2.50* 1.48
2nd 0 35 5.90%* 3.41 0 15 4.80* 1.48

Note: *: Mann-Whitney U test. Significant difference at the 0.05 level

Discussion
Microclimatic variables shaping Aedes oviposition ecology
Microclimatic conditions strongly influence Aedes
ecology, yet their impact on oviposition is best understood
in interaction with indoor-outdoor light intensity. In Aceh
Besar District (August 2023), mean temperatures of 22.9-
33.0°C and relative humidity of 76-85% aligned with
optimal ranges for Ae. aegypti survival, larval
development, and egg viability (Reinhold et al. 2018; Liu
et al. 2023). Rainfall levels (92.6-312.7 mm) sustained
container habitats, the primary breeding sites in urban and
peri-urban settings (Westby et al. 2021). However,
variation in dengue endemicity across villages could not be
explained by climate alone. Poor indoor lighting, more
common in high-endemicity areas, mimicked shaded

habitats and enhanced mosquito attraction, particularly
when combined with high humidity and rainfall-driven
water availability. In contrast, better-lit households in low-
endemicity areas provided less suitable oviposition
conditions despite experiencing similar climatic profiles.
Wind speeds of 2.0-2.4 m/s and stable atmospheric
pressure (~1009-1010 mb) reflected ecological stability
conducive to mosquito dispersal (Liu et al. 2023).
Nevertheless, flight and oviposition decline at speeds above
0.83 m/s, with constraints reported for Ae. albopictus near
3.12 m/s (Adeleke et al. 2022; Ouattara et al. 2022; Atieli
et al. 2023; Akorli et al. 2025). These results highlight that
while favorable microclimatic ranges create baseline
suitability, oviposition patterns are most strongly shaped by
the interplay of indoor light intensity with humidity and
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rainfall. While temperature and humidity were recorded to
provide ecological context, these parameters were not
statistically controlled in the regression analysis. Future
research should incorporate them into multivariate or
mixed-effects models to better account for potential
confounding effects and to more accurately characterize the
ecological relationship between light intensity and
oviposition activity.

Influence of light intensity on oviposition behavior in high-
and low-endemicity areas

Indoor light intensity showed a significant negative
association with oviposition index, indicating that darker
environments may promote egg-laying activity in Aedes
mosquitoes. Although statistically significant, these results
should be interpreted with caution due to potential pseudo-
replication and the absence of mixed-model adjustment.
The odds ratio suggests a moderate effect, implying that
illumination contributes to, but does not solely determine,
oviposition preference. Considering effect sizes provides
an ecological perspective, emphasizing that Aedes
oviposition is shaped by interacting environmental factors
rather than a single variable. This aligns with previous
studies showing that shaded habitats favor oviposition by
reducing desiccation risk and predator exposure. The
negative association between indoor light intensity and
oviposition suggests a potential ecological link, rather than
a direct causal relationship. Further experimental studies
are needed to determine whether improving illumination
genuinely influences oviposition behavior.

Our results indicate that indoor light intensity
significantly influenced Aedes oviposition during the first
trapping, consistent with previous studies showing that dim
indoor environments can affect mosquito behavior and
breeding site selection (Rund et al. 2020; Wijewardana et

Panel A. Mann-Whitney U test
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al. 2025). This results suggests that oviposition is not solely
dependent on water availability but also shaped by
microclimatic and visual cues, particularly in dengue-
endemic settings (Aroonasyaka 2025). The absence of this
association during the second trapping likely reflects
behavioral flexibility, as gravid females adjust their
oviposition strategies based on prior site use or
environmental saturation (Costa-da-Silva et al. 2024). The
comparison between the two trapping periods was
conducted within a short interval and should therefore be
interpreted as short-term variability rather than true
behavioral plasticity. Temporal independence between the
periods may not have been fully achieved. Future
longitudinal studies are recommended to incorporate
repeated-measures or time-series models to better assess
temporal trends in oviposition behavior under varying
environmental conditions.

In contrast, outdoor light intensity showed no
significant association with oviposition in either trapping,
possibly due to broader ecological opportunities, container
diversity, and abundant olfactory cues that dominate
outdoor breeding behavior (David et al. 2023;
Dharmamuthuraja et al. 2023). These temporal variations
highlight the adaptive and dynamic nature of Aedes
oviposition, emphasizing the need for repeated sampling to
better capture mosquito-environment interactions (Mondal
et al. 2025).

The preference of Ae. aegypti and Ae. albopictus for
shaded, low-light habitats, as observed in laboratory studies
(Mozdraitis et al. 2020; Wynne 2023), is reinforced by our
field data. Light intensity likely influences oviposition
indirectly through changes in temperature, humidity, and
predation risk, with low-light environments offering more
favorable conditions for egg survival and reproductive
success (David et al. 2023; Farnesi et al. 2025).

Panel B. Forest plot of Z-score
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Figure 4. Influence of indoor-outdoor light intensity on egg density index of Aedes. Panel A: p-values from Mann-Whitney U test
illustrating the association between indoor and outdoor light intensity and oviposition outcomes across the first and second trapping
events. Panel B: Z-scores across first and second trapping events illustrating the comparative oviposition activity under different light

intensity conditions by trapping period
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Oviposition dynamics across endemicity status and habitat
settings

Oviposition activity in low-endemicity areas exhibited
greater heterogeneity, with Reukih Dayah showing
increased outdoor oviposition during the second trapping
period, while Mon Alue consistently recorded the lowest
activity across both habitats. Both indoor and outdoor
ovitraps provided comparable breeding opportunities for
Aedes mosquitoes, with subtle spatial and temporal
variations that may influence local transmission dynamics.

In Aceh Besar District, dedes spp. maintained high
oviposition activity across both high- and low-endemicity
areas, indicated by an OI of 62.92%. The absence of
statistically significant differences between endemicity
levels or habitat types demonstrates the strong ecological
adaptability of Aedes, allowing them to exploit diverse
breeding environments. These findings are consistent with
research conducted in Brazil, Malaysia, and Thailand,
which reported that the distribution of Ae. aegypti and Ae.
albopictus is determined more by microhabitat availability
than by endemicity status (Ratnasari et al. 2020; Tedjou et
al. 2020; Rahman et al. 2021; Wiyata et al. 2023;
Knoblauch et al. 2024; Fikri et al. 2025).

Site-specific  variations, such as higher indoor
oviposition in Aneuk Paya and fluctuating outdoor activity
in Reukih Dayah, likely reflect localized influences of
microclimatic conditions, container availability, and
household water management. The similarity in OI values
between indoor and outdoor settings highlights the dual
ecological niche of Aedes vectors. While Ade. aegypti
typically dominates indoor habitats, Ae. albopictus
increasingly thrives in peridomestic environments
(Dharmamuthuraja et al. 2023; Adjobi et al. 2024; Akollo
2024; Fikri et al. 2025). These patterns reinforce the
importance of Integrated Vector Management (IVM)
strategies that address both indoor and outdoor breeding
habitats through complementary interventions (Herath et al.
2024).

Improving household lighting may represent a novel,
low-cost intervention to reduce oviposition in dimly lit
indoor environments, which this study identified as more
common in high-endemicity areas. Enhancing natural or
artificial lighting could disrupt shaded microhabitats
favored by Ae. aegypti, thereby complementing traditional
vector control measures in resource-limited communities.
Such an approach is consistent with community-based
environmental modifications reported in Malaysia,
Thailand, and Brazil, where structural and household-level
changes reduced oviposition activity by limiting habitat
suitability (Rahman et al. 2021; Westby et al. 2021; Souza
et al. 2024). Integrating lighting improvements into [VM
may therefore strengthen control programs by addressing
both microclimatic and behavioral drivers of vector
ecology.

Finally, the uniformity of oviposition indices across
endemicity strata raises important considerations for
dengue surveillance. While OI and oviposition activity
remain practical entomological tools, their predictive value
for dengue outbreaks is limited and should be
complemented with additional indicators such as pupal
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indices, adult vector density, and viral infection rates in
mosquitoes (Sasmita et al. 2021; Adjobi et al. 2024
Alipitchay et al. 2025). Moreover, the observed temporal
fluctuations in egg density highlight the importance of
longitudinal surveillance to capture dynamic breeding
behaviors influenced by rainfall, temperature, and human
water storage practices. Collectively, these findings
emphasize the need for continuous, comprehensive
entomological monitoring and integrated interventions,
including household lighting improvements, across all
endemic settings to mitigate dengue transmission risk
effectively.

Impact of environmental light and dengue endemicity levels
on oviposition dynamics of Aedes mosquitoes

The result highlights that the influence of
environmental light on Aedes oviposition is both context-
and time-dependent, with indoor conditions showing
stronger associations than outdoor environments. The
temporal shift in statistical significance between the first
and second trap suggests that oviposition responses may be
shaped by short-term ecological or behavioral adaptations
within the mosquito population.

Our findings are consistent with earlier reports that Ae.
aegypti preferentially deposits eggs in shaded or dim
environments, where immature stages face reduced risk of
desiccation and predation, enhancing reproductive success
and population persistence (Walker 2021; Musunzaji et al.
2023; Meyerhof et al. 2025). The lack of consistent effects
across both trapping periods, however, highlights that
oviposition is not solely governed by light but also by other
microclimatic and ecological drivers such as humidity,
rainfall, and container availability (Gimenez et al. 2020;
Andreo et al. 2021).

Notably, outdoor light intensity and oviposition activity
showed no significant associations, suggesting that
peridomestic oviposition is less dependent on light
variation. This may reflect the ecological plasticity of Ae.
albopictus, which is more common in outdoor habitats and
capable of breeding across a wider range of environmental
conditions (Kramer et al. 2021). Such flexibility
underscores the challenge of targeting outdoor oviposition
sites through light-related interventions alone.

The stronger association observed indoors highlights
households as key points for surveillance and control.
Targeted interventions like removing containers in shaded
indoor areas, combined with ongoing monitoring through
ovitraps, could help reduce vector growth. At the same
time, the temporal variability in oviposition underlines the
need for long-term surveillance to better understand
ecological patterns and guide adaptive, integrated vector
management strategies.

In conclusion, the oviposition activity of Aedes in Aceh
Besar, Indonesia, is primarily influenced by local
microclimatic conditions and light intensity, with low
indoor lighting significantly increasing oviposition. dedes
adjusts its egg-laying behavior based on light, humidity,
and the availability of water-holding containers in both dim
indoor habitats and peridomestic outdoor environments.
Improving household lighting offers a simple, low-cost
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intervention that could reduce oviposition in dimly lit
environments and support integrated vector management
efforts. Environmental modification, when combined with
community-based participation and routine surveillance,
could strengthen dengue prevention programs in endemic
and semi-endemic regions.

Limitations

This study has some limitations that should be
acknowledged. First, the sampling period was relatively
short (August 2023), which may not have fully captured
seasonal variations in oviposition dynamics. Second,
molecular methods were not applied to confirm species
identity, and thus interpretations rely on morphological
identification, which may overlook cryptic species or
mixed populations of Ae. aegypti and Ae. albopictus. Third,
the study was conducted in only two sub-districts (Lhoknga
and Indrapuri) representing high and low dengue
endemicity areas. While this purposive selection allowed
an initial ecological comparison, the limited spatial
coverage may not capture the full heterogeneity of
environmental conditions across Aceh Besar District. In
addition, it is acknowledged that ovitraps deployed within
the same household or village may share similar
environmental conditions, which could introduce pseudo-
replication. Although logistic regression was applied to
provide exploratory interpretation, future studies with
broader sampling should employ hierarchical or mixed-
effects models to account for nested data structures and
improve statistical robustness. Temperature and humidity
were not statistically adjusted in the analysis, which may
have influenced the observed associations. Several
potential  confounding  factors, including  house
construction, surrounding vegetation, and household water
management practices were not controlled for in this study.
These variables could influence both lighting conditions
and mosquito breeding activity, thereby limiting causal
inference. Lastly, entomological risk assessment relied
exclusively on the OI and oviposition activity, without
integrating other indicators such as pupal indices, adult
mosquito abundance, or viral infection status. Despite these
constraints, the findings provide valuable preliminary
insights into the ecological adaptability of Aedes
mosquitoes across different endemicity contexts.
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