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Abstract

Malaysia is a tropical country that has consistently been facing a prevalent threat of
mosquito-borne diseases. Amongst the plethora of diseases, the most common mosquito-
borne disease in the country is dengue fever, transmitted by Aedes spp. mosquitoes. This
study aims to examine the effects of human activity associated with different land use on
mosquito population composition and diversity. Our study site is Chini Lake, a naturally
occurring lake and the second-largest freshwater body in Malaysia. The areas surrounding
the Lake have been subjected to various human activities, such as economic development
and conversion into rubber plantations, while some areas remain pristine, making Chini
Lake an ideal location to examine the gradient of human disturbances on mosquito
composition and diversity. We sampled adult mosquitoes and larvae across a range of
sites with different levels of human disturbance. As expected, in areas with high
disturbance scores, the species richness of adult and larval mosquitoes were reduced
while the abundance was higher. The results also revealed minimal overlap between
species captured for adult and larval samplings, suggesting that land-use changes affect
both life stages differently. Different resource requirements of adult and larval mosquitoes
likely led to the observed diversity pattern in this small survey. We suggest future work to
look into how habitat heterogeneity affects both life stages and sexes of mosquito diversity
patterns and distribution.
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Introduction

Mosquito-borne diseases are mainly concentrated in tropical and sub-tropical regions of
the world and are a source of global health concern (Liang et al. 2019). Malaysia is
particularly susceptible to mosquito-borne diseases as the wet tropical climate is ideal for
mosquitoes to thrive in, with the wet season seeing outbreaks of such diseases (Lafferty
2009). The most common and widely-spread mosquito-borne disease in Malaysia is
dengue fever, vectored by the Aedes spp. mosquitoes. Other mosquito-borne diseases in
Malaysia include chikungunya, Japanese encephalitis and malaria (Shafie et al. 2016).
There is an increasing pattern of dengue incidences throughout the entire country for the
past decade, with west peninsular states affected more severely by the dengue fever.
These incidences were concentrated in urban communities (Mohd-Zaki et al. 2014),
suggesting that there is a positive correlation between the prevalence of dengue fever and
the increased development of urban landscapes. The year-long chikungunya outbreak in
Malaysia was also heavily concentrated in urbanised environments (Lam et al. 2001),
further reinstating that the incidence of mosquito-borne diseases in Malaysia is associated
with increased urbanisation.

Human activities, such as deforestation and agricultural development, have been
associated with the increased transmission of arboviruses by mosquitoes (Vasconcelos et
al. 2001, Norris 2004). Changes in land use across various natural mosquito habitats
act as a driving force that alters the behaviour of mosquitoes as they source alternative
habitats and resources (Norris 2004, Lee et al. 2019), which directly interrupts the regular
host-seeking behaviour of blood-feeding mosquitoes due to the changes in host availability
as the landscape is transformed (Zahouli et al. 2017b). Deforestation is a key contributor
to the destruction of natural mosquito habitats and subsequent behavioural alterations of
mosquitoes (Afrane et al. 2006, Olson et al. 2010). Forests that are rich in flora and fauna
provide shelter and an abundance of food resources for blood-feeding and non-blood-
feeding mosquitoes alike. When such forests are destroyed, mosquitoes are forced to alter
their behaviour in response to the disturbances. These changes in feeding habits of
mosquitoes contribute to the increased risk of mosquito-borne disease transmission
amongst humans, potentially explaining the increase in mosquito-borne diseases
in urbanised environments (Olson et al. 2010, Zahouli et al. 2017a).

While natural mosquito habitats are destroyed by changes in land use, certain human
activities may provide an abundance of breeding opportunities for certain mosquito
species, especially container breeders and species that can thrive in feculent waters (Li et
al. 2014, Zahouli et al. 2017a, Zahouli et al. 2017b, Lee et al. 2019). Human activities that
result in the introduction of artificial containers and fruit husks can act as driving factors in
breeding of such mosquito species (Li et al. 2014). An example of this would be the
transformation of forests into rubber plantations where containers and fruit husks are
introduced to collect latex from rubber trees. These containers can act as breeding
grounds for container-breeders (Rao 2010, Tangena et al. 2016). Container breeders, such
as the Aedes and Culex mosquito, can exploit these introduced artificial containers and



displace other mosquito species in a given area (Li et al. 2014). The ability of the Aedes
and Culex mosquito larvae to survive in such containers under constrained circumstances
gives them a competitive edge against other mosquito species that fail to display similar
behaviour, resulting in competitive exclusion of other species in terms of breeding
grounds (Miyagi et al. 1992, Koenraadt and Harrington 2008).

Chini Lake - the second largest freshwater lake in Malaysia - is under threat from human
development (Sharip and Jusoh 2010). The Lake is surrounded by hilly areas and
undulating land and is comprised of 202 ha of open water and 700 ha of swamp area (Plan
1987). The Lake is unusual in shape, comprising 12 small lakes interconnected by natural
channels and is categorised as an alluvial riparian swamp system, an ecosystem that is
categorised as the most endangered ecosystem type in Malaysia (Hebauer et al. 1999
; Fig. 1). The lake has recreational value as well as a hub for its unique biodiversity. It
possesses natural landscapes and social-cultural attractions, with surrounding
areas primarily inhabited by the aboriginal Jakun people and local Malay Federal Land
Development Authority (FELDA) settlers (Sujaul et al. 2010). The aboriginal people and
local Malay settlers carry out daily activities, such as collecting rattan, bamboo, wood,
resin, roots and medicinal plants, hunting and fishing. They also engage in agricultural
activities, such as rubber tapping, as some forests close to their settiement have been
converted into rubber plantations (Kemalok et al. 2019). Intense mining activities have also
been conducted by private corporations in the areas surrounding the Lake, where forests
have been cleared, contributing to the pollution of the Lake (Sujaul et al. 2010). This
clearing has also led to indiscriminate piling of soil and plant debris around the Lake, which
over time, led to the colonisation of pioneer plants and subsequent flooding (Sharip and
Jusoh 2010). During the flooding period, these piles can be dislodged from the Lake’s
littoral zone and move around the Lake, which led to the formation of floating islands on the
Lake. These understudied floating islands present a unique habitat as they are situated on
the Lake itself and do not house any large mammals (Sujaul et al. 2010, Sharip and Jusoh
2010).

Despite such a wide range of land use in Chini Lake, Pahang, the effects of human activity
on mosquito composition and diversity remain underexplored. Dengue cases have
continuously risen in the State of Pahang over the decade (Syafiq Mustafa and Sulaiman
2021). Besides the dengue fever, cases of malaria, another mosquito-borne disease
carried by the Anopheles mosquito, were also reported in the rural areas of the State of
Pahang (Kaur 2009, Ahmad et al. 2011). Although mosquito-borne diseases have been
reported across the State of Pahang, studies regarding how the changes in land use
affect mosquito composition and diversity, which provides insightful information on
mosquito-borne disease transmission, have not been previously carried out in this area.
We contend that the terrestrial environment surrounding the Lake was an ideal study
location because of its mix of pristine, non-human-disturbed areas and areas with high
human traffic, representing a disturbance gradient to be studied concerning mosquito
composition and diversity. Therefore, this study will assess: (i) the effects of a human
disturbance gradient on mosquito species richness and abundance in five different areas
around Lake Chini. Additionally, as mosquitoes have dual life stages with aquatic larval



form and adult terrestrial form, we will also assess: (ii) the impact of the human disturbance
on these two life stages separately. Furthermore, we will look at: (iii) the community
composition of mosquitoes at the different sites. We hypothesise that mosquito species
richness will decrease, whereas mosquito abundances will increase with increasing human
disturbance. From existing works of literature, we also expect to find low community
composition overlap between disturbed and pristine sites.

Material and methods

Study area and quantifying disturbance scale

This study was conducted in the east coast region of Malaysia. The chosen study site,
Chini Lake, is located in the State of Pahang. The five sampling sites were approximately
within a one-kilometre radius of Chini Lake (33°26°N, 102°55’E; Fig. 1), where the sampling
sites ranged from areas with high anthropogenic disturbance to pristine areas with low
anthropogenic disturbance. Human disturbance was quantified according to the
disturbance scale presented by Kimberling et al. (2001). Four distinct measures were
considered when assessing the level of anthropogenic disturbance in a given sampling
site. These four measures were: the extent of disturbance, the extent of soil profile
disturbance, time since disturbance and frequency of disturbance. Scores ranged from 0-2,
at 0.5 increments, whereby 0 represents low disturbance and 2 represents high
disturbance. The scores for each scale were given, based on observations by two
independent researchers' (TSP and JML) assessments at the sampling sites, with the
tallying of scores across measures used as the overall disturbance score per site. In
situations where the scoring differed between the assessors, we took the average as
the disturbance score (Table 1). Both independent researchers scored Chini Resort as
the site with the highest anthropogenic disturbance, followed by the rubber plantation with
moderate anthropogenic disturbance. It is located in a village of the Jakun aboriginal
people and is mainly utilised by the aboriginal people for rubber-tapping activities. A hiking
trail in a secondary forest is also scored as a site with a moderate anthropogenic
disturbance with aboriginal people using this trail for collecting natural products, such as
wood, resin and hunting wildlife in the forest. The floating island is a unique sampling site
because it is mobile during the flood season and has limited accessibility as it can only be
accessible by boat and has no economic value to the tourists or the local community.
However, due to the nature of the floating island, the researchers scored a 1.0 for the
category 'time since disturbance'. An alluvial riparian swamp with limited accessibility to
tourists and the local community represents the site with no anthropogenic disturbance.

Mosquito sampling and species identification

The sampling of mosquitoes was conducted between 3 and 5 July 2018 at five different
sites within the study area, which coincides with the dry season in Pahang (Fig. 1). These
sites are only accessible during the dry season as the roads accessing the Chini Lake



areas will be flooded during the wet season. For adult mosquito sampling, each site was
sampled twice for 30 minutes respectively, once in the morning and once in the evening,
within the periods of 7:00 AM to 8:00 AM and 6:00 PM to 7:00 PM. We chose the mosquito
sampling timing to coincide with known peak female mosquito foraging activity. A sampling
focal point was chosen in each of the five sampling sites and sampling was done within a
100-m radius of that point. Using the Prokopack Aspirator Model 1419 (JW Hock, USA),
adult mosquitoes were captured by targeting potential mosquito resting places and any
visible mosquito at ground level to a height of 2 m - the maximum height reach of the
Prokopack Aspirator. Captured mosquitoes were then stored in sealable plastic bags to be
transported back to the lab. Mosquito samples were transferred into a killing jar filled with
75% ethanol for identification purposes.

For mosquito larval sampling, we surveyed within the 100 m sampling focal point from
each of the five sampling sites (Fig. 1). Larvae were collected from all available larvae
habitats, natural and/or artificial, found within this radius at each sampling site. Larval
habitats that were made up of small water bodies were emptied into a plastic container
where mosquito larvae were subsequently picked out using a plastic pipette or directly
picked out from their habitat. Larval habitats that were made up of larger water bodies were
pumped using a hand siphon pump, where the water was collected in plastic containers
and the mosquito larvae were subsequently picked out using a plastic pipette. Collected
mosquito larvae were kept alive and transported back to the laboratory where they were
reared until adults for identification. The mosquito identification was based on the
morphological distinctions of mostly female adult mosquitoes under a microscope using
several taxonomic keys developed for Thailand mosquitoes (Rattanarithikul et al. 2005,
Rattanarithikul et al. 2007, Rattanarithikul et al. 2010, Jeffery et al. 2012).

Statistical analyses

We first performed a linear correlation analysis to assess the relationship between species
richness and species abundance to the total disturbance score. Following that, a
regression analysis was performed to determine the significance of the relationship
between species richness and species abundance to the total disturbance score. To
assess how mosquito communities varied in each sampling site, we computed Bray-Curtis
dissimilarity measured using square root transformed data. For visualisation of community
composition, we produced a non-metric multidimensional scaling (NMDS) ordination plot.
The Bray-Curtis dissimilarity measures were computed from the transformed data and
subjected to NMDS to produce an ordination plot of mosquitoes. Sites that were clustered
together in the ordination plots indicated that those sites were similar in mosquito
composition. For rank abundance and community composition analyses, we use adult
mosquito data as there was only one species of larval mosquito being collected in swamp
forest, which was insufficient for these type of data analyses. All statistical analyses were
computed using MS Excel ver. 16.16.3 (Microsoft Inc., USA), except for NMDS (GINGKO
ver 1.5.8) (Bouxin 2005).



Data resources

Raw data for adult mosquitoes are available in Table 2 and larval mosquitoes are available
in Table 3.

Results

Disturbance scores

Four measures were used to quantify the disturbance at each sampling site and the values
given for each measure were collected by two independent researchers (TPS and JML)
and then summed up according to the sampling site, resulting in a total disturbance score
(Table 1). The extent of soil profile disturbance was judged, based on disruptions, such as
the introduction of pavements or walking paths and compactness to the soil are indications
of high human activity in comparison to other sampling sites. Some of the sampling sites
appeared to be disturbed over a longer period, such as the Chini Resort and the rubber
plantation, while others displayed relatively recent disturbances, such as the hiking trail
and the floating island. The frequency of disturbance also appeared to be higher at the site
with the highest human activity, which is Chini Resort, while other sites with medium to low
human activity displayed a low frequency or no disturbance. Overall, Chini Resort had the
highest total disturbance score (8.0), followed by the rubber plantation (5.0), hiking trail
(2.5) and the floating island (1.0). Based on the scale developed by Kimberling et al. (2001)
, we could not find any indication of human disturbance at the swamp forest site (0.0)
(Table 1).

Mosquito captures

Overall, a total of 661 adult mosquitoes, comprising 24 species (Table 2) and 411 mosquito
larvae, comprising 16 species (Table 3) were sampled across five sampling sites within
Chini Lake in July 2018. This includes commonly-known mosquito-borne disease vector
genera, such as Aedes, Anopheles, Culex and Mansonia. Eleven species were captured
as larvae that were not captured as adults were identified (Table 3). It was also discovered
that all the adult species captured in Chini Resort were not mutually exclusive to that
sampling site and occurred in three other sampling sites, with the floating island being the
only exception.

Out of 411 mosquito larvae sampled, 323 were sampled from artificial breeding grounds,
which consisted of plastic containers and plant pots, from the two sites with high
disturbance scores, Chini resort and Rubber plantation. All larvae habitats at sites with low
disturbance scores, the floating island and the swamp forest, were collected from natural
breeding grounds, which consisted of water-filled tree holes and pitcher plants.



Species richness, abundance and community

Two genera dominated the total samples of adults and larvae collected; Aedes and Culex (
Table 3). The mosquito community in Chini Lake consisted of a range of mosquito species,
with 16 adult species recorded in swamp forest (disturbance score = 0), followed by the
hiking trail (disturbance score = 2.5) with 14 species, the rubber plantation (disturbance
score = 5.0) with six species, Chini Resort (disturbance score = 8) with three species and
the floating island (disturbance score = 1.0) with two species (Figs 2, 3) Adult species
richness displayed weak non-significant positive correlation to total disturbance score (R? =
0.2849, p > 0.05, Fig. 2). Similarly, larval species richness also displayed weak non-
significant positive correlation (R? = 0.1010, p > 0.05, Fig. 3). Both adult and larval
mosquito species richness showed a decreasing trend as the total disturbance score
increases.

The highest number of adult and larval mosquitoes captured in a single sampling site were
325 and 185, respectively. Both of these values correspond to Chini Resort (disturbance
score = 8.0). The lowest number of adult and larval mosquitoes captured in a single
sampling site was 2 (floating island, disturbance score = 1.0) and 1 (swamp forest,
disturbance score = 0.0), respectively (Table 3). In all but the floating island site, Aedes
albopictus dominated in terms of abundance of a single species at a given sampling site.
Adult mosquito abundance showed a moderate non-significant positive correlation to total
disturbance score (R? = 0.5342, p > 0.05) (Fig. 2). Similarly, larval abundance showed a
strong significant positive correlation to total disturbance score (R%Z = 0.9795, p < 0.05)
(Fig. 3). Both adult and larval mosquito abundance showed an increasing trend as the total
disturbance score increases (Figs 2, 3). All sites, except the floating island (disturbance
score = 1.0) have a highly uneven distribution of adult mosquitoes, with Aedes albopictus
dominating in these sampling sites (58.8% in Chini resort, 75.0% in Rubber plantation and
80.7% in Hiking trail).

Based on the Bray-Curtis dissimilarity measures, sites with high to moderate disturbance
scores (2.5-8.0) were grouped in the NMDS plot. However, the two lowest disturbance
score sites, swamp forest (disturbance score = 0.0) and floating island (disturbance score
= 1.0) showed distinctively different mosquito community compositions (Fig. 4).

Discussion

This study is the first to assess the effects of anthropogenic disturbance on mosquito
species richness, abundance and community composition around Chini Lake. We used
four semi-quantitative disturbance measures, which resulted in a total disturbance score for
each of the five sampling sites (Table 1). These disturbance scores were biased towards
the anthropogenic disturbance; for example, the extent of soil profile disturbance and the
frequency of disturbance were scored highest at the site with the highest human activity -
Chini Resort, while other sites with medium to low human activity displayed a low
frequency or no disturbance. Overall, Chini Resort had the highest total disturbance score



(8.0), followed by the rubber plantation (5.0), hiking trail (2.5) and the floating island (1.0).
Based on the scale developed by Kimberling et al. (2001), we could not find any indications
of human disturbance at the swamp forest site (0.0) (Table 1). At these sites, adult and
larval mosquitoes were sampled twice and the species richness, abundances and
community composition of mosquitoes at both life stages were analysed.

Mosquito species richness was higher in areas with lower anthropogenic disturbance (Figs
2, 3). This is consistent with mosquito diversity studies in the Neotropics (Loaiza et al. 2017
, Loaiza et al. 2019), suggesting that a more disturbed environment is unable to
accommodate mosquitoes with different ecological niches as opposed to a less disturbed
environment (Steiger et al. 2016, Hermanns et al. 2021). This could be due to several
reasons, one of which isthat habitats with higher anthropogenic disturbances are
associated with the introduction of artificial breeding grounds (Li et al. 2014, Tangena et al.
2016). Container breeders can exploit this breeding niche (Miyagi et al. 1992, Koenraadt
and Harrington 2008, Li et al. 2014), allowing certain mosquito species that can tolerate
feculent waters to thrive in conditions that are unfavourable for other mosquito species (Li
et al. 2014, Zahouli et al. 2017a). This gives them an added advantage in
anthropogenically disturbed environments over other mosquito species that can only breed
under more stringent conditions (Vanwambeke et al. 2007). The mosquito species richness
in less anthropogenically disturbed sites was mainly driven by natural breeding grounds’
availability, such as water-filled tree holes (Jenkins and Carpenter 1946). In these larval
habitats, there is an abundance of aquatic insects that are natural predators to mosquito
larvae (Quiroz-Martinez and Rodriguez-Castro 2007), which may control the over-
dominance of a single mosquito species.

The second factor that may explain higher mosquito species richness in areas with lower
anthropogenic disturbance is the change inlandscape microclimate. Anthropogenically
disturbed landscapes have more open habitats. The increased temperature and light
intensity in open habitats can accelerate the growth and survivorship of mosquito larvae (
Haider et al. 2017, Zahouli et al. 2017a, Zahouli et al. 2017b, Thomas et al. 2018). It also
promotes algal growth (Steiger et al. 2016), an essential food source for mosquito larvae,
directly contributing to the increased survivorship of larvae in these areas. This increased
survivorship of some species in disturbed areas allows them to dominate the resources
and persist in those areas as they occur in higher numbers (Loaiza et al. 2019), out-
competing other less-tolerant species and consequently reducing species richness. Our
sampling of larval mosquitoes at the disturbed sites collected 10x magnitudes of Aedes
and Culex species in the two most anthropogenic disturbed sites (Table 3).

The third factor that may determine mosquito species richness is host availability and
diversity (Minakawa et al. 2002, Smith et al. 2004, Burkett-Cadena et al. 2013). Female
mosquitoes of almost all mosquito species require a blood meal from mammalian hosts to
complete their reproductive cycle (Zhou et al. 2007). Large mammals are found on all sites,
except the floating island. Due to its small size and inaccessibility (see Methods for site
descriptions), adult female mosquitoes cannot thrive in that environment and consequently,
adult male mosquitoes also do not inhabit as there is a lack of mating opportunities in the
absence of female mosquitoes: hence, the lack of adult mosquito sampled on this site (Fig.



2). However, seven larvae species were identified in the floating island sampling site,
suggesting that, although adult mosquitoes do not reside in that environment, the natural
water holes in the ground and the pitchers of pitcher plants are suitable breeding grounds
for mosquitoes (Fig. 3). We suspect that female mosquitoes use the site as breeding
grounds and once the larvae emerge, they fly to nearby habitats for feeding (female) and
mating (male) opportunities. Due to the contour of the Lake (Fig. 1), newly-emerged
mosquitoes do not need to travel far for feeding and mating opportunities.

Surprisingly, we could not detect breeding grounds at our least disturbed site (= swamp
forest) (Fig. 2). We suspected it is due to the month of sampling that coincides with the
peak of the dry season. Natural larvae habitats in pristine environments are largely found
to be reliant on rainfall (Tanaka and Tanaka 1982, Imbahale et al. 2011). This could have
resulted in the low number of larval habitats found, which consequently led to the detection
of low larvae species richness (Fig. 3). Although only one larvae species was identified, 16
species of adult mosquitoes were captured in the swamp forest (Fig. 2) and 15 of these
species were distinct from the larvae species identified (Table 3). This indicated that adult
mosquitoes can inhabit areas that are not suitable for larvae breeding, perhaps due to the
availability of feeding and mating opportunities.

This study has a limited number of sites due to the inaccessibility of the areas surrounding
Chini Lake. Moreover, the sampling time and capture method for adult mosquitoes were
also biased towards capturing females. Due to the small replicates, we combined both
sexes of mosquito in our analyses, excluding the analyses of female and male mosquito
distribution differences. The aspiration method that we used for sampling targeted flying
adults within the sampling radius could have very well missed those species that are not
active during the sampling period. We include larvae mosquito sampling to partially rectify
the adult sampling bias. This, however, introduces another sampling bias as not all species
of mosquito are breeding simultaneously and the fact that some species would have
emerged and had moved into an area from breeding sites far removed from the sampling
radius. Nevertheless, we believed both adult and larvae mosquito sampling needs to be
incorporated into all diversity surveys for taxa that have dual life stages, to understand a
more comprehensive driver of diversity.

Conclusions

A general pattern of reduced species richness, but increased species abundance was seen
with increasing disturbance across the five sampling sites in Chini Lake, Pahang.
Anthropogenic disturbances, especially in the form of deforestation and land-use change
for agricultural and economic development lead to increased introduction of artificial
breeding grounds and accessibility of mammal hosts for select mosquito species, such as
Aedes albopictus and Culex brevipalpis. The inclusion of larval sampling is also highlighted
as necessary, particularly for species not found in high numbers, potentially not active
during crepuscular periods and species that use landscapes unlikely to be sampled by
conventional approaches during the adult stage. Different resource requirements of adult
and larval mosquitoes likely led to the observed diversity pattern in this small survey. We



suggest future work to look into how habitat heterogeneity and availability of breeding
grounds affect both sexes' mosquito diversity and distribution.
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Figure 1.

Five sampling sites (black squares) within a one-kilometre radius of Chini Lake. The sampling
sites are situated at an accessible section of the Lake. The light blue denotes the water
body of Chini Lake and the different shades of green denote the contour of the land around
the Lake.
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Figure 2.

The number of adult mosquitoes and species collected across the anthropogenic disturbance
gradients at Chini Lake surroundings. Species abundance (blue bars) increases at more
anthropogenically disturbed sites. Conversely, species richness (orange lines) decreases at
the more anthropogenically disturbed sites. Swamp forest (disturbance score = 0) has the
highest number of species collected. An exception is seen at the floating island (disturbance
score = 1), most likely due to the absence of large mammals at this sampling site.
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Figure 3.

The number of mosquito larvae and species collected across the anthropogenic disturbance
gradients at Chini Lake surroundings. Species abundance (blue bars) increases at more
anthropogenically disturbed sites. Conversely, species richness (orange lines) decreases at
the more anthropogenically disturbed sites.
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Figure 4.

Mosquitoes captured between adult and larvae stages showed minimal overlap (A). Mosquito
composition (both adults and larvae) at moderate to high-disturbed sites (disturbance score =
2.5 to 8) grouped, whereas the two low disturbance score sites differ from each other

respectively (B).
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Table 1.

Disturbance scoring is based on Kimberling et al. (2001) scale. Chini Resort scores the highest in

anthropogenic disturbance, whereas a site

in the alluvial

riparian swamp forest

anthropogenic presence, hence scoring lowest on the disturbance scale.

Sampling site

Chini Resort
Rubber plantation
Hiking trail
Floating island

Swamp forest

Disturbance scores
Extent
2

Soil

0.5

18

Time

1.5
0.5
1.0

Frequency
2

1

0.5

0

0

has no

Total
8.0
5.0
25
1.0
0.0



Table 2.

Cumulative adult mosquito species were sampled across five sites with different disturbance scores
(bracketed). Each site was sampled twice for 30 minutes respectively, once in the morning and
once in the evening, within the periods of 7:00 AM to 8:00 AM, and 6:00 PM to 7:00 PM, coinciding
with mosquito peak activity time.

Species Sites & Disturbance Score (Highest to Lowest)

Chini resort  Rubber plantation  Hiking trail Floating island Swamp forest

8) ()] (2.5) (1.0) (0)
Aedes albopictus 191 48 142 0 26
Aedes butleri 0 0 0 0 19
Anopheles sp. 1 0 0 1 0 0
Anopheles whartoni 0 1 10 0 1
Armigeres subalbatus 1 6 8 0 0
Coquillettidia nigrosignata 0 2 3 0 3
Coquillettidia sp. 0 5 1 0 3
Culex (Lophoceraomyia) sp. 0 0 0 0 9
1
Culex (Lop.) sp. 2 0 0 0 0 3
Culex sp. 3 0 0 0 0 1
Culex brevipalpis 133 0 1 0 6
Culex cincetellus 0 0 0 1 1
Culex quinquefasciatus 0 2 2 0 0
Culex rubithoracis 0 0 1 1 0
Malaya sp. 0 0 1 0 0
Mansonia annulata 0 0 3 0 0
Mansonia bonneae 0 0 1 0 0
Mansonia dives 0 0 1 0 5
Mansonia uniformis 0 0 1 0 0
Paraedes ostentatio 0 0 0 0 1
Tripteroides (Tripteroides) 0 0 0 0 1
sp.
Tripteroides sp. 1 0 0 0 0 2
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Uranotaenia (Uranotaenia

)sp. 1

Uranotaenia (Ur.) sp. 2

0

0
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Table 3.

Larval mosquito species were sampled across five sites with different disturbance scores
(bracketed). A sampling focal point was chosen at each site and larvae mosquitoes within the 100-
m radius of the focal point were collected from both natural and artificial containers. ™' denotes
larval mosquito species that were not captured as adults.

Sites & Disturbance Score Score (Highest to Lowest)

Species Chini resort Rubber Hiking trail  Floating island Swamp
(8) plantation (5) (2.5) (1.0) forest (0)
Aedes albolineatus * 0 0 1" 0 0
Aedes albopictus 146 119 1 0 0
Aedes pexa * 0 0 14 0 0
Aedes mikrokopian * 0 0 9 0 0
Anopheles sp. 2 * 0 0 0 3 0
Armigeres follatus * 0 0 1 0 0
Culex rubithoracis 0 0 15 0
Culex (Lop.) sp. 1 0 0 0 0 14
Culex brevipalpis 39 0 7 0 0
Mimomyia sp. * 0 0 1 0
Orthopodomyia sp. * 0 0 0 1 0
Toxorhynchites splendens * 0 2 0 0 0
Tripteroides (Rachionotomyia) sp. * 0 0 0 2 0
Tripteroides (Trp.) sp. 0 17 5 0 0
Uranotaenia (Pseudoficalbia) 0 0 0 1 0
novobscura *
Uranotaenia (Ur.) micans * 0 0 0 3 0
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