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Abstract. Chaiphongpachara T, Laojuna S. 2024. Seasonal species composition, abundance and public health importance of mosquito
vectors (Diptera: Culicidae) in Huai Tha Khoei Reservoir, Ratchaburi, Thailand. Biodiversitas 25: 1264-1275. Mosquitoes are vectors
for pathogens that cause life-threatening diseases in humans and animals. Significant mosquito-borne diseases include malaria, dengue,
chikungunya, Zika, Japanese encephalitis, and filariasis. Anthropogenic environmental changes can significantly impact the dynamics of
disease vector populations, which can lead to outbreaks of mosquito-borne diseases. This study investigated the seasonal variation in
species composition and abundance of mosquito vectors around the Huai Tha Khoei Reservoir in Ratchaburi Province, Thailand, across
cool, hot, and rainy seasons. A total of 1363 mosquitoes, representing 30 species from five genera, were collected. In particular, 25 of
these species, accounting for 83.33% of the total, were identified as vectors of human pathogens. The most dominant species across all
seasons was Culex tritaeniorhynchus Giles 1901, representing 39.47% (n=538) of the total, followed by Anopheles barbirostris Wulp
1884 s.I. (14.38%, n = 196) and Culex vishnui Theobald 1901 (9.02%, n=123). The Shannon diversity index was highest during the
rainy season (H’= 2.144) and lowest in the hot season (H’=1.788). This is consistent with the results of the UPGMA tree based on beta
diversity, indicating that mosquito diversity in the rainy season differs significantly from that in the cool and hot seasons. The findings
enhance our understanding of the impact of seasonality on mosquito vectors in this region, which is crucial for developing effective
disease control strategies. Additionally, this study serves as a valuable reference for understanding the diversity of mosquito vectors in

other areas.
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INTRODUCTION

Mosquitoes are considered the most lethal vectors in the
world due to their role in transmitting deadly diseases to
humans and animals (Agboli et al. 2021; Breedlove 2022;
Wang et al. 2022). They are responsible for spreading
important mosquito-borne diseases in humans, such as
malaria, dengue, chikungunya, Zika, Japanese encephalitis,
and filariasis (Chala and Hamde 2021). Malaria, in
particular, is a mosquito-borne disease caused by
Plasmodium parasites and represents one of the most
significant global health challenges. In 2022, there were
approximately 249 million reported cases of malaria
worldwide, with 608,000 deaths (World Health
Organization 2023). Dengue, Zika and Japanese
encephalitis (JE) are diseases caused by viruses belonging
to the genus Flavivirus within the family Flaviviridae
(Amicizia et al. 2018). Aedes mosquitoes, especially Aedes
aegypti Linnaeus, 1762 and Aedes albopictus Skuse, 1894,
are responsible for transmitting dengue and Zika (Ahebwa
et al. 2023), while Culex mosquitoes are the primary
vectors for JE (van den Eynde et al. 2022). Chikungunya,
caused by the chikungunya virus of the genus Alphavirus
and family Togaviridae, is prevalent in over 110 countries,
and there were more than 2 million reported cases in 2005
(World Health Organization 2022). Lymphatic filariasis,

caused by filarial parasites transmitted through mosquito
bites, continues to pose a risk to 882 million people in 44
countries worldwide (Bizhani et al. 2021).

Currently, there are 3723 officially reported mosquito
species (Harbach 2023). Mosquitoes exhibit a broad
geographical distribution, inhabiting temperate, subtropical
and tropical climates worldwide, and their range even
extends to areas beyond the Arctic Circle (Harbach 2023).
Thailand, located in the central part of mainland Southeast
Asia, is characterized by a consistently warm and humid
tropical climate. This tropical climate contributes to the
diversity of several mosquito vectors, making Thailand a
high-risk area for mosquito-borne diseases
(Chaiphongpachara et al. 2022b). Surveying the diversity
of mosquitoes in different regions is crucial for determining
the risk level of mosquito-borne diseases (Kabore et al.
2023; Rakotonirina et al. 2023; Laojun et al. 2024).
Furthermore, this information is essential for establishing
effective guidelines to control mosquito vector populations,
considering the distinct habitat and biology of each species.

Anthropogenic environmental changes should be
closely monitored for their impact on disease vector
mosquitoes, which may contribute to outbreaks of
mosquito-borne infectious diseases (Caminade et al. 2019).
Previous studies have reported that the expansion of urban
areas can lead to the emergence of outbreaks of dengue



CHAIPHONGPACHAR & LAOJUNA - Species diversity of mosquitoes in Huai Tha Khoei Reservoir, Thailand

fever, primarily due to an increase in the number of A.
aegypti mosquitoes (Kolimenakis et al. 2021; Wilke et al.
2021). A reservoir, typically a medium-sized man-made
water storage facility, is primarily used for agricultural
purposes. Constructing a reservoir necessitates significant
alterations to the surrounding environment, leading to
modifications in the local ecosystem (Eekhout et al. 2020;
Zhao et al. 2021). The Tha Khoei Reservoir, also known as
the Pong Krating Reservoir, is situated in the village of Phu
Nam Ron within the Ban Bueng Sub-district of Ban Kha
District, Ratchaburi Province, Thailand. The creation of the
reservoir has not only altered the local environment but
also attracted more tourists to the area. Reports of
mosquito-borne diseases in Thailand indicate occurrences
of malaria and dengue fever in this region (Bureau of
Epidemiology 2023). A recent study also identified
Anopheles mosquitoes in the area infected with the goat
malaria parasite Plasmodium caprae (Nguyen et al. 2023).
Despite these reports, comprehensive data on mosquito
diversity in this area remains limited. This lack of detailed
information could lead to ineffective disease control
measures and potentially contribute to disease outbreaks in
other areas, particularly when infected tourists return from
this area.

Understanding the seasonal dynamics of mosquito
vectors is crucial because it leads to variations in species
composition and abundance (Foley et al. 2017).
Meteorological factors, which vary with each season,
significantly influence adult mosquito abundance by
altering the quality and quantity of breeding habitats (Foley
et al. 2017; Abdulloh et al. 2024). A recent survey on the
environmental dynamics of coastal mosquito vectors in
Central Thailand revealed that seasonal fluctuations
significantly affect the larval densities of these mosquito
species (Abdulloh et al. 2024). The study also found that
specific water quality factors and meteorological
parameters in coastal areas have a considerable influence
on mosquito vector populations. Consequently, conducting
surveillance of disease vectors each season is crucial for
effective public health disease control.

To address these issues, this study investigated the
composition of seasonal species and the abundance of
mosquito vectors in the area surrounding the Huai Tha
Khoei Reservoir in Ratchaburi Province, Thailand. The
results may provide essential public health information for
understanding the seasonal patterns of disease vector
mosquitoes in this region. Such understanding may allow
for the identification of target mosquito vectors for
effective control, which may lead to a reduction in the
cases of mosquito-borne infectious diseases in the area.
Additionally, the study may serve as a valuable case study
for understanding the seasonal diversity of mosquito
vectors in other regions.

MATERIALS AND METHODS

Study area
The study site for this research was the area
surrounding the Huai Tha Khoei Reservoir (13°17'15.7"N,

1265

99°24'57.7"E) in the village of Phu Nam Ron, Ban Bueng
Sub-district, Ban Kha District, Ratchaburi Province,
western Thailand (Figure 1). The reservoir is located
adjacent to the village. The surrounding region comprises a
mixed deciduous forest and a plain at the foot of a
mountain. Additionally, this location serves as a camping
spot featuring beautiful natural scenery and hot springs
within the Chaloem Phra Kiat Thai Prachan National Park,
which is part of the national reserved forest on the left bank
of the Phachi River, attracting an increasing number of
tourists. In Western Thailand, the climatic year is
traditionally segmented into three distinct seasons, each
reflecting the region's unique weather patterns within a
tropical setting. The seasons are as follows: the wet or
rainy season (June to October), known for its high rainfall
and hot temperatures; the cool season (November to
February), characterized by lower temperatures and
minimal rainfall; and the hot season (March to May), where
temperatures peak and the climate remains dry. This
classification caters to the nuanced variations observed in
the area's climate. Meteorological data, including rainfall,
relative humidity, temperature, and wind speed for these
seasons, were collected from Thailand's meteorological
stations and are detailed in Table 1.

Mosquito sample collection

Mosquito samples were collected around the Huai Tha
Khoei Reservoir using Centers for Disease Control and
Prevention (CDC) light traps (John W. Hock Co.,
Gainesville, FL, USA) during three distinct seasons: the
rainy season in October 2021, the cool season in January
2022, and the hot season again in April 2022. Six CDC
light traps were installed approximately 1.5 m above
ground at different locations around the reservoir: two in
the upper area (13°17'15.7"N, 99°24'57.7"E), two in the
middle area (13°16'29.2"N, 99°25'38.9"E), and two in the
lower area (13°14'48.4"N, 99°25'34.6"E; Figure 1B). These
traps operated overnight, from 6:00 P.M. to 6:00 A.M., for
five consecutive days during each season. In the morning
(6:00-7:00 A.M.), the catch bags were removed from the
CDC light traps and placed in a box with dry ice for 20 min
to euthanize the captured mosquitoes. The catch bags
containing the mosquito samples were then stored in a
freezer at -20°C. After the five-day collection period, all
samples were transported by vehicle to the College of
Allied Health Sciences Laboratory at Suan Sunandha
Rajabhat University, Samut Songkhram Campus. This
study received ethical approval from the Institutional
Animal Care and Use Committee of Suan Sunandha
Rajabhat University (Ref. No. IACUC 64-002/2021).

Mosquito identification
Morphological identification

The collected mosquitoes were identified at the species
level using a Nikon SMZ 800 N stereomicroscope (Nikon
Corp., Tokyo, Japan), based on the illustrated keys for the
mosquitoes of Thailand (Rattanarithikul et al. 2005;
Rattanarithikul et al. 2006a; Rattanarithikul et al. 2006b;
Rattanarithikul et al. 2007; Rattanarithikul et al. 2010).
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Molecular identification

For identifying cryptic Anopheles species within
complexes or groups, known as primary malaria vectors,
multiplex allele-specific polymerase chain reaction (AS-
PCR) assays based on the internal transcribed spacer 2
(ITS2) region were used. The Anopheles dirus Peyton and
Harrison 1979 complex was identified following the
procedure of Walton et al. (1999), using primers specific to
A. dirus sensu stricto (s.s.), Anopheles baimaii Sallum and
Peyton 2005, Anopheles cracens Sallum and Peyton 2005,
Anopheles nemophilous Peyton and Ramalingam 1988, and
Anopheles scanloni  Sallum and Peyton 2005. The
Anopheles minimus Theobald, 1901 complex was identified
according to Garros et al. (2004), using primers specific to
A. minimus s.s. and Anopheles harrisoni Harbach and
Manguin 2007. Members of the Anopheles maculatus
Theobald 1901 group were identified using the AS-PCR
assay as outlined by Walton et al. (2007), with primers

Table 1. Meteorological data for three seasons at the study site
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specific to A. maculatus s.s., Anopheles dravidicus
Christophers 1924, Anopheles pseudowillmori Theobald
1910, Anopheles rampae Harbach and Somboon 2011, and
Anopheles sawadwongporni Rattanarithikul and Green
1987. All primer sets used are shown in Table 2. Genomic
DNA was extracted from two to six legs of primary malaria
vector samples using the FavorPrep™ Mini Kit (Favorgen
Biotech, Ping-Tung, Taiwan), following the manufacturer's
instructions. Platinum Taq DNA polymerase (Invitrogen,
Carlshad, CA, USA) was used in all multiplex PCR assays.
The amplified PCR products were subjected to
electrophoresis using 2% agarose gels, which were stained
with Midori Green DNA stain (Nippon Gene, Tokyo,
Japan). This staining facilitated the identification of
species-specific DNA bands, which were then imaged
using an ImageQuant LAS 500 imager (GE Healthcare
Japan Corp., Tokyo, Japan).

Rainy season Cool season Hot season
Mean SD Mean SD Mean SD
Rainfall (mm) 143.22 40.01 26.15 24.09 24.80 34.25
Relative humidity (%) 81.80 217 72.25 7.14 72.67 1.53
Temperature (°C) 27.98 0.73 26.05 1.10 29.93 1.33
Wind speed (knots) 1.46 1.20 3.55 0.69 3.07 0.06
Note: SD: standard deviation
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Figure 1. Map of the Huai Tha Khoei Reservoir area in Thailand, showing the designated study site within Ban Kha District,

Ratchaburi, Thailand. A. Upper area; B. Middle area; C. Lower area
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Statistical analysis

The seasonal composition, species richness, and
diversity of mosquitoes collected from the study site were
analyzed using the Paleontological Statistics (PAST)
software package, Version 4.01 (Hammer et al. 2001).
Relative abundance was calculated as the number of
specimens of a particular species divided by the total
number of specimens collected and then multiplied by 100
(Attaullah et al. 2023). Species richness is defined as the
number of mosquito species identified in each season and
across all seasons. Several diversity indices were
calculated, including the Shannon-Wiener index, Simpson's
dominance index, Margalef's species richness index, and
species evenness.

The Shannon-Wiener index, also known as the Shannon
diversity index, is calculated using the formula H' = -
2[pi(Inpi)], where pj is the proportion of all species i and 'In’
denotes the natural logarithm; p; = ni/N, with n; representing
the number of individuals of taxon i and N the total number
of individuals (Magurran 1988). Simpson's dominance index
(1-D) is estimated by 1- X(pi), where pi = ni/N. In this
index, a value of 0 signifies infinite diversity, whereas a
value of 1 indicates no diversity. As such, the larger the
value of D, the lower the diversity (Magurran 1988).
Margalef's species richness index (d) measures the total
number of species in a community and is calculated using
the formula: S-1/InN, where S is the total number of species
and N is the total number of individuals. Higher values of d
indicate greater species richness (Magurran 1988). Species
evenness, denoted as J = H'/Hmax, ranges from 0 to 1. A
value of 0 suggests minimum evenness, reflecting a
complete lack of equity among species, whereas a value of 1
denotes perfect evenness, indicating an equal distribution
of organisms across all species (Magurran 1988).

The rarefaction curve was employed to estimate species
richness and diversity from sampling results across
different seasons (Shimadzu 2018). The analysis was
performed using PAST software. Additionally, to determine
the similarity in mosquito species diversity among different
seasons, a UPGMA (Unweighted Pair Group Method with
Arithmetic Mean) tree was constructed. This was based on

Table 2. Primers for Anopheles species identification
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pairwise beta diversity calculations, which were also
performed using PAST software.

RESULTS AND DISCUSSION

Seasonal mosquito species composition and abundance

A total of 1363 mosquitoes were collected around the
Huai Tha Khoei Reservoir, representing 30 species from
five genera (Figure 2, Table 3). The five genera included in
the collection were: Armigeres with two species
(Armigeres flavus Leicester 1908 and Armigeres
subalbatus Coquillett 1898), Aedes with four species
(Aedes albopictus Skuse 1894, Aedes lineatopennis Ludlow
1905, Aedes niveus Eichwald 1837 and Aedes vexans
Meigen 1830), Anopheles with fourteen species (Anopheles
aconitus Donitz 1902, Anopheles barbirostris Wulp 1884
s.l., Anopheles crawfordi Reid 1953, Anopheles dirus
Peyton and Harrison 1979 s.s., Anopheles hyrcanus Pallas,
1771, Anopheles indefinitus Ludlow 1904, Anopheles
jeyporiensis James 1902, Anopheles karwari James 1903,
Anopheles maculatus Theobald 1901 s.s., Anopheles
minimus Theobald 1901 s.s., Anopheles nivipes Theobald
1903, Anopheles pseudojamesii Strickland and Chowdhury
1927, Anopheles sawadwongporni Rattanarithikul and
Green 1987 and Anopheles varuna lyengar 1924), Culex
with seven species (Culex bitaeniorhynchus Giles 1901,
Culex fuscocephala Theobald 1907, Culex gelidus
Theobald 1901, Culex pseudovishnui Colless 1957, Culex
tritaeniorhynchus Giles 1901, Culex vishnui Theobald
1901 and Culex whitei Barraud 1923) and Mansonia with
three species (Mansonia annulifera Theobald 1901,
Mansonia indiana Edwards 1930 and Mansonia uniformis
Theobald 1901) (Table 2). The highest proportion of
mosquitoes caught belonged to the Culex genus in all
seasons, accounting for 46.50% in the rainy season,
64.08% in the cool season, 61.28% in the hot season, and
55.54% across all seasons. In contrast, the Aedes genus had
the lowest proportion in all seasons, accounting for 2.28%
in the rainy season, 0.67% in the cool season, 1.68% in the
hot season, and 1.61% across all seasons (Figure 2).

Mosquitoes Primer name

Sequence (5’ to 3°) Size of the product (bp)

Anopheles dirus complex

A. dirus s.s./A. scanloni D-AC CAC AGC GAC TCC ACACG 562/353
A. baimaii D-D GCG CGG GACCGTCCGTT 306
A. cracens D-B CGG GAT ATG GGT CGG CC 514
A. nemophilous D-F AAC GGC GGT CCCCTT TG 223
Forward primer D-U CGC CGG GGC CGA GGT GG

Anopheles minimus complex
A. minimus s.s. MIA CCC GTG CGACTT GAC GA 310
A. harrisoni MIC GTT CAT TCAGCA ACATCAGT 180
Forward primer ITS2A TGT GAACTG CAG GAC ACAT

Anopheles maculatus group
A. maculatus s.s. MAC GAC GGT CAG TCT GGT AAAGT 180
A. dravidicus DRAV GCC TAC TTT GAG CGA GAC CA 477
A. pseudowillmori PSEU GCC CCC GGG TGT CAAACAG 203
A. rampae K TTC ATC GCT CGC CCT TAC AA 301
A. sawadwongporni SAW ACG GTC CCG CAT CAGGTG C 242
Forward primer 5.8F ATC ACT CGG CTC GTG GAT CG
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Table 3. Species composition and seasonal abundance of mosquitoes collected around the Huai Tha Khoei Reservoir, Thailand

Rainy season Cool season Hot season Overall seasons
Mosquito species Total Relative Total Relative Total Relative Total Relative
collected abundance collected abundance collected abundance collected abundance
(%) (%) (%) (%)
Armigeres (n = 89)
A. flavus 1 0.16 0 0.00 0 0.00 1 0.07
A. subalbatus 36 5.85 20 4.43 32 10.77 88 6.46
Aedes (n = 22)
A. albopictus 10 1.63 1 0.22 3 1.01 14 1.03
A. lineatopennis 0 0.00 1 0.22 0 0.00 1 0.07
A. niveus 0 0.00 0 0.00 2 0.67 2 0.15
A. vexans 4 0.65 1 0.22 0 0.00 5 0.37
Anopheles (n = 411)
A. aconitus 0 0.00 2 0.44 0 0.00 2 0.15
A. barbirostris s.I. 163 26.50 25 5.54 8 2.69 196 14.38
A. crawfordi 1 0.16 0 0.00 0 0.00 1 0.07
A. dirus s.s. 31 5.04 2 0.44 1 0.34 34 2.49
A. hyrcanus group 25 4.07 11 244 1 0.34 37 2.71
A. indefinitus 0 0.00 1 0.22 0 0.00 1 0.07
A. jeyporiensis 0 0.00 1 0.22 0 0.00 1 0.07
A. karwari 3 0.49 0 0.00 0 0.00 3 0.22
A. maculatus s.s. 2 0.33 4 0.89 1 0.34 7 0.51
A. minimus s.s. 13 211 34 7.54 17 5.72 64 4.70
A. nivipes 1 0.16 0 0.00 0 0.00 1 0.07
A. pseudojamesii 0 0.00 1 0.22 0 0.00 1 0.07
A. sawadwongporni 13 211 35 7.76 6 2.02 54 3.96
A. varuna 0 0.00 6 1.33 3 1.01 9 0.66
Culex (n=757)
C. bitaeniorhynchus 0 0.00 1 0.22 1 0.34 2 0.15
C. fuscocephala 0 0.00 1 0.22 0 0.00 1 0.07
C. gelidus 40 6.50 0 0.00 0 0.00 40 2.93
C. pseudovishnui 17 2.76 18 3.99 12 4.04 47 3.45
C. tritaeniorhynchus 180 29.27 222 49.22 136 45.79 538 39.47
C. vishnui 49 7.97 41 9.09 33 11.11 123 9.02
C. whitei 0 0.00 6 1.33 0 0.00 6 0.44
Mansonia (n = 84)
M. annulifera 12 1.95 16 3.55 41 13.80 69 5.06
M. indiana 13 211 1 0.22 0 0.00 14 1.03
M. uniformis 1 0.16 0 0.00 0 0.00 1 0.07
Total 615 100.00 451 100.00 297 100.00 1363 100.00

Percentage

Rainy season Cool season Hot season Overall seasons

|| Armigeres M s | Anopheles - Culex -J\fansoniu

Figure 2. Proportions of mosquito genera captured in each season and across all seasons, expressed as percentages. Each color
represents the number of mosquitoes from a particular genus collected during each season: grey, Armigeres; blue, Aedes; orange,
Anopheles; green, Culex; and red, Mansonia
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Across all seasons, C. tritaeniorhynchus was the most
dominant species, accounting for 39.47% (n = 538) of the
mosquitoes, followed by A. barbirostris s.I. (n = 196;
14.38%) and C. vishnui (n = 123; 9.02%; see Table 2).
When examining each season individually, the findings
were as follows: during the rainy season, C.
tritaeniorhynchus remained the most dominant at 29.27%
(n=180) of the mosquitoes, followed by A. barbirostris s.I.
(n=163; 26.50%) and C. vishnui (n=49; 7.97%); in the cool
season, the dominance of C. tritaeniorhynchus increased to
49.22% (n=222), followed by C. vishnui (n=41; 9.09%)
and An. sawadwongporni (n=35; 7.76%); and in the hot
season, C. tritaeniorhynchus again topped the list,
representing 45.79% (n = 136) of mosquitoes, followed by
M. annulifera (n=41; 13.80%) and C. vishnui (n=33;
11.11%). Of the mosquitoes found in the study area, 25 of
the 30 species were reported as vectors of human pathogens,
which constitutes 83.33%, as indicated in Table 4.
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Mosquito diversity

Diversity indices of mosquitoes around the Huai Tha
Khoei Reservoir for each season, as well as across all
seasons, are presented in Table 5. Species richness was
highest in the cool season with 23 species, followed by the
rainy season with 20 species and the hot season with 15
species. The Shannon diversity index (H') peaked during
the rainy season at 2.144, whereas the lowest value was
ohserved in the hot season at 1.788. Conversely, Simpson's
dominance index (1-D) was highest in the cool season at
0.271 and lowest in the rainy season at 0.177. Margalef's
species richness index (d) also reached its peak in the cool
season at 3.6 and was lowest in the hot season at 2.459. In
terms of species evenness, the highest value was found in
the rainy season at 0.716, with the lowest in the cool season
at 0.613.

Table 4. List of medically important mosquito species collected around the Huai Tha Khoei Reservoir, Thailand

Species

Potential vectors

Armigeres
A. flavus
A. subalbatus

Aedes
A. albopictus

A. lineatopennis
A. niveus

A. vexans

Anopheles
A. aconitus
A. barbirostris s.I.
A. crawfordi
A. dirus s.s.

A. hyrcanus group
A. indefinitus
A. jeyporiensis
A. karwari
A. maculatus s.s.
A. minimus s.s.
A. nivipes
A. pseudojamesii
A. sawadwongporni
A. varuna
Culex
C. bitaeniorhynchus
C. fuscocephala
C. gelidus
C. pseudovishnui

C. tritaeniorhynchus

C. vishnui

C. whitei
Mansonia

M. annulifera

M. indiana

M. uniformis

No report
Viruses: Japanese encephalitis (JE) virus (Liu et al. 2023) and Zika virus (Yang et al. 2022); Parasites:
zoonotic filarial nematodes and Dirofilaria immitis (Intarapuk and Bhumiratana 2021)

Viruses: dengue virus (Ahebwa et al. 2023), chikungunya virus (Vega-Rua et al. 2020), JE virus (Hernandez-
Triana et al. 2022), Rift Valley fever (RVF) virus (Brustolin et al. 2017), West Nile virus (Rothman et al.
2021), yellow fever virus (Damasceno-Caldeira et al. 2023) and Zika virus (Gomes et al. 2023)

Viruses: JE virus, RVF virus and West Nile virus (Jitpakdi et al. 2005)

Virus: dengue virus (Young et al. 2017); Parasites: lymphatic filariae Wuchereria bancrofti (Premkumar et
al. 2022)

Viruses: dengue virus (Hasty et al. 2020), chikungunya virus (Karliuk et al. 2021), RVF virus (Ndiaye et al.
2016), West Nile virus (Birnberg et al. 2019) and Zika virus (Gendernalik et al. 2017)

Parasites: malaria parasite Plasmodium spp. (Sukkanon et al. 2022)

Parasites: Plamodium spp. (Sriwichai et al. 2016) and W. bancrofti (Muturi et al. 2008)

No report

Parasites: Plasmodium spp. (Sukkanon et al. 2022), W. bancrofti (Pothikasikorn et al. 2008) and zoonotic
filarial nematodes (Siriyasatien et al. 2023)

Parasites: Plamodium spp. (Sukkanon et al. 2022) and zoonotic filarial nematodes (Siriyasatien et al. 2023)
No report

Parasite: Plamodium spp. (Chinh et al. 2019)

Parasite: Plamodium spp. (Sukkanon et al. 2022)

Parasites: W. bancrofti (Pothikasikorn et al. 2008) and Plamodium spp. (Sriwichai et al. 2016)

Parasites: W. bancrofti (Pothikasikorn et al. 2008) and Plamodium spp. (Sriwichai et al. 2016)

Parasite: Plasmodium spp. (Sukkanon et al. 2022)

No report

Parasite: Plasmodium spp. (Sukkanon et al. 2022)

Parasite: Plasmodium spp. (Sukkanon et al. 2022)

Virus: JE virus (Auerswald et al. 2021)

Viruses: JE virus (Auerswald et al. 2021)

Virus: JE virus (Auerswald et al. 2021)

Viruses: JE virus (van den Eynde et al. 2022) and West Nile virus (Khan et al. 2017)

Viruses: JE virus (Auerswald et al. 2021) and West Nile virus (Khan et al. 2017); Parasite: zoonotic filarial
nematodes (Siriyasatien et al. 2023)

Viruses: JE virus (Faizah et al. 2021) and West Nile virus (Khan et al. 2017)

No report

Parasite: lymphatic filariae Brugia malayi (Rojanapanus et al. 2019)
Parasite: B. malayi (Rojanapanus et al. 2019)
Parasitees: B. malayi (Rojanapanus et al. 2019) and W. bancrofti (Pothikasikorn et al. 2008)
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Rarefaction curve

To assess the species richness and diversity of
mosquitoes from the sampling results across different
seasons, rarefaction curves were used, as illustrated in
Figure 3. These curves demonstrate that species richness
(the total number of species) in the three seasons tended to
increase with the number of samples collected but without
reaching a detectable saturation point (Figure 3.A). This
pattern suggests that across all three seasons, the higher the
number of samples collected, the greater the number of
species discovered. Conversely, the rarefaction curves for
the Shannon diversity index (H') tended to stabilize within
specific ranges: 1.6-1.7 in the hot season, 1.7-1.8 in the
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UPGMA tree

To quantify the differences in mosquito species
diversity among the seasons, beta diversity was calculated,
as presented in Table 6. The UPGMA tree, based on beta
diversity analysis, indicates that the species diversity in the
cool season was similar to that in the hot season. Conversely,
the rainy season exhibited a diversity profile that differs
from both the cool and hot seasons (Figure 4).

Table 6. Pairwise beta diversity of mosquitoes around the Huai
Tha Khoei Reservoir in each season

cool season, and 2.0-2.1 in the rainy season. This _ Rainy season  Cool season _ Hot season
stabilization reflects the actual species diversity present in Ez'or]){sz::g?]” 0 349 0
this habitat (Figure 3.B). Hot season 0.314 0.263 0
Table 5. Diversity indices of mosquitoes in each season and Distance
across all seasons. $ & &8 g & & &g
s ¢ 8 B 8 % 8
. R Rainy  Cool Hot Overall
Diversity indices season  season  season  Seasons
Individual count 615 451 297 1363 Cool season
Species richness 20 23 15 30
Shannon diversity
index (') 2.144 1.923 1.788 2.161 Hot n
Simpson's dominance
index (1-D) 0.177 0.271 0.259 0.199
Margalef's species Rainy season
richn_ess index (d) 2.959 3.6 2.459 4.018 y
Species evenness 0.716 0613  0.660 0.635 Figure 4. UPGMA tree based on beta diversity analysis
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Figure 3. Rarefaction curves showing A. The species richness and; B. Shannon diversity index in samples collected from the Huai Tha

Khoei Reservoir across different seasons
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Discussion

Surveying the seasonal diversity of mosquitoes in
various areas is essential for the surveillance of mosquito-
borne diseases. Additionally, the information obtained from
such surveys helps to establish tailored guidelines for
mosquito vector population control specific to each area.
Thus, this study focused on examining the composition of
seasonal species and the abundance of mosquito vectors in
the Huai Tha Khoei Reservoir, Ratchaburi, Thailand. The
study area is unique, characterized by an environment that
is undergoing changes influenced by human activities.

Species composition analysis in the Huai Tha Khoei
Reservoir revealed several important mosquito vectors,
particularly those for malaria and JE. Important malaria
vectors identified include A. dirus s.s., A. maculatus s.s., A.
minimus s.s., A. pseudowillmori and A. sawadwongporni,
as confirmed by molecular methods (Tainchum et al. 2015;
Tananchai et al. 2019). These Anopheles species are
predominantly found in forest areas or forest terraces,
reflecting the abundance of natural habitats around the
reservoir and the potential malaria risk in the area. Their
breeding sites are typically located in natural water sources,
which complicates the control of their immature stages
(Tainchum et al. 2015; Tananchai et al. 2019). As a result,
effective control measures often focus on adult mosquitoes,
employing strategies such as indoor residual spraying and
the use of insecticide-treated nets (Parker et al. 2015).
Additionally, it is crucial to inform tourists about the risk
of mosquito-borne diseases in the area. Tourists should be
advised to consistently apply insect repellent in order to
prevent infections from mosquito bites. For instance,
previous studies have reported cases of Plasmodium
knowlesi infection among foreign tourists in southern
Thailand (Froeschl et al. 2018).

Significant vectors of JE, including C. pseudovishnui,
C. tritaeniorhynchus, C. vishnui, C. gelidus, and C.
fuscocephala, have been identified in the area, with C.
tritaeniorhynchus being the most prevalent (Auerswald et
al. 2021; Lessard et al. 2021). These Culex mosquitoes
typically inhabit rural areas with agricultural activities,
reflecting the landscape surrounding the reservoir, which
includes communities and agricultural land. Previous
studies have indicated that an increase in agricultural land
leads to a rise in the number of JE vectors, often breeding
in rice fields (Ha et al. 2021). Moreover, the Culex genus is
found more commonly throughout all seasons, possibly
because their breeding sites are more varied than those of
other mosquito genera, which usually prefer specific
habitats (Rattanarithikul et al. 2005). During the rainy
season, it was observed that Culex mosquitoes were less
abundant compared to other seasons. This reduction in
abundance is speculated to result from the impact of
rainstorms on their breeding grounds. For instance,
excessive rainfall can lead to flooding that washes away the
larvae from rice fields, posing a significant obstacle to their
survival (Rattanarithikul et al. 2005). However, there is a
vaccine available against JE, and its administration is
strongly recommended for individuals in high-risk areas
such as this one (Sudjaritruk et al. 2022; Srivastava et al.
2023). Consequently, it is crucial for local health
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authorities to initiate comprehensive  vaccination
campaigns for the community. Additionally, efforts should
be made to prevent Culex mosquito bites, thereby
minimizing the risk of JE transmission.

In addition to JE vectors, filariasis vectors such as M.
annulifera, M. indiana, and M. uniformis (Rojanapanus et
al. 2019), along with A. albopictus-a known vector for
chikungunya and Zika (Vega-Rua et al. 2022; Gomes et al.
2023) were detected in the area, albeit at relatively low
prevalences. Our study found a limited number of Aedes
mosquitoes, including the absence of A. aegypti, the
primary vector for dengue. This could be attributed to the
fact that the traps were set up at night, whereas Aedes
mosquitoes are predominantly active during daytime hours
(Ndenga et al. 2017). Consequently, our findings
predominantly offer insights into nocturnal mosquito
species. However, in the event of an outbreak of Aedes-
borne diseases in this or any other area, local public health
agencies should conduct surveys of mosquito vectors
during the daytime to align with the activity patterns of the
mosquitoes being monitored.

Seasonal abundance patterns of mosquito species
exhibit distinct variations, confirming that different
environmental conditions in each season significantly affect
the dynamics of mosquito populations in an area (Biteye et
al. 2018; Baril et al. 2023). These seasonal changes are
particularly notable in Anopheles mosquitoes, aligning with
previous studies that have reported their sensitivity to
environmental conditions and seasonal variability (Foley et
al. 2017). C. tritaeniorhynchus was the most common
species in all seasons and its relative abundance varied:
29.27% during the rainy season and 49.22% and 45.79% in
the cool and hot seasons, respectively. The lower number
of C. tritaeniorhynchus in the rainy season is attributed to
the significant increase of A. barbirostris s.I., which had a
relative abundance of 26.50%.

Anopheles barbirostris s.I. has been identified as a
species complex, comprising a group of closely related
species (Chaiphongpachara et al. 2022a). The Barbirostris
complex includes six sibling species: A. barbirostris s.s., A.
campestris, A. dissidens, A. saeungae, A. vanderwulpi and
A. wejchoochotei (Wilai et al. 2020). Certain species within
the Barbirostris complex have been closely associated with
the transmission of malaria, as well as filarial worms,
specifically Brugia timori and Brugia malayi (Townson et
al. 2013). Previous studies in Thailand have suggested that
the seasonal abundance of Anopheles mosquitoes may be
influenced by the availability of quality breeding sites
(Prakash et al. 1997; Rahman et al. 2002; Dev and
Manguin 2016). The prevalence of A. barbirostris s.I. in
the rainy season is possibly due to their breeding grounds,
such as paddies, fishponds, swamps and canals, which are
more abundant during this period (Rahman et al. 2002). In
contrast, during the cool and hot seasons, these breeding
grounds diminish with the lack of rain, leading to a marked
decrease in the numbers of A. barbirostris s.l. Similarly, A.
dirus s.s., the primary malaria vector, is more common in
the rainy season but rarely found in other seasons. This
prevalence is due to its breeding sites, which are typically
animal footprints or natural ground depressions that often
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contain water during the rainy season (Prakash et al. 1997).
On the other hand, A. minimus, A. sawadwongporni and A.
maculatus s.s. are less common in the rainy season but
more prevalent during the cool season. This pattern is
linked to their breeding habitats in small streams with
slow-flowing water, which are more typical in the cool
season (Dev and Manguin 2016). The fast water flow
during the rainy season and significantly reduced water
levels in the hot season render these streams unsuitable for
breeding.

A diversity index refers to the variety of different
species within an ecosystem and the relative abundance of
each species (Magurran 1988). A community exhibits high
species diversity when it consists of many species, each
with similar levels of abundance. In contrast, a community
with only a few species demonstrates low species diversity,
which can lead to instability within the ecosystem. The
diversity indices of mosquitoes in the area around the Huai
Tha Khoei Reservoir revealed a species richness of 30,
with a Shannon diversity index (H') of 2.161. This value is
classified as exhibiting moderate diversity according to the
ecological index levels defined by Hussain et al. (2012).
When comparing mosquito diversity in the Huai Tha Khoei
Reservoir area with other areas in Thailand, it was found
that the reservoir area had higher diversity than the coastal
areas in  Samut Songkhram Province (H'=0.94)
(Chaiphongpachara and Sumruayphol 2017) and higher
than both the suburban (H=1.80) and urban areas
(H'=2.00) in Nakhon Nayok Province (Thongsripong et al.
2013). However, the diversity index in this study area is
lower than in areas with forest environments, such as Doi
Inthanon National Park in Chiang Mai Province (H=3.81)
and rural areas in Nakhon Nayok Province (H'=2.30)
(Srisuka et al. 2022). Furthermore, compared to other countries
in Asia, our study reveals a higher species diversity index
than those reported in India (Singh et al. 2019;
Radhakrishnan et al. 2019; Singh et al. 2020) and the Koh
Kong mangrove forests in Cambodia (Maquart et al. 2022).

When comparing the diversity indices of mosquitoes
across different seasons, it was found that the cool season
exhibited the highest species richness and Margalef's
species richness index values. This trend is attributed to the
characteristics of the rainy season: although rainwater
creates more breeding grounds, it is often accompanied by
strong natural streams. In contrast, during the cool season,
the intensity of stream flows and the impact of storms
typically decrease, leading to an increase in some mosquito
species. In addition, one previous study reported that flash
flooding affects the mosquito population due to the effect
of removing mosquito food resources, leading to a
significant reduction in mosquito egg laying (Duchet et al.
2017). Meanwhile, the hot season had the lowest species
richness, possibly because of the limited breeding sites due
to water scarcity. However, rarefaction curve analysis
shows that there is no end point for mosquito species found
in the area in all three seasons because the area may
contain species that we were not able to collect. This is
consistent with a previous study that examined zoonotic
malaria infection in Anopheles mosquitoes and found some
mosquito species, including A. subpictus, that were not
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found in this study (Nguyen et al. 2023). Therefore,
relevant agencies should conduct additional surveys to
report some mosquito species that have not been reported
this time.

Although the highest species richness was observed in
the cold season, the greatest species diversity was observed
in the rainy season. This difference is due to differences in
analytical approaches. Species richness refers to the
number of different species present in a study area, whereas
the species diversity index considers both the richness and
the evenness of mosquito species (Magurran 1988). The
highest species evenness was observed in the rainy season
compared to the other seasons, leading to greater diversity
despite potentially lower richness. While high rainfall and
strong currents in streams can negatively affect many
stream-dwelling mosquito species, certain species, such as
A. barbirostris s.l., A. dirus s.s. and A. karwari derive
benefits from the presence of rain. These species have
breeding sites in puddles on the surface of the soil. This is
consistent with the results of the UPGMA tree based on
beta diversity, indicating that the diversity of mosquitoes in
the rainy season was different from the other seasons. In
addition, rarefaction curve analysis revealed that the
mosquito diversity indexes for each season accurately
represent the true species diversity of mosquitoes around
the Huai Tha Khoei Reservoir. This is evidenced by the
fact that the curves show no increase, indicating an end
point. The results of this study indicate that rainfall is the
most significant factor influencing mosquito diversity. This
finding aligns with previous studies that have recognized
rainfall as an important determinant of mosquito population
diversity across different countries, such as Qatar (Tahir et
al. 2023), Costa Rica (Romero-Vega et al. 2023), Estonia
(Kirik et al. 2021), India (Prasad et al. 2021) and Spain
(Roiz et al. 2014).

In conclusion, surveying the seasonal diversity of
mosquitoes in various areas is crucial for monitoring
mosquito-borne diseases. The information obtained from
this study aids in establishing tailored guidelines for
controlling mosquito vector populations in the area.
However, the study's scope was limited by the brief data
collection period, hindering our ability to explore
correlations between mosquito diversity and environmental
factors comprehensively. Future research should extend the
duration and increase the frequency of monitoring to better
assess the effects of environmental changes on mosquito
populations in the region.

ACKNOWLEDGEMENTS
This work was supported by the Suan Sunandha,

Rajabhat University, Thailand.

REFERENCES

Abdulloh A, Laojun S, Wichit S, Saba Villarroel PM, Chaiphongpachara
T. 2024. Environmental dynamics and seasonal wing physiological
changes of coastal mosquito vectors (Diptera: Culicidae) in Central



CHAIPHONGPACHAR & LAOJUNA - Species diversity of mosquitoes in Huai Tha Khoei Reservoir, Thailand

Thailand. J Asia Pac Entomol 27:
10.1016/j.aspen.2024.102228.

Agboli E, Zahouli JBZ, Badolo A, Jost H. 2021. Mosquito-associated
viruses and their related mosquitoes in West Africa. Viruses 13 (5):
891. DOI: 10.3390/v13050891.

Ahebwa A, Hii J, Neoh KB, Chareonviriyaphap T. 2023. Aedes aegypti
and Ae. albopictus (Diptera: Culicidae) ecology, biology, behaviour,
and implications on arbovirus transmission in Thailand: Review. One
Health 16: 100555. DOI: 10.1016/j.0nehlt.2023.100555.

Amicizia D, Zangrillo F, Lai PL, lovine M, Panatto D. 2018. Overview of
Japanese encephalitis disease and its prevention. Focus on IC51
vaccine (IXIARO®). J Prev Med Hyg 59: 99-107. DOI:
10.15167/2421-4248/jpmh2018.59.1.962.

Attaullah M, Gul S, Bibi D, Andaleeb A, Ilahi I, Siraj M, Ahmad M, Ullah
I, Ali M, Ahmad S, Ullah Z. 2023. Diversity, distribution and relative
abundance of the mosquito fauna (Diptera: Culicidae) of Malakand
and Dir Lower, Pakistan. Braz J Biol 83: €247374. DOI:
10.1590/1519-6984.247374.

Auerswald H, Maquart PO, Chevalier V, Boyer S. 2021. Mosquito vector
competence for Japanese encephalitis virus. Viruses 13: 1154. DOI:
10.3390/v13061154.

Baril C, Pilling BG, Mikkelsen MJ, Sparrow JM, Duncan CAM, Koloski
CW, LaZerte SE, Cassone BJ. 2023. The influence of weather on the
population dynamics of common mosquito vector species in the
Canadian Prairies. Parasites Vectors 16: 153. DOI: 10.1186/ s13071-
023-05760-x.

Birnberg L, Talavera S, Aranda C, NGfiez Al, Napp S, Busquets N. 2019.
Field-captured Aedes vexans (Meigen, 1830) is a competent vector for
Rift Valley fever phlebovirus in Europe. Parasites Vectors 12: 484.
DOI: 10.1186/s13071-019-3728-9.

Biteye B, Fall AG, Ciss M, Seck MT, Apolloni A, Fall M, Tran A,
Gimonneau G. 2018. Ecological distribution and population dynamics
of Rift Valley fever virus mosquito vectors (Diptera, Culicidae) in
Senegal. Parasites Vectors 11: 27. DOI: 10.1186/ s13071-017-2591-9.

Bizhani N, Hashemi Hafshejani S, Mohammadi N, Rezaei M, Rokni MB.
2021. Lymphatic filariasis in Asia: A systematic review and meta-
analysis. Parasitol Res 120: 411-422. DOI: 10.1007/s00436-020-
06991-y.

Breedlove B. 2022. Deadly, dangerous, and decorative creatures. Emerg
Infect Dis 28: 495-496. DOI: 10.3201/eid2802.AC2802.

Brustolin M, Talavera S, NuNez A, Santamaria C, Rivas R, Pujol N, Valle
M, VerdUn M, Brun A, PagEs N, Busquets N. 2017. Rift Valley fever
virus and European mosquitoes: Vector competence of Culex pipiens
and Stegomyia albopicta (= Aedes albopictus). Med Vet Entomol 31:
365-372. DOI: 10.1111/mve.12254.

Bureau of Epidemiology. 2023. Annual Report. http://doe.moph.go.th
/surdata/index.php. [Thai]

Caminade C, Mclntyre KM, Jones AE. 2019. Impact of recent and future
climate change on vector-borne diseases. Ann N Y Acad Sci 1436:
157-173. DOI: 10.1111 /nyas.13950.

Chaiphongpachara T, Changbunjong T, Laojun S, Nutepsu T,
Suwandittakul N, Kuntawong K, Sumruayphol S, Ruangsittichai J.
2022b. Mitochondrial DNA barcoding of mosquito species (Diptera:
Culicidae) in Thailand. PLoS One 17: e0275090. DOI:
10.1371/journal. pone.0275090.eCollection2022.

Chaiphongpachara T, Changbunjong T, Laojun S. 2022a. Geometric
morphometric and molecular techniques for discriminating among
three cryptic species of the Anopheles barbirostris complex (Diptera:
Culicidae) in Thailand. Heliyon 8: €11261. DOI: 10.1016/j.heliyon.
2022.e11261.

Chaiphongpachara T, Sumruayphol S. 2017. Species diversity and
distribution of mosquito vectors in coastal habitats of Samut
Songkhram Province, Thailand. Trop Biomed 34: 524-532.

Chala B, Hamde F. 2021. Emerging and re-emerging vector-borne
infectious diseases and the challenges for control: A review. Front
Publ Health 9: 715759. DOI: 10.3389/fpubh. 2021.715759.

Chinh VD, Masuda G, Hung VV, Takagi H, Kawai S, Annoura T, Maeno
Y. 2019. Prevalence of human and non-human primate Plasmodium
parasites in anopheline mosquitoes: A cross-sectional epidemiological
study in Southern Vietnam. Trop Med Health 47: 1-6. DOI:
10.1186/s41182-019-0139-8.

Damasceno-Caldeira R, Nunes-Neto JP, Aragdo CF, Freitas MNO,
Ferreira MS, Castro PHG de, Dias DD, Araujo PA da S, Brandédo
RCF, Nunes BTD, Silva EVP da, Martins LC, Vasconcelos PF da C,
Cruz ACR. 2023. Vector competence of Aedes albopictus for yellow

102228. DOI:

1273

fever virus: Risk of reemergence of urban yellow fever in Brazil.
Viruses 15: 1019. DOI: 10.3390/v15041019.

Dev V, Manguin S. 2016. Biology, distribution and control of Anopheles
(Cellia) minimus in the context of malaria transmission in
northeastern India. Parasites Vectors 9: 585. DOI: 10.1186/s13071-
016-1878-6.

Duchet C, Moraru GM, Segev O, Spencer M, Gershberg Hayoon A,
Blaustein L. 2017. Effects of flash flooding on mosquito and
community dynamics in experimental pools. J Vector Ecol 42: 254-
263. DOI: 10.1111/jvec.12265.

Eekhout JPC, Boix-Fayos C, Pérez-Cutillas P, de Vente J. 2020. The
impact of reservoir construction and changes in land use and climate
on ecosystem services in a large Mediterranean catchment. J Hydrol
590: 125208. DOI: 10.1016/j.jhydrol.2020.125208.

Faizah AN, Kobayashi D, Maekawa Y, Amoa-Bosompem M, Fauziyah S,
Mulyatno KC, Subekti, S, Rohmah EA, Lusida MI, Mori Y, Miura K,
Hirayama K, Isawa H, Sawabe K. 2021. Identification and isolation of
Japanese encephalitis virus genotype IV from Culex vishnui collected
in Bali, Indonesia in 2019. Am J Trop Med Hyg 105: 813-817. DOI:
10.4269/ ajtmh.20-1554.

Foley DH, Klein TA, Kim HC, Kim MS, Wilkerson RC, Li C, Harrison
G, Rueda LM. 2017. Seasonal dynamics of Anopheles species at three
locations in the Republic of Korea. J Vector Ecol 42: 335-348. DOI:
10.1111/jvec.12274.

Froeschl G, Nothdurft HD, von Sonnenburg F, Bretzel G, Polanetz R,
Kroidl I, Seilmaier M, Orth HM, Jordan S, Kremsner P, Vygen-
Bonnet S, Pritsch M, Hoelscher M, Rothe C. 2018. Retrospective
clinical case series study in 2017 identifies Plasmodium knowlesi as
most frequent Plasmodium species in returning travellers from
Thailand to Germany. Eurosurveillance 23: 1700619. DOI:
10.2807/1560-7917.ES.2018.23.29.1700619.

Garros C, Koekemoer LL, Coetzee M, Coosemans M, Manguin S. 2004.
A single multiplex assay to identify major malaria vectors within the
African Anopheles funestus and the oriental An. minimus groups. Am
J Trop Med Hyg 70: 583-590. DOI: 10.4269/ ajtmh.2004.70.583.

Gendernalik A, Weger-Lucarelli J, Garcia Luna SM, Fauver JR, Riickert
C, Murrieta RA, Bergren N, Samaras D, Nguyen C, Kading RC, Ebel
GD. 2017. American Aedes vexans mosquitoes are competent vectors
of Zika Virus. Am J Trop Med Hyg 96: 1338-1340. DOI: 10.4269/
ajtmh.16-0963.

Gomes EO, Sacchetto L, Teixeira M, Chaves BA, Hendy A, Mendonga C,
Guimardes I, Linhares R, Brito D, Valério D, Cordeiro JSM, Neto
AVS, Sampaio VS, Scarpassa VM, Buenemann M, Vasilakis N, Baia-
da-Silva DC, Nogueira ML, Mourdo MPG, Lacerda MVG. 2023.
Detection of Zika virus in Aedes aegypti and Aedes albopictus
mosquitoes collected in urban forest fragments in the Brazilian
Amazon. Viruses 15: 1356. DOI: 10.3390/ v15061356.

Ha TV, Kim W, Nguyen-Tien T, Lindahl J, Nguyen-Viet H, Thi NQ,
Nguyen H Van, Unger F, Lee HS. 2021. Spatial distribution of Culex
mosquito abundance and associated risk factors in Hanoi, Vietnam.
PL0S Neglected Trop Dis 15: e0009497. DOI: 10.1371/journal.pntd.
0009497.

Hammer @, Harper DAT, Ryan PD. 2001. PAST: Paleontological
statistics software package for education and data analysis. Palaeontol
Electron 4 (1): 1.

Harbach RE. 2023. Mosquito taxonomic inventory. mosq taxon invent
valid species list. https://mosquito-taxonomic-
inventory.myspecies.info/

Hasty JM, Felix GE, Amador M, Barrera R, Santiago GS, Nakasone L,
Park SY, Okoji S, Honda E, Asuncion B, Save M, Munoz-Jordan JL,
Martinez-Conde S, Medina FA, Waterman SH, Petersen LR, Johnston
DI, Hemme RR. 2020. Entomological investigation detects dengue
virus type 1 in Aedes (Stegomyia) albopictus (Skuse) during the 2015-
16 Outbreak in Hawaii. Am J Trop Med Hyg 102: 869-875. DOI:
10.4269/ajtmh.19-0732.

Hernandez-Triana LM, Folly AJ, Sewgobind S, Lean FZX, Ackroyd S,
Nufiez A, Delacour S, Drago A, Visentin P, Mansfield KL, Johnson
N, 2022. Susceptibility of Aedes albopictus and Culex
quinquefasciatus to Japanese encephalitis virus. Parasit Vectors 15:
210. DOI: 10.1186/s13071-022-05329-0.

Hussain NA, Ali AH, Lazem LF. 2012. Ecological indices of key
biological groups in Southern Iragi marshland during 2005-2007.
Mesopotamian J  Mar Sci  27: 112-125. DOIl: 10.58
629/mjms.v27i2.162.

Intarapuk A, Bhumiratana A. 2021. Investigation of Armigeres
subalbatus, a vector of zoonotic Brugia pahangi filariasis in



1274

plantation areas in Suratthani, Southern Thailand. One Health 13:
100261. DOI: 10.1016/j.0onehlt.2021.100261.

Jitpakdi A, Junkum A, Pitasawat B, Komalamisra N, Rattanachanpichai E,
Chaithong U, Tippawangkosol P, Sukontason K, Puangmalee N,
Choochote W. 2005. Laboratory colonization of Aedes lineatopennis.
Southeast Asian J Trop Med Publ Health 36: 158-166.

Kabore DPA, Soma Diloma D, Gil P, Kientega M, Sawadogo SP,
Ouédraogo GA, Perre P, Baldet T, Gutierrez S, Dabiré RK. 2023.
Mosquito (Diptera: Culicidae) communities in contrasting areas from
the Western Regions of Burkina Faso: Species diversity, abundance
and implication in pathogen transmission. Parasites Vectors 16: 438.
DOI: 10.1186/513071-023-06050-2.

Karliuk Y, Hemdt AV, Wieseler J, Pfeffer M, Kimmerer BM. 2021.
Characterization and vector competence studies of chikungunya virus
lacking repetitive motifs in the 3’ untranslated region of the genome.
Viruses 13: 403. DOI: 10.3390/v13030403.

Khan SA, Chowdhury P, Choudhury P, Dutta P. 2017. Detection of West
Nile virus in six mosquito species in synchrony with seroconversion
among sentinel chickens in India. Parasites Vectors 10: 13. DOI:
10.1186/s13071-016-1948-9.

Kirik H, Burtin V, Tummeleht L, Kurina O. 2021. Friends in all the green
spaces: Weather dependent changes in urban mosquito (Diptera:
Culicidae) abundance and diversity. Insects 12: 352. DOI:
10.3390/insects12040352.

Kolimenakis A, Heinz S, Wilson ML, Winkler V, Yakob L, Michaelakis
A, Papachristos D, Richardson C, Horstick O. 2021. The role of
urbanisation in the spread of Aedes mosquitoes and the diseases they
transmit—a systematic review. PLoS Neglected Trop Dis 15:
€0009631. DOI: 10.1371/journal.pntd.0009631.

Laojun S, Changbunjong T, Sumruayphol S, Chaiphongpachara T. 2024.
Outline-based geometric morphometrics: Wing cell differences for
mosquito vector classification in the Tanaosri mountain range,
Thailand. Acta Trop 250: 107093. DOI: 10.1016/j.actatropica.2023.
107093.

Lessard BD, Kurucz N, Rodriguez J, Carter J, Hardy CM. 2021. Detection
of the Japanese encephalitis vector mosquito Culex tritaeniorhynchus
in Australia using molecular diagnostics and morphology. Parasites
Vectors 14: 411. DOI: 10.1186/s13071-021-04911-2.

Liu WT, Chen YJ, Chen CC, Liao KM, Tzeng HY, Tu WC. 2023. Impact
of temperature on infection with Japanese encephalitis virus of three
potential urban vectors in Taiwan; Aedes albopictus, Armigeres
subalbatus, and Culex quinquefasciatus. Acta Trop 237: 106726.
DOI: 10.1016/j.actatropica.2022.106726.

Magurran AE. 1988. Ecological diversity and its measurement, ecological
diversity and its measurement. Springer Science & Business Media,
United Kingdom. DOI: 10.1007/978-94-015-7358-0.

Maquart PO, Sokha C, Boyer S. 2022. Mosquito (Diptera: Culicidae)
diversity and medical importance in Koh Kong mangrove forests,
Cambodia. Asian Biomed (Res Rev News) 16: 121-129. DOI:
10.2478/abm-2022-0015.

Muturi EJ, Jacob BG, Kim CH, Mbogo CM, Novak RJ. 2008. Are
coinfections of malaria and filariasis of any epidemiological
significance? Parasitol Res 102: 175-181. DOI: 10.1007/ s00436-007-
0779-1.

Ndenga BA, Mutuku FM, Ngugi HN, Mbakaya JO, Aswani P, Nusunzaji
PS, Vulule J, Kitron U, LaBeaud AD. 2017. Characteristics of Aedes
aegypti adult mosquitoes in rural and urban areas of western and
coastal Kenya. PloS one 12 (12): e0189971. DOIl:
10.1371/journal.pone.0189971.

Ndiaye EH, Fall G, Gaye A, Bob NS, Talla C, Diagne CT, Diallo D,
Yamar BA, Dia I, Kohl A, Sall AAA, Diallo M. 2016. Vector
competence of Aedes vexans (Meigen), Culex poicilipes (Theobald)
and Cx. quinquefasciatus Say from Senegal for West and East African
lineages of Rift Valley fever virus. Parasites Vectors 9: 94. DOI:
10.1186/513071-016-1383-y.

Nguyen AHL, Pattaradilokrat S, Kaewlamun W, Kaneko O, Asada M,
Kaewthamasorn M. 2023. Myzomyia and Pyretophorus series of
Anopheles mosquitoes acting as probable vectors of the goat malaria
parasite Plasmodium caprae in Thailand. Sci Rep 13: 145. DOI:
10.1038/ s41598-022-26833-4.

Parker DM, Carrara VI, Pukrittayakamee S, McGready R, Nosten FH.
2015. Malaria ecology along the Thailand-Myanmar border. Malaria J
14: 388. DOI: 10.1186/ s12936-015-0921-y.

Pothikasikorn J, Bangs MJ, Boonplueang R, Chareonviriyaphap T. 2008.
Susceptibility of various mosquitoes of Thailand to nocturnal

BIODIVERSITAS 25 (3): 1264-1275, March 2024

subperiodic Wuchereria bancrofti. J Vector Ecol 33: 313-320. DOI:
10.3376/1081-1710-33.2.313.

Prakash A, Bhattacharyya DR, Mohapatra PK, Mahanta J. 1997. Breeding
and day resting habitats of Anopheles dirus in Assam, India.
Southeast Asian J Trop Med Publ Health 28: 610-614.

Prasad Kl, Govindarajan R, Sreepada K. 2021. Seasonal diversity of
mosquito species in Dakshina Kannada District, Karnataka, India. J
Vector Borne Dis 58: 119-125. DOI: 10. 4103/0972-9062.321758.

Premkumar A, Shriram AN, Krishnamoorthy K, Subramanian S, Vasuki
V, Vijayachari P, Jambulingam P. 2020. Molecular xenomonitoring
of diurnally subperiodic Wuchereria bancrofti infection in Aedes
(Downsiomyia) niveus (ludlow, 1903) after nine rounds of mass drug
administration in nancowry lIslands, Andaman and Nicobar islands,
India. PLoS  Neglected Trop Dis 14: 1-17. DOI:
10.1371/journal.pntd.0008763.

Radhakrishnan A. 2019. Study on mosquito (Diptera: Culicidae) diversity
in Ernakulam district of the Kerala state, South India. Intl J Mosqg Res
6: 1-5.

Rahman WA, Adanan CR, Hassan AA. 2002. Species composition of
adult Anopheles populations and their breeding habitats in Hulu Perak
district, Peninsular Malaysia. Southeast Asian J Trop Med Publ
Health 33: 547-550.

Rakotonirina A, Maquart PO, Flamand C, Sokha C, Boyer S. 2023.
Mosquito diversity (Diptera: Culicidae) and medical importance in
four Cambodian forests. Parasites Vectors 16: 110. DOI:
10.1186/513071-023-05729-w.

Rattanarithikul R, Harbach RE, Harrison BA, Panthusiri P, Coleman RE.
2007. llustrated keys to the mosquitoes of Thailand V. Genera
Orthopodomyia, Kimia, Malaya, Topomyia, Tripteroides, and
Toxorhynchites. Southeast Asian J Trop Med Public Health 38: 1-65.

Rattanarithikul R, Harbach RE, Harrison BA, Panthusiri P, Coleman RE,
Richardson JH. 2010. lllustrated keys to the mosquitoes of Thailand.
VI. Tribe Aedini. Southeast Asian J Trop Med Public Health 41: 1-
225.DOI: 10.1186/1756-3305-3-5.

Rattanarithikul R, Harbach RE, Harrison BA, Panthusiri P, Jones JW,
Coleman RE. 2005. Illustrated keys to the mosquitoes of Thailand. II.
Genera Culex and Lutzia. Southeast Asian J Trop Med Public Health
36:1-97.

Rattanarithikul R, Harrison BA, Harbach RE, Panthusiri P, Coleman RE.
2006a. Illustrated keys to the mosquitoes of Thailand 1V. Anopheles.
Southeast Asian J Trop Med Public Health 37: 1-128. DOI:
10.1088/0004-637X/709/2/937.

Rattanarithikul R, Harrison BA, Panthusiri P, Peyton EL, Coleman RE.
2006b. Illustrated keys to the mosquitoes of Thailand: Ill. Genera
Aedeomyia, Ficalbia, Mimomyia, Hodgesia, Coquillettidia,
Mansonia, and Uranotaenia. Southeast Asian J Trop Med Public
Health 37: 1-85.

Roiz D, Ruiz S, Soriguer R, Figuerola J. 2014. Climatic effects on
mosquito abundance in Mediterranean wetlands. Parasites Vectors 7:
333.DOI: 10.1186/1756-3305-7-333.

Rojanapanus S, Toothong T, Boondej P, Thammapalo S, Khuanyoung N,
Santabutr W, Prempree P, Gopinath D, Ramaiah KD. 2019. How
Thailand eliminated lymphatic filariasis as a public health problem.
Infect Dis Poverty 8: 1-15. DOI: 10.1186/s40249-019-0549-1

Romero-Vega LM, Piche-Ovares M, Soto-Garita C, Barantes Murillo DF,
Chaverri LG, Alfaro-Alarcén A, Corrales-Aguilar E, Troyo A. 2023.
Seasonal changes in the diversity, host preferences and infectivity of
mosquitoes in two arbovirus-endemic regions of Costa Rica. Parasites
Vectors 16: 34. DOI: 10.1186/s13071-022-05579-y.

Rothman SE, Jones JA, Ladeau SL, Leisnham PT. 2021. Higher West
Nile virus infection in Aedes albopictus (Diptera: Culicidae) and
Culex (Diptera: Culicidae) mosquitoes from lower income
neighborhoods in urban Baltimore, MD. J Med Entomol 58: 1424-
1428. DOI: 10.1093/jme/tjaa262.

Shimadzu H. 2018. On species richness and rarefaction: size- and
coverage-based techniques quantify different characteristics of
richness change in biodiversity. J Math Biol 77: 1363-1381. DOI:
10.1007/500285-018-1255-5.

Singh B, Baruah C, Saikia D, Gurung J. 2020. Species composition of
mosquito breeding in bamboo stumps in Sikkim, India. J Vector
Borne Dis 57: 96-100. DOI: 10.4103/0972-9062.308808.

Singh B, Gurung J, Chakraborty A. 2019. Study of the mosquito larval
diversity in artificial breeding sites of Gangtok, Sikkim. Intl J Mosq
Res 6: 27-31.

Siriyasatien P, Intayot P, Sawaswong V, Preativatanyou K,
Wacharapluesadee S, Boonserm R, Sor-suwan S, Ayuyoe P, Cantos-


https://doi.org/10.1371/journal.pone.0189971

CHAIPHONGPACHAR & LAOJUNA - Species diversity of mosquitoes in Huai Tha Khoei Reservoir, Thailand

Barreda A, Phumee A. 2023. Description of potential vectors of
zoonotic filarial nematodes, Brugia pahangi, Setaria digitata, and
Setaria labiatopapillosa in Thai mosquitoes. Heliyon 9: e13255. DOI:
10.1016/j.heliyon. 2023.613255.

Srisuka W, Sulin C, Sommitr W, Rattanarithikul R, Aupalee K. 2022.
Mosquito (Diptera: Culicidae) diversity and community structure in
Doi Inthanon National Park, Northern Thailand. Insects 13: 814. DOI:
10.3390/insects13090814.

Srivastava KS, Jeswani V, Pal N, Bohra B, Vishwakarma V, Bapat AA,
Patnaik YP, Khanna N, Shukla R. 2023. Japanese encephalitis virus:
An update on the potential antivirals and vaccines. Vaccines 11: 742.
DOI: 10.3390/vaccines11040742.

Sriwichai P, Samung Y, Sumruayphol S, Kiattibutr K, Kumpitak C,
Payakkapol A, Kaewkungwal J, Yan G, Cui L, Sattabongkot J. 2016.
Natural human Plasmodium infections in major Anopheles
mosquitoes in western Thailand. Parasites Vectors 9: 17. DOI:
10.1186/s13071-016-1295-x.

Sudjaritruk T, Kaewpoowat Q, Prasarakee C, Sarachai S, Taurel AF,
Sricharoen N, Assawawongprom P, Saheng J, Harris R, Nealon J,
Yoksan S. 2022. Seroepidemiological study of Japanese encephalitis
virus in Chiang Mai: Immunity and susceptibility 28 years after
introduction of a vaccination programme. PLoS Neglected Trop Dis
16: €0010674. DOI: 10.1371/journal.pntd.0010674.

Sukkanon C, Masangkay FR, Mala W, Kotepui KU, Wilairatana P,
Chareonviriyaphap T, Kotepui M. 2022. Prevalence of Plasmodium
spp. in Anopheles mosquitoes in Thailand: A systematic review and
meta-analysis. Parasites Vectors 15: 285. DOI: 10.1186/s13071-022-
05397-2.

Tahir F, Bansal D, Rehman AU, Ajjur SB, Skariah S, Belhaouari SB, Al-
Romaihi H, Al-Thani MHJ, Farag E, Sultan AA, Al-Ghamdi SG.
2023. Assessing the impact of climate conditions on the distribution
of mosquito species in Qatar. Front Publ Health 10: 970694. DOI:
10.3389/fpubh.2022.970694.

Tainchum K, Kongmee M, Manguin S, Bangs MJ, Chareonviriyaphap T.
2015. Anopheles species diversity and distribution of the malaria
vectors of Thailand. Trends Parasitol 31: 109-119. DOI:
10.1016/j.pt.2015.01.004.

Tananchai C, Manguin S, Bangs MJ, Chareonviriyaphap T. 2019. Malaria
vectors and species complexes in Thailand: Implications for vector
control. Trends Parasitol 35: 544-558. DOI: 10.1016/j.pt.2019.04.013.

Thongsripong P, Green A, Kittayapong P, Kapan D, Wilcox B, Bennett S.
2013. Mosquito vector diversity across habitats in central Thailand
endemic for dengue and other arthropod-borne diseases. PL0S
Neglected Trop Dis 7: €2507. DOI: 10.1371/journal.pntd.0002507.

Townson H, Dyer N, Mcalister E, Satoto TBT, Bangs MJ, Harbach RE.
2013. Systematics of Anopheles barbirostris van der Wulp and a
sibling species of the Barbirostris Complex (Diptera: Culicidae) in
eastern Java, Indonesia. Syst Entomol 38 (1): 180-191. DOI:
10.1111/j.1365-3113.2012.00653.x.

van den Eynde C, Sohier C, Matthijs S, De Regge N. 2022. Japanese
encephalitis virus interaction with mosquitoes: A review of vector

1275

competence, vector capacity and mosquito immunity. Pathogens 11:
317. DOI: 10.3390/pathogens11030317.

Vega-Rua A, Marconcini M, Madec Y, Manni M, Carraretto D, Gomulski
LM, Gasperi G, Failloux AB, Malacrida AR. 2020. Vector
competence of Aedes albopictus populations for chikungunya virus is
shaped by their demographic history. Commun Biol 3 (1): 326. DOI:
10.1038/542003-020-1046-6.

Walton C, Handley JM, Kuvangkadilok C, Collins FH, Harbach RE,
Baimai V, Butlin RK. 1999. Identification of five species of the
Anopheles dirus complex from Thailand, using allele-specific
polymerase chain reaction. Med Vet Entomol 13: 24-32. DOI:
10.1046/j.1365-2915.1999.00142.x.

Walton C, Somboon P, O’Loughlin SM, Zhang S, Harbach RE, Linton
YM, Chen B, Nolan K, Duong S, Fong MY, Vythilingum I,
Mohammed ZD, Trung HD, Butlin RK. 2007. Genetic diversity and
molecular identification of mosquito species in the Anopheles
maculatus group using the ITS2 region of rDNA. Infect Genet Evol 7:
93-102. DOI: 10.1016/ j.meegid.2006.05.001.

Wang T, Fan Z W, Ji Y, Chen JJ, Zhao GP, Zhang WH, Zhang HY, Jiang
BG, Xu Q, Lv CL, Zhang XA, Li H, Yang Y, Fang LQ, Liu W. 2022.
Mapping the distributions of mosquitoes and mosquito-borne
arboviruses in China. Viruses 14 (4): 691. DOI: 10.3390/v14040691.

Wilai P, Namgay R, Ali RSM, Saingamsook J, Saeung A, Junkum A,
Walton C, Harbach RE, Somboon P. 2020. A multiplex PCR based on
mitochondrial COI sequences for identification of members of the
Anopheles barbirostris complex (Diptera: Culicidae) in Thailand and
other countries in the region. Insects 11: 409. DOI:
10.3390/insects11070409.

Wilke ABB, Vasquez C, Carvajal A, Moreno M, Fuller DO, Cardenas G,
Petrie WD, Beier JC. 2021. Urbanization favors the proliferation of
Aedes aegypti and Culex quinquefasciatus in urban areas of Miami-
Dade County, Florida. Sci Rep 11: 22989. DOI: 10.1038/s41598-021-
02061-0.

World Health Organization. 2023. WHO, Malaria: WHO International
media factsheet. https://www.who.int/news-room/fact-
sheets/detail/malaria

World Health Organization. 2022. WHO, Chikungunya: WHO
International media factsheet. https://www.who.int/news-room/fact-
sheets/detail/chikungunya

Yang W, Zhao S, Xie Y, Liu T, Kong L, Guo Y, Xie Z, Liu P, Chen XG.
2022. Armigeres subalbatus is a potential vector for Zika virus but
not dengue virus. Infect Dis Poverty 11: 62. DOI: 10.1186/s40249-
022-00990-0.

Young KI, Mundis S, Widen SG, Wood TG, Tesh RB, Cardosa J,
Vasilakis N, Perera D, Hanley KA. 2017. Abundance and distribution
of sylvatic dengue virus vectors in three different land cover types in
Sarawak, Malaysian Borneo. Parasites Vectors 10: 406. DOI:
10.1186/ s13071-017-2341-z.

Zhao Y, Liu S, Shi H. 2021. Impacts of dams and reservoirs on local
climate change: A global perspective. Environ Res Lett 16: 104043.
DOI: 10.1088/1748-9326/ac263c.



