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Abstract. Three taxonomic groups of Anopheles larvae were morphologically 
identified within the Funestus Group (Minimus Subgroup and Aconitus Sub-
group) (75.63%), Maculatus Group (20.47%), and Barbirostris Group (0.57%) 
during a two-year period in conjunction with active malaria transmission in a 
village near the Thai-Myanmar border in Kanchanaburi Province, western Thai-
land.  The remaining 3.33% of anophelines collected were Anopheles culicifacies 
(3.07%), Anopheles philippinensis (0.17%), and Anopheles vagus (0.09%).  Using an 
allele-specific multiplex molecular identification assay, the Minimus Subgroup 
consisted of Anopheles minimus (69.83%), and Anopheles harrisoni (0.06%) and 2 
genetically-related species belonging to the Aconitus Subgroup, Anopheles aconi-
tus (0.63%) and Anopheles varuna (5.12%).  The Minimus and Aconitus Subgroup 
species were more abundant during the dry season (52.58%) than during the hot 
(24.95%) and wet (22.46%) seasons. The number of Anopheles larvae collected from 
the stream habitat was significantly higher during the second year than the first 
year, believed to be due to human environmental changes in the stream habitat 
from the building of a small check dam, which provided a more suitable and stable 
habitat for mosquito larval development.  This study illustrates the importance 
of conducting site-specific studies to accurately determine vector bionomics (eg, 
larval habitats) and adult activity patterns and linking observations with malaria 
transmission dynamics in a given area.

Keywords: Anopheles, seasonal abundance, Minimus Complex species, larval 
abundance, Thailand

INTRODUCTION

Malaria is one of the most important 
mosquito-borne infectious diseases in 
tropical and sub-tropical climes (WHO, 
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2010). In Thailand, malaria is prevalent 
in forest and hilly areas, especially along 
the Thai-Myanmar border where species 
in the Anopheles minimus complex are com-
mon and comprise the most important 
malaria vectors in Thailand (MOPH, 2010) 
and elsewhere in the Asian region (Li  
et al, 1999; Dev et al, 2001).

The Anopheles minimus complex spe-
cies belongs to the Minimus Subgroup 
within the larger Funestus Group (Har-
bach, 2004; Garros et al, 2006).  The Mini-
mus Complex consists of 3 genetically 
closely related species: Anopheles minimus 
Theobald, Anopheles harrisoni Harbach 
and Manguin, and Anopheles yaeyamaensis 
Somboon and Harbach (Green et al, 1990; 
Somboon et al, 2001; Harbach, 2004).  
Anopheles minimus (former species A) is 
widely distributed in the Oriental Region, 
whereas An. harrisoni (former species 
C) appears geographically restricted to 
southern China (Chen et al, 2002), Vietnam 
(Van Bortel et al, 1999; Phuc et al, 2003; 
Garros et al, 2005, 2008) and Thailand 
(Sharpe et al 2000; Kengne et al, 2001; 
Garros et al, 2006; Manguin et al, 2008).  
Anopheles yaeyamaensis (former species 
E) has only been reported from Ishigaki 
Island (Ryukyu Archipelago), Japan (Som-
boon et al, 2001, 2005, 2010).  In Thailand, 
An. minimus is distributed throughout the 
country and An. harrisoni is found pre-
dominantly in western Thailand, particu-
larly in Kanchanaburi Province (Sucharit 
et al, 1988; Green et al, 1990; Sharpe et al, 
1999), in Pu Ong Ka Village (Kengluecha 
et al, 2005; Rongnoparut et al, 2005) and Pu 
Teuy Village, Sai Yok District (Sungvorn-
yothin et al, 2006) where both sibling 
species can be found in sympatry. Other 
closely related species in the Aconitus 
Subgroup (Anopheles aconitus, Anopheles 
pampani, Anopheles varuna), the Jeypo-
riensis Subgroup (Anopheles jeyporiensis), 

and the Culicifacies Subgroup (Anopheles 
culicifacies) occupy similar habitats to An. 
minimus Subgroup (Rattanarithikul et al, 
1995, 2006). 

For species identification, the pres-
ence or absence of the humeral pale spot 
and the presector pale spot on the costa 
of the wing have been commonly used 
to separate An. minimus from An. har-
risoni (Sharpe et al, 1999; Van Bortel et al, 
1999; Rwegoshora et al, 2002; Garros et al, 
2005). However, using morphological 
characteristics alone often leads to species 
misidentification (Van Bortel et al, 2000; 
Sungvornyothin et al, 2006).  Several mo-
lecular-based tools have been developed 
to reliably identify individual species in 
the complex (Green et al, 1990; Garros 
et al, 2004a,b, 2006; Sungvornyothin et al, 
2006). Allozyme electrophoresis was first 
used to identify species within the An. 
minimus complex and related species, in-
cluding An. aconitus (Green et al, 1990; Van 
Bortel et al, 1999). Although this technique 
remains useful for identifying individual 
species within the Minimus Complex, 
meticulous and careful handling of speci-
mens is absolutely essential (Manguin et 
al, 2008). Recently, PCR-based methods 
examining DNA isolated from mosquitoes 
have been developed to identify members 
in this complex and other related species. 
(Sucharit and Komalamisra, 1997; Sharpe 
et al, 1999; Van Bortel et al, 2000; Kengne 
et al, 2001; Garros et al, 2004a,b).  Accurate 
identification of sympatric sibling species 
of important vectors directly contributes 
to more beneficial studies and effective 
control (Curtis and Townson, 1998; Chen 
et al, 2002; Oyewole et al, 2007; Sinka 
et al, 2011).

Only a few studies have examined 
the biology and habitats of An. minimus 
s.l. larvae in Thailand (Rattanarithikul 
et al, 1995; Overgaard et al, 2002). We 
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describe the seasonal abundance of 2 
sympatric species in the Minimus Com-
plex and other closely related species (An. 
aconitus, An. pampani, and An. varuna) 
from a riparian, freshwater habitat in 
Kanchanaburi Province, one of the most 
malaria outbreak-prone areas along the 
Thai-Myanmar border. 

MATERIALS AND METHODS

Study site
A sampling survey was conducted 

in Bong Ti Noi Village, Sai Yok District, 
Kanchanaburi Province (approximately 
160 km west of Bangkok).  The village 
is located in a hilly zone, approximately 
100 m above sea level, mostly surrounded 
by primary and secondary forest.  At 
the time of the study the village had 96 
houses and a population of ~231 people. 
The collection site (14o17’N, 99o11’E) is a 
seasonal running stream, becomes a river 
in wet season.
Larval collection

Anopheline larvae were sampled 
once every two months along the same 
stretch of stream from January 2007 to 
November 2008.  Three teams of 2 collec-
tors each performed the larval sampling in 
the morning (8:00-12:00 aM) and afternoon 
(1:00-4:00 pM).  Ten dips per collector were 
performed along the stream margins at 
each sentinel point with 20 dips total taken 
at each location per collection period.  A 
total of 58 different points (approximately 
30 m distance between sentinel points) 
were sampled along a designated area of 
the stream (2.2 km in length with a mean 
stream width of 5.2 m). All mosquito 
larvae were kept alive in 200 ml plastic 
bags and returned to the laboratory at 
the Department of Entomology, Kasetsart 
University, Bangkok, for processing and 
species identification. 

The physical and chemical charac-
teristics of body of water, velocity, depth, 
temperature, pH, conductivity and tur-
bidity (using a Secchi disk as a measure 
of water clarity) at each sampling point 
were recorded during each sampling 
period and throughout the study. Pre-
cipitation data were obtained from the Sai 
Yok District Meteorological Station, Thai 
Meteorological Department, located near 
the village.
Morphological identification

Anopheline larvae were carefully 
reared to adults and morphologically 
identified (Rattanarithikul et al, 2006). 
Specimens belonging to the Minimus 
Complex were initially identified as either 
An. minimus, if the presector pale spot was 
present on the wing costa,  or  as An. har-
risoni, if the humeral pale spot phenotype 
was present (Sungvornyothin et al, 2006) 
on at least one of the wings. 
Molecular identification

 Only specimens of An. minimus com-
plex and related species in the Aconitus 
Subgroup were subjected to molecular 
identification using an allele-specific mul-
tiplex assay examining the ITS-2 region of 
the DNA (Garros et al, 2004b).  Mosquitoes 
were individually processed and genomic 
DNA extracted from the whole body. 
Following amplification of DNA using 
a PCR method, species-specific primers 
were used in a the one-step reaction to dif-
ferentiate An. minimus, An. harrisoni, An. 
aconitus, An. pampani, and An. varuna.  The 
PCR products were subjected to electro-
phoresis on 2% agarose gel at 100v for 25 
minutes and stained with GelStar® (Lonza 
Rockland, Rockland, ME).
Data analysis

Statistical analyses of data (SPSS Ver-
sion 16.0 for Windows; SPSS, Chicago, 
IL) included the Pearson chi-square test 
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to determine the homogeneity of the 
proportion of mosquitoes, by species, 
collected during each period. The rela-
tionship between larval mosquito density 
and rainfall was determined by simple 
regression analysis. Variation in larval 
density of targeted species by seasons 
and year was compared with generalized 
linear model (GLM) univariate analysis 
followed by a least significant difference 
test. Seasons, based on rainfall patterns, 
were classified as, “dry” (December to 
February), “hot” (March to May) and 
“wet” (June to November). The numbers 
of each mosquito species were recorded 
and compared by season.  The physical 
and chemical attributes of the water by 
season and year were compared using a 
paired t-test. Statistical significance was 
set at p < 0.05.

RESULTS

A total of 3,513 anopheline larvae 
from all 12 sampling periods from Bong Ti 
Noi Village from January 2007 to Novem-
ber, 2008 were identified to species (Table 
1). During this same period, 11 residents 
were diagnosed with malaria infection, 
representing approximately 4.76% of the 
total population (Aimpus, personal com-
munication). Field collections consisted 
of 9 species of Anopheles. Approximately 
three out of four morphologically identi-
fied mosquitoes (75.63%) belonged to the 
Minimus Complex and related species in 
the Funestus Group. The species indenti-
fied were An. minimus (69.83%), An. har-
risoni (0.06%) and 2 genetically-related 
species belonging in the Aconitus Sub-
group, An. aconitus (0.63%) and An. varuna 

Month Minimus  Maculatus Barbirostris An.  An.  An. 
  Complex and Group Group culicifacies philippinensis vagus 
  Aconitus Subgr 

Year 1      
 Jan 349 62 4 5 0 0
 Mar 193 124 2 44 6 2
 May 19 85 0 22 0 0
 Jul 0 1 0 0 0 0
 Sep 0 0 0 1 0 0
 Nov 18 7 0 1 0 0
Year 2      
 Jan 475 62 5 4 0 0
 Mar 350 210 3 16 0 0
 May 216 47 0 11 0 1
 Jul  557 8 1 0 0 0
 Sep 2 0 0 0 0 0
 Nov 478 113 5 4 0 0
Subtotal  2,657 (75.63%) 719 (20.47%) 20 (0.57%) 108 (3.07%) 6 (0.17%) 3 (0.09%)
Total 3,513   

Table 1
Collection of larval Anopheles species from a stream environment in Bong Ti Noi

 Village, SaiYok District, Kanchanaburi Province, Thailand (2007-2008).
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Fig 1–Overall relative proportion of anopheline larvae by 
species collected from a stream in Bong Ti Noi, Sai Yok 
District, Kanchanaburi Province during a 2-year period.

firmed by molecular method 
(Table 2). Comparison of the 
identification methods re-
vealed agreement (accuracy) 
of the morphological method 
of An. aconitus (100%), An. 
varuna (97%), and An. mini-
mus (96%) and An. harrisoni 
(4%). Of the 51 specimens 
misidentified as An. har-
risoni, 36 (68%) were An. 
minimus, and 15 (28%) were 
An. varuna (Table 3).

An. minimus and An. 
maculatus were collected in 
relatively large numbers 
(2,453 and 719, respectively). 
The monthly proportions of 
the anopheline larvae varied 
(Fig 2) and were not homoge- 
nous among the different 
species (c2 = 1,009.83; df = 
88, p < 0.0001).  Anopheles 
minimus, An. varuna, An. 
maculatus and An. culicifacies 
were regularly collected all 
year-round, exceptions only 
occurring during a few times 
during of the wet season.

Regression analysis of 
the relationship between the 
density of these two species 
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Fig 2–Total number (by month) of Anopheles larvae collected 
compared with rainfall patterns.

(5.12%). The Maculatus Group (Anopheles 
maculatus) accounted for 20.47% of the 
total mosquitoes identified, Barbirostris 
Group (Anopheles barbirostris) for 0.57% 
and the remaining of 3.33% consisted of 
An. culicifacies (3.07%), An. philippinensis 
(0.17%), and An. vagus (0.09%) (Fig 1).  
An. pampani (Aconitus Subgroup) was not 
found at the study site.

A total of 2,657 specimens of the Mini-
mus Complex and Aconitus Subgroup 
were morphologically identified and con-

and monthly rainfall (Table 4) indicated 
rainfall had little or no affect on the 
monthly larval population densities of 
An. minimus (p = 0.059), An. maculatus (p = 
0.255), An. culicifacies (p = 0.500), An. phil-
ippinensis (p = 0.287), An. vagus (p = 0.459), 
and An. harrisoni (p = 0.572). Rainfall did 
influence the presence of An. aconitus (p = 
0.013), An. varuna (p = 0.018) and An. barbi-
rostris populations (p = 0.002).  There was 
an inverse correlation between rainfall 
and population density of An. minimus. 
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Month 
  An. minimus An. harrisoni An. aconitus  An. varuna

Year 1    
 Jan 280 0 8 61
 Mar 178 0 1 14
 May 5 0 2 12
 Jul 0 0 0 0
 Sep 0 0 0 0
 Nov 18 0 0 0
Year 2    
 Jan 452 0 4 19
 Mar 339 0 1 10
 May 202 0 0 14
 Jul  540 1 0 16
 Sep 2 0 0 0
 Nov 437 1 6 34
Subtotal 2,453 2 22 180
Total 2,657

Table 2
Total larvae of the Minimus Complex and related species identified by allele-specific 

PCR.

Minimus Subgroup Aconitus Subgroup

Morphological identification 
   An. minimus An. harrisoni An. aconitus An. varuna

An. minimus 2,516 2,415 (95.99%)a 0 6 (0.24%) 95 (3.78%)a

An. harrisoni 53 36 (67.92%)a 2 (3.77%) 0 15 (28.30%)a

An. aconitus 16 0 0 16 (100%)a 0
An. varuna 72 2 (2.78%)a 0 0 70 (97.22%)a

Total 2,657 2,453 2 22 180

aPercent of morphologically identified sample corrected by molecular analysis.

Table 3
Number and comparison of mosquitoes identified by morphological and molecular 

method.

Molecular identification

This relationship was re-analyzed by cal-
culating data by year for each survey.  The 
findings revealed a significant association 
between rainfall and larval population 
density during the first year (r2 = 0.703, 
p = 0.037), but not during the second year 
(r2 = 0.532, p = 0.100). A two-way ANOVA 

was used to investigate variations in 
primary study species (An. aconitus, An. 
harrisoni, An. minimus, and An. varuna) 
collected by year and season and by 
season within each year (Year * Season) 
(Table 5). Meaningful analysis was not 
possible for An. harrisoni and An. aconitus, 
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Species r r2 

    F p-value

An. minimus -0.559 0.312 4.535 0.059
An. harrisoni -0.182 0.033 0.342 0.572
An. aconitus -0.692 0.479 9.210 0.013
An. varuna -0.667 0.445 8.003 0.018
An. maculatus group -0.357 0.127 1.458  0.255
An. barbirostris group -0.793 0.629  16.985 0.002
An. culicifacies -0.216 0.047 0.489 0.500
An. philippinensis -0.335 0.112 1.267 0.287
An. vagus -0.237 0.056 0.594 0.459

Table 4
Relationship between monthly rainfall and abundance of mosquito species using 

regression statistics.

Source  
  df F p-value F p-value F p-value F p-value

Intercept 1 156.133 0.000 4.000 0.069 10.083 0.008 40.399 0.000
Year 1 57.684 0.000 4.000 0.069 0.000 1.000 0.045 0.836
Season 2 1.879 0.195 4.000 0.047 1.083 0.369 1.122 0.357
Year * Season 2 13.243 0.001 4.000 0.047 1.750 0.215 7.960 0.006

By year (year 1 and year 2); By season (dry, hot and wet of both years); and Year * Season (seasons 
between each year)

Table 5
Two-way ANOVA of total number of each species collected within the Minimus 

Complex and Aconitus Subgroup by season and year.

since both species were collected in small 
numbers. However, An. varuna (n = 180) 
were significantly correlated with year 
and season of sampling (p = 0.006).  The 
number of An. minimus (n = 2,453) was 
not significantly associated with season 
(p = 0.195), but was significantly associ-
ated with the year (p = 0.000) and seasons 
between years (p = 0.001). The ratio of An. 
minimus and An. varuna population densi-
ties were higher during the dry seasons in 
both years (Table 6 and Fig 3).

The physical and chemical measure-
ments of the water, including mean val-
ues and difference by season are shown 
in Table 6. As expected, during the wet 
season, the water flow velocity, turbid-
ity and water depth were higher than in 
the hot and dry seasons, while the pH 
and conductivity in the wet season were 
lower than during the other seasons. The 
water characteristics at the same sampling 
points (n = 58) during each season were 
compared between years using paired 

 An. minimus An. harrisoni An. aconitus An. varuna
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Fig 3-Mean number of Anopheles minimus, An. harrisoni, An. aconitus, An. varuna collected by season.
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t-tests. All measured parameters for each 
season showed significant differences 
between years (p < 0.05), except for water 
temperature during the hot season (p = 
0.850). 

DISCUSSION

The Minimus Subgroup is represent-
ed in Thailand by two sibling species of 
An. minimus and An. harrisoni.  While An. 
minimus was the predominant species de-
tected, both species were found sympatric 
in Bong Ti Noi Village in Kanchanaburi 
Province.  Only a few studies have ex-
amined the biology and habitats of An. 
minimus s.l. larval mosquitoes in Thailand 
(Rattanarithikul et al, 1995; Overgaard et 
al, 2002). 

Morphological misidentifications 
of closely related sympatric species are 
common (Van Bortel et al, 2001). Within 
the Minimus Complex and other closely 
related species in the Funestus Group, 

accurate identification cannot be made by 
morphological characteristics alone.  Mor-
phological identification of An. harrisoni 
was found to have a very high percent-
age (96%) of misidentification compared 
to AS-PCR confirmation. The majority of 
An. harrisoni specimens were molecularly 
identified as An. minimus (68%), followed 
by An. varuna (28%), a member of the 
Aconitus Subgroup. In all, this resulted 
in only 2 specimens of An. harrisoni being 
detected only during the second year of 
our study.

Anopheles maculatus an important 
malaria vector in Thailand (MOPH, 2010), 
was the second most common species 
(20.5% of all samples identified) encoun-
tered during the study.  Adult densities 
could have been higher than represented 
by larval sampling since An. maculatus 
can utilize other aquatic habitats, such as 
ground pools, ditches, and flooded rice 
fields (Rattanarithikul et al, 1995; Ndoen 
et al, 2010; Rohani et al, 2010) which were 
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not sampled in the village. Fluctuations 
in mosquito population densities can 
be highly dependent on environmen-
tal factors, such as climate and habitat 
availability (Dutta and Dutt, 1978; Laird, 
1988; Teng et al, 1998; Zhou et al, 2007). 
Our results indicate the larval popula-
tion densities of different species were 
affected by rainfall patterns, which led to 
changes in water movement (velocity) and 
other physical/chemical parameters that 
might have influenced larval numbers. 
In particular, a strong water current can 
impact the amount of floating materials 
(turbidity) and aquatic vegetation along 
the stream banks, causing anopheline 
larvae to be washed away, eliminating 
vegetation and debris that may serve as 
protection against natural predators, or 
sites becoming less preferential for gravid 
females to oviposit. This appears to be 
the explanation for the dramatic reduc-
tions in larval densities during periods of 
much higher rainfall during the first year.  
However, during the second year, larval 
population densities were not greatly 
affected by increases in overall rainfall. 
We speculate this may have been due, at 
least partly, to the construction of a series 
of small water control check-dams in the 
upstream areas for agricultural purposes 
during the study period. The dams re-
duced the water velocity and diminished 
the magnitude of fluctuations in depth   of 
water. With a more “stable” environment, 
sheltered from extremes in precipitation, 
the riparian/littoral vegetation and float-
ing debris could be maintained for longer 
periods of time, protecting immature mos-
quitoes from both adverse water currents 
and potential predators. However, only 
two larvae were collected in September of 
the second year, a month which recorded 
more than 200 mm of rainfall. During the 
dry season of both years, An. minimus 

and An. varuna larvae were relatively 
more common than other times of the 
year. Similarly, An. minimus was found 
more abundant during the dry season 
in Pang Mai Daeng Village, Chiang Mai 
Province, northern Thailand (Overgaard 
et al, 2002). The mean levels of turbidity, 
water velocity and temperature, were 
lower in the dry season than the other 
season, which appears to be associated 
with higher larval densities and a more 
ideal habitat for development. During the 
wet season, higher flow rates and turbid-
ity were evident.   

As with almost any field study, 
certain limitations apply to the design, 
analysis and interpretation of the data 
collected. The fact that approximately 
two-thirds of the collected larvae did not 
survive to eclosion (adulthood) and thus 
were not identified either morphologi-
cally or using PCR potentially biases the 
findings, since different species and stages 
of instar will determine probability of 
rearing success.  Species identification by 
examining DNA found both An. harrisoni 
and An. aconitus in too few numbers to 
justify any meaningful analysis on these 
two species.  Further studies in Bong 
Ti Noi could determine if the relatively 
scarcity of both species is a normal or 
was  simply observed during the 2 years 
of sampling.  It could have been useful to 
collect daily rainfall data at the study site 
to allow more accurate examination of the 
frequency and amount of rainfall. More 
detailed monitoring of the larval habitat 
and various stream parameters using a 
continuous electronic measuring device 
would have increased understanding of 
the changing dynamics by survey point. 

The findings of this study indicate 
the one environmental variable that had 
the greatest influence on larval popula-
tion density in the stream was “rainfall”.  
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This proxy variable can be used to forecast 
larval population densities of species that 
typically inhabit riparian environments in 
western Thailand.  Information derived 
from this type of study can be used to 
predict mosquito species distributions 
by season and prevailing climatic activ-
ity and may prove  useful in forecasting 
malaria transmission in a given area and 
assist in the timing of recommended con-
trol measures.

ACKNOWLEDGMENTS

We thank the Thailand Research Fund 
through the Royal Golden Jubilee PhD 
Program (Grant No. PHD/0013/2550), 
the Senior Research Scholar Program 
(RTA528007) and the Kasetsart University 
Research and Development Institute for 
providing financial support for this proj-
ect.  Special thanks to Mrs Warinpasssorn 
Leepitakrat for her assistance with the 
molecular analysis and the students and 
staff of the Mosquito Laboratory, Depart-
ment of Entomology, Kasetsart University 
for their kind assistance in the field.

REFERENCES

Chen B, Harbach RE, Butlin RK. Molecular and 
morphological studies on the Anopheles 
minimus group of mosquitoes in southern 
China: Taxonomic review, distribution 
and malaria vector status. Med Vet Entomol 
2002; 16: 253-65.

Curtis CF, Townson H. Malaria: existing 
methods of vector control and molecular 
entomology. Br Med Bull 1998; 54: 311-25.

Dev V, Ansari MA, Hira CR, Barman K. An 
outbreak of Plasmodium falciparum malaria 
due to Anopheles minimus in central Assam, 
India. Indian J Malariol 2001; 38: 32-8.

Dutta HM, Dutt AK. Malaria ecology: a global 
perspective. Soc Sci Med Part D (Med Geogr) 
1978; 12: 69-84.

Garros C, Koekemoer LL, Kamau L, et al. Re-
striction fragment length polymorphism 
method for the identification of major Af-
rican and Asian malaria vectors within the 
Anopheles funestus and Anopheles minimus 
groups. Am J Trop Med Hyg 2004a; 70: 260-5.

Garros C, Koekemoer LL, Coetzee M, Coose-
mans M, Manguin S. A single multiplex 
assay to identify major malaria vectors 
within the African Anopheles funestus and 
the Oriental Anopheles minimus groups. Am 
J Trop Med Hyg 2004b; 70: 583-90.

Garros C, Marchand RP, Quang NT, Hai NS, 
Manguin S. First record of Anopheles 
minimus C and significant reduction of 
Anopheles minimus A in Central Vietnam. 
J Am Mosq Control Assoc 2005; 21: 139-43.

Garros C, Van Bortel W, Trung HD, Coosemans 
M, Manguin S. Review of the Minimus 
Complex of Anopheles, main malaria vector 
in Southeast Asia: from taxonomic issues 
to vector control strategies. Trop Med Int 
Health 2006; 11: 102-14.

Garros C, Van Nguyen C, Trung HD, Van Bortel 
W, Coosemans M, Manguin S. Distribution 
of Anopheles in Vietnam, with particular at-
tention to malaria vectors of the Anopheles 
minimus complex. Malar  J 2008; 7: 11.

Green CA, Gass RF, Munstermann LE, Baimai 
V. Population genetic evidence for two 
species in Anopheles minimus in Thailand. 
Med Vet Entomol 1990; 4: 25-34.

Harbach RE. The classification of genus 
Anopheles (Diptera: Culicidae): a working 
hypothesis of phylogenetic relationships. 
Bull Entomol Res 2004; 94: 537-53.

Kengluecha A, Rongnoparut P, Boonsuepsakul 
S, Sithiprasasna R, Rodpradit P,  Baimai 
V. Geographical distribution of Anopheles 
minimus species A and C in western Thai-
land. J Vector Ecol 2005; 30: 225-30.

Kengne P, Trung HD, Baimai V, Coosemans 
M, Manguin S. A multiplex PCR-based 
method derived from Random Amplified 
Polymorphic DNA (RAPD) markers for 
the identification of species of the Anoph-
eles minimus group in Southeast Asia. Insect 



SoutheaSt aSian J trop Med public health

612 Vol  43  No. 3  May  2012

Mol Biol 2001; 10: 427-35.
Laird M. The natural history of larval mosquito 

habitats. London: Academic Press, 1988. 
Li FW, Wang HF, Li JH, et al. Study on the 

susceptibility of Anopheles minimus and 
Anopheles sinensis of Guangxi to Hainan 
strain of Plasmodium vivax.  Chin J Parasitic 
Dis Control 1999; 12: 143-4.

Manguin S, Garros C, Dusfour I, Harbach RE, 
Coosemans M. Bionomics, taxonomy, and 
distribution of the major malaria vector 
taxa of Anopheles subgenus Cellia in South-
east Asia: An updated review. Infect Genet 
Evol 2008; 8: 489-503.

Ministry of Public Health (MOPH). Department 
of Disease Control Annual Report 2010.  
Nonthaburi: MOPH, 2010.

Ndoen E, Wild C, Dale P, Sipe N, Dale M. Rela-
tionships between anopheline mosquitoes 
and topography in West Timor and Java, 
Indonesia. Malar J 2010; 9: 242.

Overgaard HJ, Tsuda Y, Suwonkerd W, Takagi 
M. Characteristics of Anopheles minimus 
Theobald (Diptera: Culicidae) larval habi-
tats in northern Thailand. Environ Entomol 
2002; 31: 134-41.

Oyewole IO, Awolola TS, Ibidapo CA, Oduola 
AO, Okwa OO, Obansa JA. Behaviour 
and population dynamics of the major 
anopheline vectors in a malaria endemic 
area in southern Nigeria. J Vector Borne Dis 
2007; 44: 56–64.

Phuc HK, Ball AJ, Son L, et al. Multiplex PCR 
assay for malaria vector Anopheles minimus 
and four related species in the Myzomyia 
Series from Southeast Asia. Med Vet Ento-
mol 2003; 17: 423-8.

Rattanarithikul R, Green CA, Panyim S, 
Noigamol C, Chanaimongkol S,  Mahapi-
bul P. Larval habitats of malaria vectors 
and other Anopheles mosquitoes around 
a transmission focus in northwestern 
Thailand. J Am Mosq Control Assoc 1995; 
11: 428-33.

Rattanarithikul R, Harrison BA, Harbach RE, 
Panthusiri P, Coleman RE. Illustrated keys 
to the mosquitoes of Thailand IV. Anoph-

eles. Southeast Asian J Trop Med Public Health 
2006; 37 (suppl 4): 1-128.

Rohani A, Wan Najdah WM, Zamree I, et al. 
Habitat characterization and mapping of 
Anopheles maculatus (Theobald) mosquito 
larvae in malaria endemic areas in Kuala 
Lipis, Pahang, Malaysia. Southeast Asian 
J Trop Med Public Health 2010; 41: 821-30.

Rongnoparut P, Ugsang DM, Baimai V, Honda 
K, Sithiprasasna R. Use of a remote sens-
ing-based geographic information system 
in the characterizing spatial patterns for 
Anopheles minimus A and C breeding habi-
tats in western Thailand. Southeast Asian J 
Trop Med Public Health 2005; 36: 1145–52.

Rwegoshora TR, Sharpe RG, Baisley KL, Kit-
tayapong P. Biting behavior and seasonal 
variation in the abundance of Anopheles 
minimus species A and C. Southeast Asian 
J Trop Med Public Health 2002; 33: 694-701.

Sharpe RG, Hims MM, Harbach RE, Butlin RK. 
Two PCR based methods for identification 
of species of the Anopheles minimus group: 
allele specific amplification and single 
strand conformation polymorphism. Med 
Vet Entomol 1999; 13: 265-73.

Sharpe RG, Harbach RE, Butlin RK. Molecular 
variation and phylogeny of members of 
the Minimus Group of Anopheles subgenus 
Cellia (Diptera: Culicidae). Physiol Entomol 
2000; 25: 263-72.

Sinka ME, Bangs MJ, Manguin S, et al. The 
dominant Anopheles vectors of human ma-
laria in the Asia-Pacific region: occurrence 
data, distribution maps and bionomic 
précis. Parasit Vectors 2011; 4: 89.

Somboon P, Rory A, Tsuda Y, Takagi M, Har-
bach RE. Systematics of Anopheles (Cellia) 
yaeyamaensis sp. n., alias species E of the 
Anopheles minimus complex in southeast-
ern Asia (Diptera: Culicidae). Zootaxa 2010; 
2651: 43-51.  

Somboon P, Thongwat D, Somwang P, Teng 
HJ, Tsuda Y, Takagi M. The specific status 
of Anopheles minimus s.l. collected from 
Taiwan. Southeast Asian J Trop Med Public 
Health 2005; 36: 605-8.



SeaSonal abundace of Anopheles larvae in a Malaria endeMic area

Vol  43  No. 3  May  2012 613

Somboon P, Walton C, Sharpe RG, et al. Evi-
dence for a new sibling species of Anopheles 
minimus from the Ryukyu Archipelago, 
Japan. J Am Mosq Control Assoc 2001; 17: 
98-113.

Sucharit S, Komalamisra N. Differentiation 
of Anopheles minimus species complex by 
RAPD-PCR technique. J Med Assoc Thai 
1997; 80: 598-602.

Sucharit S, Komalamisra N, Leemingsawat 
S, Apiwathnasorn C, Thongrungkiat S. 
Population genetic studies on the Anoph-
eles minimus complex in Thailand. South-
east Asian J Trop Med Public Health 1988; 
19: 717-23.

Sungvornyothin S, Garros C, Chareonviry-
aphap T, Manguin S. How reliable is the 
humeral pale spot for identification of 
cryptic species of the Minimus Complex? 
J Am Mosq Control Assoc 2006; 22: 185-91.

Teng HJ, Wu YL, Wang SJ, Lin C. Effects of 
environmental factors on abundance of 
Anopheles minimus (Diptera: Culicidae) 
larvae and their seasonal fluctuation in 
Taiwan. Environ Entomol 1998; 27: 324-8.

Van Bortel W, Harbach RE, Trung HD, Roelants 
P, Backeljau T, Coosemans M. Confirma-
tion of Anopheles varuna in Vietnam, pre-
viously misidentified and mistargeted as 
the malaria vector Anopheles minimus. Am 
J Trop Med Hyg 2001; 65: 729-32.

Van Bortel W, Trung HD, Manh ND, Roelants 
P, Verlé P, Coosemans M. Identification of 
two species within the Anopheles minimus 
complex in northern Vietnam and their 
behavioural divergences. Trop Med Int 
Health 1999; 4: 257-65.

Van Bortel W, Trung HD, Roelants P, Harbach 
RE, Backeljau T, Coosemans M. Molecular 
identification of Anopheles minimus s.l. 
beyond distinguishing the members of 
the species complex. Insect Mol Biol 2000; 
9: 335-40.

World Health Organization (WHO). World 
malaria report 2010. Geneva: WHO, 2010.

Zhou G, Munga S, Minakawa N, Githeko AK, 
Yan G. Spatial relationship between adult 
malaria vector abundance and environ-
mental factors in Western Kenya High-
lands. Am J Trop Med Hyg 2007; 77: 29-35.


