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Abstract 

 

Chemicals protect humans from the bite of insects using three different actions:  

irritation after making contact, repelling prior to contact, or by killing the insects (toxicity).  

Most research has focused on the toxic function of chemicals whereas comparatively few 

have concentrated on non-toxic chemical characteristics.  In this study, we tested three 

actions of test chemicals on Anopheles minimus populations using both laboratory and field 

assay systems.  Laboratory investigation was conducted using the free choice excito-

repellency (ER) test box. Field studies were performed using experimental huts. Our 

findings indicate that test chemicals successfully repelled mosquitoes from treated surfaces 

at low concentrations whereas higher doses provided a toxic action on mosquito 

populations. In particular, DDT demonstrated a unique property of "repellency" whereas 

synthetic pyrethroids i.e., deltamethrin primarily functioned as "irritants".  The toxic action of 

chemicals at higher doses could stimulate selection for resistance in vector populations, 

whereas applying chemicals at minimal doses can help delay physiological resistance and 

possibly reduce the environmental risk. With the new ER test system, we were also able to 

test the effect of several pyrethroids on several Aedes aegypti strains.  In addition, we took 

the advantages of the PCR technology to identify the two species of An. minimus complex. 

Biting pattern and seasonal abundance between the two species were also characterized.  

 

Key Words: Chemical, irritancy, repellency, DDT, pyrethroids, mosquito 
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Influence of nutritional and physiological status on behavioral responses of
Aedes aegypti (Diptera: Culicidae) to deltamethrin and cypermethrin
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ABSTRACT: Excito-repellency responses of Aedes aegypti (L.) exposed to deltamethrin and cypermethrin were assessed
using an excito-repellency test system. Contact irritancy and non-contact repellency assays compared non-bloodfed (unfed)
parous (post-gravid), nulliparous, early blood-fed, late blood-fed, sugar-fed, and unmated female mosquitoes for behavioral
responses based on nutritional and physiological conditions at the time of testing. Rates of escape during contact exposure
with either compound were most pronounced in parous mosquitoes, followed by unmated mosquitoes, when compared to
other conditional states. Significantly higher numbers of parous females also escaped from control chambers compared to
other cohorts (P <0.05).  Irritability of blood- and sugar-fed mosquitoes was noticeably suppressed. We conclude that nutritional
and physiological conditions (including age) of mosquitoes at the time of testing can significantly influence behavioral
responses (excito-repellency) to insecticides. The findings indicate that whether due to chronological age, nutrition,
physiological state, or innate (circadian) activity patterns, careful consideration must be given to the selection of appropriate
conditioned mosquitoes for testing. Journal of Vector Ecology 31 (1): 89-101. 2006

Keyword Index: Aedes aegypti, excito-repellency, behavior, deltamethrin, cypermethrin.

INTRODUCTION

Dengue hemorrhagic fever is one of the most serious viral
illnesses of humans, occurring worldwide in many tropical/
subtropical regions and placing 50-100 million people at risk
of serious infection each year (Gubler 1997). The primary
vector is the day-biting mosquito, Aedes (Stegomyia) aegypti
(L.), an eusynanthropic mosquito that typically breeds in and
around human habitation and seeks blood primarily from
humans. Prevention and control of dengue transmission still
relies heavily on control of the vector’s preferred larval
habitats. Elimination or resource availability management
(“source reduction”) of larval habitats has been the most
common approach to vector control but remains an expensive
endeavor that is difficult to sustain without large budgets,
commitment, and active community participation (Gubler
1997). Adult vector control using insecticides applied as
transitory space sprays, usually in direct response to dengue
outbreaks, has been commonly used in and around homes for
decades and is believed to be an important contributor of
insecticide resistance in house-haunting mosquitoes like Ae.
aegypti.

Although some populations of Ae. aegypti in Thailand
have been found to be physiologically resistant to several
synthetic compounds (Chareonviriyaphap et al. 1999,

Somboon et al. 2003), the true impact of resistance on vector
control and disease transmission has not been adequately
clarified (WHO 1992, Kongmee et al. 2004). Apart from the
toxicological action, many synthetic pyrethroids have been
shown to have irritant or repellent properties to insects
(Threlkeld 1985). Most reports have focused on the excito-
repellency properties of DDT and synthetic pyrethroids
against Anopheles species (Coosemans and Sales 1977, Pell
et al. 1989, Roberts et al. 2000, Chareonviriyaphap et al. 1997,
2001).  Relatively little interest has been paid to behavioral
responses of Ae. aegypti exposed to insecticides (Kennedy
1947, Lal et al. 1965, Moore 1977) and only one study has
described the two principal types of behavioral responses,
irritancy and repellency (Kongmee et al. 2004) in this species
using a standardized excito-repellency test chamber and
analysis (Roberts et al. 1997, Chareonviriyaphap et al. 2002).
The influence of nutritional and physiological conditions on
behavioral responses of Ae. aegypti during exposure to
insecticides has not been investigated (Sungvornyothin et al.
2001), thus forming the objective of this study. The excito-
repellency response of Ae. aegypti to deltamethrin and
cypermethrin was determined by directly comparing the
numbers of female mosquitoes escaping from test chambers
following exposure to synthetic pyrethroids under controlled
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laboratory conditions.

MATERIALS AND METHODS

Mosquito populations
A colony of Chiangmai population was established from

larvae and pupae from Pang Mai Daeng Village, Mae Taeng
District, Chiangmai Province (14O15’ N, 99O 17’ E) in August
2004. The colony was kept at the Department of Entomology,
Faculty of Agriculture, Kasetsart University, Bangkok,
Thailand. The F1-F3 generations were used for excito-
repellency (ER) tests.

A colony of Kanchanaburi population was established
from larvae and pupae collected from Pu Teuy Village, Sai
Yok District, Kanchanaburi Province (14O 17’ N, 99O 11’E)
in September 2004, and kept at the Department of
Entomology, Kasetsart University. The F1-F3 generations
were used for ER tests.

Mosquito rearing and conditioning
Colonization of Aedes aegypti from field collections

followed established methods (Kongmee et al. 2004) with
only minor modifications to meet testing requirements. All
life stages were maintained under insectary conditions before,
during, and following testing. Larval and adult insects were
kept under a 12:12 light:dark photoperiod regime. Adults were
provided cotton pads soaked with 10% sucrose solution from
the first day of emergence. Adults were held in 30 cm3 screen-
meshed cages. Depending on required experimental
conditions, female mosquitoes were permitted to have a blood
meal (live hamster) on the third or fourth day post-emergence.
Two days post-blood feeding, oviposition dishes were placed
in the cage for gravid females to deposit eggs.

Six different nutritional and physiological conditions of
female mosquitoes of varying ages were used in this study.
Cohorts included: Parous (mated) females blood-fed on live
hamsters on day 3, held for 3 days until oviposition, and then
held for an additional 3 days with only water provided before
testing (between 8 and 9-days-old). Nulliparous (mated)
mosquitoes were denied blood and sugar, provided water only,
and were 2 to 3-days-old at the time of testing. Early blood-
fed and Late blood-fed mosquitoes were 4-days and 6-days-
old, respectively. Only fully blood-fed mosquitoes were used.
Sugar-fed (10% sucrose only) mosquitoes were 3 to 4-days-
old at testing. Unmated females were obtained by placing
individual pupae in separate containers until emergence, after
which female adults were segregated into all-female cages
until testing. Infertile females were provided water only and
were 3 to 4 days of age at the time of testing. All six
conditioned cohorts were kept separate before, during, and
after testing.

Insecticides
Two synthetic pyrethroid insecticides were used in excito-

repellency assays: Deltamethrin [(S)-alpha-cyano-3-
phenoxybenzyl (1R,3R)-3-(2,2-dibromovinyl)-2,2-dimethyl
cyclopropane carboxylate] ( 85% purity) provided by Bayer,
Thailand, and cypermethrin [RS-alpha-cyano-3-

phenoxybenzyl (1RS,3RS;1RS,3SR)-3-(2,2-dichlorovinyl)-
2,2- dimethylcyclopropanecarboxylate] (87% purity) supplied
by Ladda Company, Thailand.

Insecticide papers
Test papers (27.5 x 35.5 cm2) were chemically

impregnated using World Health Organization (WHO 1998)
recommended diagnostic concentrations of deltamethrin
(0.05%) and cypermethrin (0.5%). For behavioral avoidance
assays, operational field doses of deltamethrin (0.02g/m2) and
cypermethrin (0.5 g/m2) for Ae. aegypti were used (WHO
1998). Treated papers were prepared by the Center for Vaccine
Development, Institute of Science and Technology for
Research and Development, Mahidol University, Salaya
District, Nakhonpathom Province, Thailand, according to
specification (WHO 1996). All insecticide papers were treated
at the rate of 2.75 ml insecticide solution per 180 cm2 surface
area. Control papers were treated with acetone (solvent) plus
silicone oil.

Insecticide susceptibility test
The susceptibility of each population to each insecticide

at the concentrations indicated were assessed by exposing
unfed, 3-5-d-old female mosquitoes to insecticide-treated test
papers following standard testing procedures and exposure
times (WHO 1998). For each test, five test cylinders (two
controls and three treatments) were used. Control cylinders
contained filter paper impregnated with solvent and carrier;
treatments contained paper impregnated with the diagnostic
concentration of insecticide and solvent. Twenty-five
mosquitoes were introduced into each cylinder for 1 h.
Mosquitoes were then transferred to holding containers, and
a 10% sucrose solution was provided. Mortalities were
recorded at 24 h. Each test was replicated four times.

Behavioral tests
The test system used in this study is described in detail

by Chareonviriyaphap et al. (2002).  A complete test required
four separate chambers; two pairs of treatment and control
chambers, respectively. All tests were conducted between 0800
to 1630 h under natural conditions of temperature and relative
humidity (range 27-32° C and 50-75% relative humidity). Two
different strains of six different conditioned cohorts each were
used in this study: parous, nulliparous, late blood-fed, early
blood-fed, sugar-fed, and unmated mosquitoes of varying ages.
All trial sets were replicated at least three times.

The general test procedures described by Kongmee et
al. (2004) were followed with only minor modifications to
meet experimental protocol. Twenty-five mosquitoes were
carefully introduced into each of four chambers using a
mechanical aspirator. A receiving cage (20 x 27 x 24 cm paper
box) was connected to the exit portal for collecting mosquitoes
that escaped. Mosquitoes were allowed a 3-min resting period
to adjust to the darkened inside of the test chamber before the
escape funnel was opened and the observation period begun.
Numbers of mosquitoes escaping from the chambers into the
receiving cage were recorded at 1-min intervals for 30 min.
The number of dead or moribund (knockdown) specimens,
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either remaining inside the chamber or those escaping to the
receiving cage, were recorded separately for treated and
control chambers. All live mosquitoes in or escaped were
collected, provided sucrose solution, and held in separate
containers to record mortality over a 24-h post-exposure
period.

Data analysis
Kaplan-Meier survival analysis was used to examine the

excito-repellency data collected at 1-min intervals (Roberts
et al. 1997). Survival analysis was used to derive escape time
(ET) percentage estimates (in min) for the different
insecticides and conditions of test mosquitoes. A log-rank
method was used to compare the patterns of escape behavior
between the two mosquito populations and various nutritional
and physiological conditions (Mantel and Haenzel 1959).
Statistical significance was set at 0.05 level of probability.

RESULTS

The percent mortality of adult Ae. aegypti at the single
diagnostic dosage is given in Table 1. Both populations
showed partial resistance to either deltamethrin or

cypermethrin, or both. Chiangmai demonstrated 60% and
40% mortality following standard exposure times to
deltamethrin and cypermethrin, respectively. Deltamethrin
produced 100% mortality in Kanchanaburi (complete
susceptibility); whereas cypermethrin resulted in only 15%
death.

There were marked escape patterns of Ae. aegypti after
contact with either of the two chemicals as compared to control
and noncontact trials and regardless of physiological or
nutritional condition at the time of the test (P <0.05). In all
cases, no significant differences in escape patterns were found
between non-contact trials and paired controls (P >0.05).
Among the controls, significantly high numbers of post-gravid
(parous) mosquitoes departed untreated chambers (P <0.05)
compared to other conditioned cohorts (e.g., Kanchanaburi
55-61% control mosquitoes escaped within 30 min). However,
there was significant difference in escape patterns between
contact and control trials for parous females (P<0.05).  In
general, mortality of escaped mosquitoes was less with
deltamethrin vs. cypermethrin (Tables 2 and 3). Relatively
low numbers of mosquitoes escaped in noncontact trials
exposed to either compound (data not shown).

Table 2 shows contact escape responses and percent

Deltamethrin  Cypermethrin Strain of 
Ae. aegypti 

No. Tested % Mortality No. Tested % Mortality 

Chiangmai 300 180 (60) 300 120 (40) 

Kanchanaburi 300 300 (100) 300 45 (15) 

 

Table 1. Mean susceptibility of two strains of Ae. aegypti at diagnostic concentrations of deltamethrin and cypermethrin.

 N u m ber %  M ortality 
Insect ic id e T reatm ent 

  #       % esc 
C o ntro l 

#      % esc 
T reatm ent 

 E sc     R em 
C o ntro l 

 E sc     R em  
D eltam eth rin   
  P aro us 
   N ulliparo us 
   Late b lo o d-fed  
   E arly b lo o d-fed  
   S ugar-fed  
   U nm ated  
C yperm eth rin   
   P aro us 
   N ulliparo us 
   Late b lo o d-fed  
   E arly b lo o d-fed  
   S ugar-fed  
   U nm ated  

71
100
100
100
100
100

92
97
99

100
97
75

65
31
24
18
21
47

85
43
23
13
24
45

69  
100  
100  
100  
98  
98  

99  
98  

100  
97  
99  
73  

55  
8
1
5
0
2

61 
1
1
3
4

10 

9
2
0
0
1
0

16
2
5
2
1
3

11
0
0
1
5
1

3
8

16
19
4
9

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

 

Table 2. Percent mortality of parous, nulliparous, late blood-fed, early blood-fed, sugar-fed, and unmated Ae. aegypti
(Kanchanaburi) after contact with deltamethrin and cypermethrin.
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Figure 1. Proportion of parous, nulliparous, late blood-fed, early blood-fed, sugar-fed, and unmated female Ae. aegypti
(Kanchanaburi) remaining in exposure chambers during contact trials with deltamethrin (A) or cypermethrin (B).

A

B
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Figure 2. Proportion of parous, nulliparous, late blood-fed, early blood-fed, sugar-fed, and unmated female Ae. aegypti
(Chiangmai) remaining in exposure chambers during contact trials with deltamethrin (A) and cypermethrin (B).

A

B
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Figure 3. Proportion of parous, nulliparous, late blood-fed, early blood-fed, sugar-fed, and unmated female Ae. aegypti
(Kanchanaburi) remaining in exposure chambers during non-contact trials with deltamethrin (A) and cypermethrin (B).

A

B
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Figure 4. Proportion of parous, nulliparous, late blood-fed, early blood-fed, sugar-fed, and unmated female Ae. aegypti
(Chiangmai) remaining in exposure chambers in non-contact trials with deltamethrin (A) and cypermethrin (B).

A

B
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mortalities of Kanchanaburi test populations under various
nutritional and physiological conditions following a 24-h
holding period. The highest escape response was observed in
parous females (65% deltamethrin, 85% cypermethrin), while
the lowest was seen in early bloodfed mosquitoes (18%
deltamethrin, 13% cypermethrin). A large percentage (47%)
of unmated mosquitoes also escaped from deltamethrin-treated
chambers. Percent mortality following 24 h was low for all
tests, ranging from 0 to 19%.

Contact escape responses for Chiangmai mosquitoes at
various nutritional and physiological conditions were similar
for both chemicals (Table 3). As with Kanchanaburi, the
greatest escape response was observed in parous mosquitoes
(84% deltamethrin, 83% cypermethrin), whereas the lowest
response was observed in the late bloodfed cohorts (15%
deltamethrin, 10% cypermethrin). With deltamethrin, 60 and
63% of unmated and nulliparous females, respectively, exited
treated chambers. For Chiangmai, the percent escape from
control chambers ranged from 0 to 39%, the majority being
parous mosquitoes. Percent mortalities were higher with
cypermethrin contact than deltamethrin, especially among
sugarfed (43%), early bloodfed (55%), and late bloodfed
(51%).

Multiple paired log-rank comparisons of escape in contact

trials were analyzed (data not shown). Significant differences
were found for all comparisons of parous females with other
cohorts (P <0.05). With deltamethrin, statistical differences
were observed with unmated females among all others (P
<0.05), except for nulliparous Chiangmai females (P >0.05).
Significant differences in escape were also seen with unmated
females compared to parous and nulliparous mosquitoes
exposed to cypermethrin.

Time in minutes for mosquitoes to escape from contact
chambers treated with deltamethrin and cypermethrin were
estimated (Table 4). Escape time patterns were set at 30%
(ET30) and 60% (ET60) of the test population departing the
test chamber during the 30-min period. Chiangmai ET30 and
ET60 values for parous females were rapid, 1 and 4 min for
deltamethrin and 1 and 5 min for cypermethrin. The ET30
for nulliparous females was 6 min for deltamethrin and 3 min
for cypermethrin, and for unmated females, 4 min for
deltamethrin (Table 4). Kanchanaburi ET30 and ET60 values
were more dramatic than Chiangmai, but were similar in
pattern; for parous mosquitoes 2 and 17 min for deltamethrin
and 2 and 8 min for cypermethrin. The ET30 for nulliparous
were 22 min for deltamethrin and 10 min cypermethrin and
for unmated females 7 min for deltamethrin and 5 min for
cypermethrin. The ET30 and ET60 in late blood-fed, early

 Number %Mortality 
Insecticide Treatment 

  #    %esc 
Control 

 #     %esc 
Treatment 

  Esc    Rem 
Control 

 Esc    Rem 
Deltamethrin  
   Parous 
   Nulliparous 
   Late bloodfed 
   Early bloodfed 
   Sugarfed 
   Unmated 
Cypermethrin  
   Parous 
   Nulliparous 
   Late bloodfed 
   Early bloodfed 
   Sugarfed 
   Unmated 

75 
75 
75 
74 

100 
75 

70 
70 
72 
74 
73 
71 

84 
63 
15 
16 
17 
60 

83 
57 
10 
28 
25 
30 

75 
74 
75 
75 

100 
75 

71 
70 
74 
75 
74 
73 

29 
22 
0
0
2
7

28 
39 
0
3
4

15 

1
0
0
0
0
0

30 
39 
3

12 
8

13 

0
0
0
0
6
1

13 
30 
51 
55 
43 
58 

0
0
0
0
0
0

0
1
0
0
0
0

0
0
0
0
0
0

0
3
0
0
0
0

 

Table 3. Percent mortality of parous, nulliparous, late blood-fed, early blood-fed, sugar-fed, and unmated Ae. aegypti
(Chiangmai) after contact with deltamethrin and cypermethrin.

Table 4. Time in minutes for 30% (ET30) and 60% (ET60) parous, nulliparous, late bloodfed, early blood-fed, sugar-fed,
and unmated Ae. aegypti to escape from excito-repellency chambers treated with deltamethrin and cypermethrin during 30
min contact trials.

Population Condition Deltamethrin Cypermethrin
ET30 ET60 ET30 ET60

Chiangmai Parous 1 4 1 5
Nulliparous 6 - 3 -
Unmated 4 - - -

Kanchanaburi Parous 2 17 2 8
Nulliparous 22 - 10 -
Unmated 7 - 5 -

All other physiological conditions (not indicated) did not leave within 30 min.
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blood-fed, and sugar-fed cohorts could not be calculated
because the few numbers that escaped precluded ET analysis.

Figures 1 to 4 illustrate the proportions of mosquitoes
remaining in the exposure chambers defined by physiological
and nutritional conditions. The proportions were used to
develop probabilities of escape under contact with
deltamethrin or cypermethrin for both Kanchanaburi (Figure
1) and Chiangmai populations (Figure 2). Contact escape
patterns for parous females were consistently and significantly
greater than those of other nutritional states across both
compounds in both populations (P <0.05). However, dramatic
escape responses were also observed in parous controls
compared to other control cohorts (P <0.05). Significant
differences were noted between all contact and paired control
trails, except for Kanchanaburi parous females and paired
controls with either compound.  Noncontact repellency was
less dramatic a response compared to irritancy. In noncontact
trials, Kanchanaburi escape patterns for parous females were
statistically greater than those of other cohorts (Figure 3);
whereas, escape response for parous females was less
pronounced in Chiangmai (Figure 4). As seen in contact
experiments, significantly higher numbers of parous
mosquitoes departed the control chambers in noncontact trials.

DISCUSSION

The natural tendency for mosquitoes to avoid insecticide-
treated surfaces appears to be a general phenomenon, yet
behavioral responses of insects exposed to insecticides remain
poorly studied and understood. We believe this area of
research has been relatively neglected yet remains an
important aspect to understanding how vector control methods
function and for sound decision-making on pesticide selection
(Muirhead-Thomson 1960, de Zulueta 1964, Roberts et al.
2000). Mosquito behavior is of prime epidemiological
importance to the extent it either favors or arrests a mosquito
feeding on a human, potentially imbibing an infectious blood
meal or transmitting a pathogen to a susceptible host (Elliott
1972). Historically, the general notion that behavioral
avoidance by mosquito vectors in the presence of insecticides
is considered a detriment to effective mosquito vector control
programs has not been adequately tested (Davidson 1953,
Rawlings and Davidson 1982, Quinones and Suarez 1989,
Ree and Loong 1989). Evidence to the contrary has shown
that excito-repellency and the interference of normal mosquito
behavior caused by toxic residues can actually enhance control
efforts by reducing vector-human contact and thus the risk of
pathogen transmission (Roberts and Andre 1994, Roberts et
al. 2000). Quantitatively, the combined effects of insecticidal
repellency and irritancy can potentially exert the more
dominant and most persistent actions of a chemical on an
insect versus the lethal properties that are more often cited.
For example, in Brazil, the excito-repellency action of DDT
afforded almost complete protection of humans from
Anopheles darlingi residing indoors for nearly two months
following house spraying (Roberts and Alecrim 1991). Long
recognized in importance, the actual amount of study on
mosquito behavior has been inadequate in relation to

insecticide assessment and the impact of behavioral avoidance
on reducing disease transmission (Muirhead-Thomson 1960,
Mattingly 1962).

Studies on the excito-repellency properties of insecticides
have focused almost exclusively on responses of anopheline
mosquitoes (Coosemans and Sales 1977, Pell et al. 1989,
Roberts et al. 2000, Chareonviriyaphap et al. 2001, 2004).
Comparatively, little has been reported on behavioral
responses of Ae. aegypti to toxic compounds (Kennedy 1947,
Moore 1977), and only recently has an excito-repellency
evaluation of Ae. aegypti to a pyrethroid (deltamethrin) been
documented (Kongmee et al. 2004). The behavioral response
of nine different test populations of Ae. aegypti exposed to
deltamethrin was the first to quantify excito-repellency in this
mosquito. As follow-up, the study described herein explored
the same responses in two populations Ae. aegypti to two
pyrethroids under different nutritional and physiological
conditions.

Two types of insect behavioral responses to insecticides
have been defined, namely irritability and repellency
(Davidson 1953, Roberts and Andre 1994, Rutledge et al.
1999). Irritability is described as an insect’s response of
leaving an insecticide-treated surface following physical
contact with the chemical; whereas, repellency refers to a
function of a compound to influence an avoidance response
from a distance without actual physical contact, thereby
diverting insects away from the treated area (Roberts et al.
1997). The mathematical framework and sequence of
behavioral events for understanding repellent, irritant, and
toxic properties of insecticides in relation to mosquito control
has been proposed (Roberts et al. 2000). Others have
suggested behavioral responses and killing functions must be
assessed together using different vectors, insecticides, and
experimental conditions (Chareonviriyaphap et al. 2001,
Sungvornyothin et al. 2001, Kongmee et al. 2004). Behavioral
responses by mosquitoes to insecticides are influenced by a
variety of environmental and biological factors that can be
simulated under controlled experimental conditions (Busvine
1964, Elliott 1964, 1972, Kaschet 1969, Drobozina et al. 1984,
Bondareva et al. 1986, Sungvornyothin et al. 2001).
Physiological and nutritional conditions of mosquitoes have
been reported as key factors influencing escape movement
from insecticide-treated surfaces (Roberts et al. 1984,
Sungvornyothin et al. 2001). Therefore, the design of studies
for accurate measurement of avoidance behavior should
include test conditions that would occur in the natural life
history of the mosquito.

In this study, behavioral responses to deltamethrin and
cypermethrin were compared using mated parous, nulliparous,
early bloodfed, late bloodfed, sugarfed, and unmated cohorts
from Kanchanaburi and Chiangmai regions of Thailand. The
results provide new information on how physiological and
nutritional conditions of mosquitoes can influence avoidance
behavior. Generally, parous, nulliparous, and unmated
mosquitoes demonstrated a far greater irritant escape response
than recently blood or sugarfed mosquitoes. No significant
repellency was observed in any of the test populations,
regardless of physiological states, at the chemical
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concentrations used. This is in agreement with previous
findings on noncontact repellency responses of Ae. aegypti
(Kongmee et al. 2004).

Our study found that the use of parous mosquitoes may
strongly bias behavioral response tests. Given the consistent
response and large percentage of parous females that made a
rapid escape from contact with the surfaces of insecticide-
treated chambers and controls trials, parity appears to confer
greater spontaneous flight activity or sensitivity to test
conditions (physiochemical, physical, and visual cues), some
of which may be unrelated to the presence of insecticide.
Chronological age may have also been a factor in escape
response. Parous mosquitoes were older (8-9 d) than the other
cohorts (2-6 d) at the time of testing.

A variety of factors can influence and regulate insect
behavior. Aedes aegypti is a diurnal species and behavioral
periodicities generally follow a bimodal pattern, entrained
by external environmental oscillations (photic or thermal).
Nevertheless, this mosquito remains generally active
throughout the diel photoperiod. Laboratory rearing
conditions can influence activity patterns dramatically
depending on entrainment by phase-setting cues during larval
development and early adulthood (Taylor and Jones 1969).
Unfortunately, such studies are few but remain critical to a
better understanding of natural behavioral patterns of adult
mosquitoes and disease transmission (Corbet and Smith 1974,
Jones 1981). For example, ambient temperature and humidity
can affect insect behavioral periodicities as either inhibitory
or permissive factors (Muirhead-Thomson 1938). During our
laboratory trials, environmental parameters were maintained
within reasonable ranges so as not to unduly influence
responses.

Hitchcock (1968) classified adult behavior and activity
patterns of mosquitoes at various points following emergence
based on reproductive states. Parous females, for example,
may have activity patterns that are strikingly different from
other biological states in the adult life cycle. The significant
avoidance responses of nulliparous and unmated females
compared to the relative inactivity of pre-gravid and sugarfed
adults may also be driven by endogenously controlled
circadian rhythms or activity related to mating and foraging.
Insemination status did not appear to influence the escape
response in our trials, although others have demonstrated
copulation-induced changes in the patterns of flight activity
periodicities in mosquitoes (Jones 1981). For example,
inseminated, non-bloodfed (nulliparous) females had nearly
complete suppression of flight activity, only recovering
gradually over a period of 7-8 d; whereas, other experiments
observed a more rapid recovery (Taylor and Jones 1969, Jones
1981).

In comparison, there was an obvious reduction in
insecticide escape responses in blood-fed and sugar-fed
cohorts. Irritability responses are greatly suppressed following
a recent blood meal (Hecht et al. 1960, Homan and Eyraud
1961, Roberts et al. 1984, Sungvornyothin et al. 2001);
whereas unfed mosquitoes can show more pronounced irritant
behavior (Qutubuddin 1967). A reluctance to fly from treated
surfaces may be largely the result of the physical burden

(weight) associated with imbibing a full blood meal and the
pre-gravid process of blood digestion and ovarian
development. Jones (1981) observed blood-engorged
mosquitoes with greatly reduced flight activity becoming
active again on the third day when they were gravid. Late
blood-fed mosquitoes used in our study were at an advanced
stage of vitellogensis but not yet fully gravid. The apparent
diminished escape activity seen in sugar-fed mosquitoes may
be a consequence of reduced sensory reception on the receptor
hairs of tarsal segments contaminated with dried sugar solution
(Elliott and Ochoa-Aguirre 1974, Soliman and Cutkomp
2001). Aedes aegypti becomes less active and unresponsive
to resource (host) or environmental cues immediately after
imbibing sugar solution (Jones and Madhukar 1976, Feinsod
and Spielman 1979). The poor escape response and reduction
in spontaneous flight activity in both bloodfed and sugarfed
females are comparable to Anopheles minimus under near
equivalent test conditions (Sungvornyothin et al. 2001).

A high percent mortality was observed with mosquitoes
that remained in cypermethrin- treated chambers, and
particularly so with the Chiangmai strain (Table 3).
Background physiological resistance to cypermethrin and
deltamethrin were dissimilar for both strains, with Chiangmai
exhibiting greater susceptibility to cypermethrin than
Kanchanaburi (40% vs. 15% mortality, respectively), which
may explain the difference in response between strains. This
does not preclude some other factor that may have produced
sufficient contact with treated surfaces to increase mortality
in spite of the high level of resistance seen in susceptibility
tests. Blood meals also appear to have had some protective
value against deltamethrin as mortality in these cohorts was
far less than seen with cypermethrin. In this study, we observed
temperature and humidity may have played significant roles
in escape response and mortality. For Chiangmai, excito-
repellency tests with deltamethrin were generally performed
earlier in the morning hours with lower temperatures (average
27°C) and higher relative humidity (average 75%) compared
to those of cypermethrin (average 32°C and 50% RH), which
may account for the higher mortality seen with cypermethrin.
Many synthetic pyrethroids exhibit significant vapor repellent
activity as temperatures increase (Chareonviriyaphap et al.
1997). For those tests performed at higher temperatures, a
greater percent mortality might be expected.
Epidemiologically, the rapid escape response of older, parous
females is seen as important because this cohort has the
greatest potential for disease transmission. However, despite
an obvious aversion for remaining inside contact and control
chambers, parous exit mortality was amongst the highest seen
in either strain or insecticide tested. High percentage mortality
in the face of excito-repellency has also been documented
with Anopheles quadrimaculatus and DDT (Wilson et al.
1973).

Many chemicals, including organophosphates,
carbamates, and synthetic pyrethroids have long been used in
public health vector control programs (Reiter and Gubler
1997). By 1994, deltamethrin and cypermethrin were in
common use as space sprays in Thailand for controlling
household nuisance and vector mosquitoes, including Ae.
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aegypti (Chareonviriyaphap et al. 1999). Both chemicals
(particularly deltamethrin) have been used to attempt
interruption of mosquito virus transmission in communities
immediately following reports of dengue cases. The need for
more effective residual formulations and application
technology is an area of continued investigation for adult
mosquito control. We strongly encourage others examining
the use of residual insecticides to carefully document the
behavioral responses of Ae. aegypti in the study design.
However, as our investigation clearly shows, careful
consideration must also be given to the nutritional and
physiological conditions of mosquitoes used in the evaluation.

The poor sustainability of Ae. aegypti control methods
in most areas of the world is well documented (Gubler and
Clark 1994, Gubler 1997, Reiter and Gubler 1997).  The
predicable host-seeking activities, indoor resting habits, and
strong predilection to feed on humans inside houses would
presumably cause this species to be more easily controlled
than most other species. However, the strong anthropophagic
and endophilic behavior of Ae. aegypti has presented a huge
challenge to vector control professionals to devise new or
improved methods to effectively reduce mosquito populations
and disease transmission risk (WHO 1999). Residual
insecticides applied indoors using conventional portable ultra-
low-volume devices, mist blowers, and thermal fogging
machines can provide longer lasting control of adult Aedes
(Pant et al. 1974, Sulaiman et al.1993, Reiter and Gubler 1997,
Perich et al. 2001) compared to more conventional methods
using space sprays. Dramatic reductions in the Breteau Index
(number of positive Aedes containers per 100 houses) and
Aedes larval densities were reported following indoor residual
sprays of alphacypermethrin (1.5% S.C.) at 0.02 g/m2 in
Taiwan (Lien et al. 1993), and Pant et al. (1974) reported up
to 7 months of effective residual control of Ae. aegypti indoor
densities using fenitrothion applied by aerosol mist blower.
Former antimalarial campaigns that relied heavily on indoor
residual insecticide applications also documented the dramatic
reduction of Ae. aegypti populations over time (Giglioli 1948,
1954, Brown and Pal 1971).

An understanding of behavioral avoidance by mosquitoes
that can interfere with vector feeding and alter other behavioral
patterns (e.g., oviposition site preference) of adult mosquitoes,
must be considered when assessing the operational effect of
insecticides on dengue suppression, remembering the primary
measure of successful control should be reduction of disease
transmission (case incidence), not simply the quantitative
reduction of vector mosquito densities. Despite over a century
of study, there remains much to understand about the biology
and behavior of Ae. aegypti regarding dengue transmission.
The behavioral responses of mosquito vectors to insecticides
are relevant to a better understanding of the mechanisms that
may influence transmission and support the rationale for
current mosquito control activities and expenditures. We
believe excito-repellency assays should be an integral
component of any evaluation of an insecticide’s full attributes
and potential to abate disease transmission.
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ABSTRACT: Flight behavior studies were carried out from December 2004 through February 2005 at two sites in Thailand 
to compare the movement patterns of Aedes aegypti into and out of experimental huts baited with a human host, dog host, or 
without a host using a mark-release-recapture study design. Studies were conducted in isolated villages of Kanchanaburi and 
Chiang Mai Provinces, Thailand. In the presence of a human host only 4.9% (39/800) of the Ae. aegypti females departed 
the hut as compared to 46.5% (372/800) when a dog was present. There was no significant difference in the numbers of 
Ae. aegypti exiting when comparing dog to no host. A peak in exiting behavior in the absence of any host (human or dog) 
was observed between 1400-1700 h. Ingress behavior was much stronger when a human host was present in the hut with 
the peak of entering occurring in the morning (0830-1130 h) compared to 1000-1200 h without a host. Overall, significant 
differences between the two host types were observed with Ae. aegypti females being more attracted to humans (p< 0.05) 
than dogs. There was no significant difference between numbers of Ae. aegypti entering the hut baited with a dog and the 
hut containing no host source. The experimental hut design used in the present study can serve as a protocol for testing the 
exiting and entering behavior of Ae. aegypti in response to chemical compounds. Journal of Vector Ecology 31 (2): 311-
318. 2006.

Keyword Index: Aedes aegypti, mosquitoes, exiting/entering movement, host type, Thailand.

INTRODUCTION

 Several countries continue to experience endemic and 
re-emerging dengue fever (DF) and dengue hemorrhagic 
fever (DHF) (Gubler 1997). In Thailand, outbreaks of DHF 
were first recognized in Bangkok in 1957 and subsequently 
the disease has expanded throughout the country (Sheparrd 
et al. 1969, Chareonsook et al. 1996). In spite of continued 
vigilance in control measures, dengue cases in Thailand 
recently increased from 2000 to 2004. The reason for this 
increase is unclear but is most likely due to a combination 
of factors including the increase of human and economic 
activities in the urban and semi-urban zones. In addition, 
traditional water storage practices increase the availability 
of breeding sites for Aedes aegypti, a primary vector of DF 
and DHF (Kittayapong and Strickman 1993).  
 Aedes aegypti, a day biting mosquito, is highly 
anthropophilic and often resides in and near human 
dwellings (Christophers 1960, Yasuno and Tonn 1970, 
Gubler 1997, Thavara et al. 2001). This mosquito has been 
found to be highly adapted to all man-made and natural 
environments and is an extremely efficient vector of 
dengue (Chareonviriyaphap et al. 2003, Vazeille et al. 2003, 
Rodhain and Rosen 1997). Preventive measures for dengue 
rely entirely on vector control, the most effective method 

for reducing disease transmission in urban and semi-urban 
areas of the world (Reiter and Gubler 1997, Pant et al. 1974, 
Perich et al. 2001). Chemical control, however, is becoming 
increasingly difficult due to a number of issues including 
environmental concerns, international bans, adverse health 
effects, and insecticide resistance. For these reasons, a 
renewed effort is underway to identify novel compounds for 
use against the adult stage of this extremely efficient vector 
species. Many investigators have utilized experimental huts 
to study the ingress and egress behaviors of malaria vectors 
in response to insecticides applied to the interior surfaces 
of house walls (Kennedy 1947, Roberts and Alecrim 1991, 
Grieco et al. 2000, Chareonviriyaphap et al. 1997, 2001, 
Roberts et al. 2000). However, there is no standard protocol 
for evaluating test compounds using experimental huts with 
Ae. aegypti mosquitoes. This investigation was the first 
attempt to study the movement patterns of Ae. aegypti using 
a mark-release-recapture design and experimental huts 
baited with different host types; human, dog, and no host. 
The objectives of this study were to describe the movement 
patterns of Ae. aegypti into and out of experimental huts in 
response to different host stimuli and determine the relative 
attractiveness of huts baited with human hosts, dog hosts, 
or no hosts to blood-seeking females.
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MATERIALS AND METHODS

Study sites
 Two study sites located in Chiang Mai and Kanchanaburi 
were selected based on the criteria of high adult densities 
of Ae. aegypti and no recent evidence of local dengue 
transmission (Figure 1). Before beginning the study, both 
sites were mapped using a hand-held global positioning 
system (GPS) unit (Garmin International Inc., Olathe, KS) 
to ensure no indigenous homes were located within an 800 
m diameter buffer zone around the experimental huts. Due 
to the short flight distance of this species (Harrington et al. 
2005, Tsuda et al. 2001), this design reduced the potential 
for released Ae. aegypti flying to occupied homes.  The 
first study site was located in Pu Teuy Village, TriYok 
District, Kanchanaburi Province (14°17’ N, 99°11 E) and is 
approximately 100 km northwest of Bangkok. The second 
study site was located in Pang Mai Deang Village, Mae 
Taeng District, Chiang Mai Province (14°18 N, 98°12 E) 
which is located approximately 60 km north of Chiang 
Mai.  At each study site, two identical experimental huts 
were positioned 100 m apart in an isolated area surrounded 
primarily by mountainous terrain and agricultural fields. All 
experimental huts had three windows and one door which 
could be affixed with window and door traps.

Mosquito populations
 Two Ae. aegypti populations, Kanchanaburi and Chiang 
Mai,  were collected as larvae and pupae at the villages 
from which the studies were conducted in September 2004. 
After the initial collection, weekly Aedes collections were 
undertaken to maintain a natural (i.e., field-based) genetic 
flow into the laboratory reared population. The colonies 
were maintained in the insectary at the Department of 
Entomology, Kasetsart University, Bangkok, and in the 
Office of Disease Control No. 10, Ministry of Public Health, 
Chiang Mai, Thailand. 

Mosquito rearing and conditioning 
 Both Ae. aegypti colonies were reared following the 
method of Chareonviriyaphap et al. (1997). All life stages 
were maintained under controlled conditions (25+5° C and 
80+10% relative humidity). Adults were maintained in 30 
x 30 x 30 cm screened cages and were provided cotton 
pads soaked with a 10% sugar solution from the day of 
emergence. Female mosquitoes were provided a hamster 
blood meal on the fourth day post-emergence.  Two days 
post blood feeding, oviposition dishes with filter paper were 
placed in the cage with the gravid females for collecting 
eggs.

Experimental huts 
 Four experimental huts were used in the study. Two 
huts were constructed at the Kanchanaburi field site and the 
other two were built at the Chiang Mai study site. All huts 
were constructed with identical materials and design. Hut 
walls were made from wood planks and the roof from zinc 
panels. The dimensions of the huts were 4 x 5 x 4 m with 

three movable entrance traps (window) and one exit trap 
(door). Entrance window traps were moved forward and 
backward during the observation period by sliding them on 
an aluminum support platform. Exit trap was affixed to the 
door of the experimental hut only when the exiting behavior 
was performed. Details for both hut construction and trap 
design have been published previously (Achee et al. 2005, 
Chareonviriyaphap et al. 2005).

Mosquito marking and release 
 Only the F1 adult generation was used in the study. 
At each site, two groups of 100 3 to 5-day-old non-blood-
fed females were marked with a unique color of fluorescent 
dye following the method of Tsuda et al. (2001). Marked 
specimens were sugar-starved for 24 h, maintained in 
containers, and provided with water-soaked cotton pads until 
the time of release. Released populations were transferred 
to the field sites in Styrofoam ice chests. For the exiting 
behavior studies, marked females were released inside both 
huts 1 h prior to the start of the collection. For entering 
behavior studies, 100 marked mosquitoes were released 10 
m outside of each hut. All mosquitoes were released at 0500 
h and recapture collections were performed from 0600 to 
1800 h. The study was carried out from December 2004 to 
February 2005.

Recapture collection 
 All experiments were replicated two times at each hut 
and at each location. In the presence of a host, the human 
or dog was placed under a mosquito net to protect them 
from biting mosquitoes. Exit and entrance traps were 
sampled at 20 min intervals by three collectors per hut 
during a 12-h collection period (0600-1800 h). Mosquitoes 
collected from the traps were placed into holding cages 
labeled with the location and time of collection. To control 
for collector bias, collectors were rotated between huts 
every 6 h. All mosquitoes from the traps were examined 
for fluorescent marking using UV illumination under a 
dissecting microscope. When mosquitoes were released 
inside the hut, backpack aspiration of the interior of the huts 
was performed at the end of each 12 h collection period to 
ensure that all remaining mosquitoes were recaptured to be 
ready for the next experiment.

Data analysis 
 Mean numbers of recaptured mosquitoes were analyzed 
by a three-way analysis of variance (ANOVA) with three 
types of host designs with two huts nested within each 
type.  Location served as a block. Fisher’s Least Significant 
Differences (LSD) was used to compare the difference in 
ingress and egress movement by host.  All analyses were 
performed using SPSS 12.0 version (SPSS 2003, Cary, NC, 
U.S.A.).  The discriminating level for all significance tests 
was 0.05%.
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RESULTS

 Numbers of Ae. aegypti females recaptured from 
entrance and exit traps from both study sites are presented 
in Tables 1 and 2, respectively. Between field sites there 
were no statistical differences in the total numbers of 
recaptured females exiting (F3=0.692; P=0.569) and 
entering (F3=1.178; P=0.348) the huts. Therefore, data 
from both study locations were pooled for further analysis. 
Differences were found in the number of Ae. aegypti 
exiting the hut (F2=31.588; P=0.000) and in the entrance 
traps (F2=8.447; P=0.003) when comparing the three host 
conditions. The number of Ae. aegypti recaptured from 
entrance traps when baited with a human host (166) was 
greater than dog-baited huts (87; P=0.006) or huts with 
no host (69; P=0.001). There was no difference in total 
number of recaptured females collected from entrance traps 
affixed to huts containing a dog host (87) or an empty hut 
(69; P=0.448) (Table1). Overall, 20.8% of females were 
recaptured in the entrance traps in the presence of a human 
host, whereas only 10.9% and 8.6% were recaptured in the 
entrance traps when a dog or no host was used, respectively 
(Table 1).
 Analyses of exit trap collections indicate there was a 
significant increase in the number of Ae. aegypti exiting 
the huts when a dog host (372) was present compared 
to a human host (39; P<0.001). However, there was no 
difference between the numbers recaptured in exit traps 
affixed to huts containing a dog host (372) compared to 
an empty hut (364; P=0.983). Overall, only 4.9% of Ae. 
aegypti females departed a hut when a human served as a 
host compared to 46.5% and 45.5% with dog-baited or no 
host inside the huts, respectively (Table 2).
 Time trends for entering Ae. aegypti was also evaluated 
in response to the three different host conditions (Figure 2). 
The average number of females entering the hut was highest 
at each collection hour when a human host was present; 
although, the time when marked females began entering 
the hut (0700 h) was the same as when a dog was present. 
When no host was present, marked females did not begin 
to enter the hut until 1000 h, three hours later than when a 
vertebrate host, dog or human, was available.  Additionally, 
the peak time of recapture (1100 h) was similar between 
huts containing a dog or no host.
 Time trends of exiting behavior indicated minimum 
exiting during the entire collection period when a human 
host was inside the hut compared to when a dog or no host 
were present (Figure 3). Even though the total numbers 
exiting the hut were highest when a host was absent, the 
time period when females began to exit from the hut (1100 
h) was similar as when a dog host was present. The peak 
time of exiting was the same whether a dog or no host was 
present.

DISCUSSION

 A mark-release-recapture study design was used in 
conjunction with an experimental hut fitted with entrance 

and exit traps to evaluate the relative attractiveness and 
flight response of Aedes aegypti to different host types.  In 
this study, Ae. aegypti exhibited a higher attraction for huts 
containing human hosts compared to huts with either dogs 
or no host.  Huts baited with dogs or without a host resulted 
in significantly fewer mosquitoes moving into the hut 
compared to when a human host was present.  Huts baited 
with a dog were no more attractive to host-seeking female 
Ae. aegypti than huts containing no host at all.  In addition, 
the majority of Ae. aegypti females remained in the hut as 
long as there was a human present.  This is a clear indication 
that as hosts, dogs are not as attractive as humans. This is 
not surprising considering this species’ natural history 
shows it to be highly anthropophilic.  Previous studies on 
host preference suggested that Ae. aegypti is more likely 
to feed on human blood even when other animal hosts are 
freely available (Xue et al. 1995, Harrington et al. 2001, 
Polawat and Harrington 2005, Christophers 1960, Chow 
et al. 1993, Edman et al. 1992, Templis 1975, Scott et al. 
1993, 2000). 
 The time at which marked Ae. aegypti began to 
enter the hut when a host was present, dog or human, 
was approximately 3 h post-release, nearly 2 h earlier 
than when there was no host present in the hut. This is 
clearly a reflection of Ae. aegypti’s strong endophagic 
behavior. In addition, the complex interaction of host 
factors, as well as the physiological and nutritional status 
of the host-seeking female mosquito, may influence the 
entering flight behavior of Ae. aegypti. The movement of 
mosquitoes into the hut when a host was not present was 
most likely due to environmental pressures of the outdoor 
environment and the desire to seek shelter. When the 
outdoor environment experiences an increase in ambient 
temperature accompanied by a decrease in humidity during 
the increasing late morning hours, this appears to force 
female Ae. aegypti to seek suitable resting sites inside the 
protective environment of the hut.
 In this study, the movement patterns for natural 
populations of Ae. aegypti into and out of huts in the 
presence of a human host are similar to those reported by 
Chareonviriyaphap et al. (2005). However, the exiting trend 
in this present study is slightly different from our previous 
observations. One of the major factors was likely the result 
of environmental pressure, especially increasing outdoor 
temperatures. The study by Chareonviriyaphap et al. (2005) 
was conducted mostly during the rainy period, whereas the 
current study was done mostly during the seasonably dry 
and cooler period of the year. The effect of temperature 
on movement patterns of Ae. aegypti will be under further 
investigation.
 Previous research has suggested that residual 
insecticides applied indoors can provide longer-lasting 
control of adult Aedes (Sulaiman et al. 1993, Reiter and 
Gubler 1997).  Malaria control programs that have relied 
heavily on the application of indoor residual insecticides 
have also documented a significant reduction in Ae. aegypti 
populations (Giglioli 1948). Studies with anopheline 
vectors have documented this reduction to be partially 
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Figure 1.  Map of Thailand indicating study sites, Kanchanaburi  and Chiang Mai.

Figure 2. Time of entry of marked Aedes aegypti females into experimental huts during a 12 h sampling period.
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Table 1. Number of marked Ae. aegypti females recaptured from entrance traps during two days of collections in the 
presence and absence of hosts. 

Sites Huts/
Replicates

Human host Dog host No host

Number
Released

Recaptured in 
traps1

Number
Released

Recaptured in 
traps1

Number
Released

Recaptured in 
traps1

CM

1
2

100
100

24
20

100
100

9
18

100
100

10
14

1
2

100
100

32
22

100
100

10
12

100
100

12
11

Total (%) 400 98 (24.5) a2 400 49 (12.3) b2 400 47 (11.8) b2

Kan

1
2

100
100

2
15

100
100

6
8

100
100

5
6

1
2

100
100

23
28

100
100

6
18

100
100

3
8

Total (%) 400 68 (17 ) a2 400 38 (9.5) b2 400 22 (5.5) b2

Total 800 166 (20.8 ) a2 800 87 (10.9) b2 800 69 (8.6) b2

CM: Chiang Mai; Kan: Kanchanaburi.
13 traps on windows. 2The same lowercase letter designates no significant difference at p < 0.05.

Table 2.  Number of marked Ae. aegypti females recaptured from an exit trap affixed to the door of experimental huts during 
two days of collections in the presence and absence of hosts.

Sites Huts/
Replicates

Human host Dog host No host
Number
Released

Recaptured 
in traps1 

Number
Released

Recaptured in 
traps1

Number
Released

Recaptured in 
traps1

CM

1
2

100
 100

3
17

100
100

49
67

100
100

43
33

1
2

100
100

0
4

100
100

35
34

100
100

22
25

Total (%) 400 24 (6) a2 400 185 (46.3) b2 400 123 (30.8) b2

Kan

1
2

100
100

8
7

100
100

56
40

100
100

59
59

1
2

100
100

0
0

100
100

30
61

100
100

70
53

Total (%) 400 15 (3.8) a2 400 187 (46.8) b2 400 241 (60.3) b2

Total (%) 800 39 (4.9) a2 800 372 (46.5) b2 800 364 (45.5) b2

CM: Chiang Mai, Kan: Kanchanaburi.
1One trap on door.
2The same lowercase letter designates no significant difference at p < 0.05.
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due to the repellent and irritant actions of the chemicals 
influencing mosquito avoidance behavior (Grieco et al. 
2000). For this reason, it is critical to access the potential 
behavioral modifying effects these compounds have on Ae. 
aegypti populations. The results of this study suggest that 
in order to more accurately access the behavioral responses 
to compounds, studies should place humans in sprayed huts 
to serve as attractive bait. This information will be useful 
for designing future studies examining the exiting and 
entering behaviors of Ae. aegypti in response to chemical 
compounds.  Use of indoor residual spray with various test 
compounds, concentrations, and formulations in the attempt 
to reduce dengue transmission will be the subject of further 
study. 
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The behavioral responses to insecticides by mosquitoes
are important components of a chemical’s overall effectiveness
in reducing human-vector contact and should be carefully
evaluated to understand the primary mechanisms involved in
controlling vector activity and disease transmission. Excito-
repellency (ER) responses of mosquitoes, divided into contact
irritancy and noncontact repellency to chemicals (Roberts et
al. 1997), have been evaluated in a number of ways. One of
the first methods was developed by the World Health
Organization using plywood to construct an ER test box that
measured the irritant effect of insecticides on mosquitoes,
followed by studies using various modifications of the WHO
test design (Bondareva et al. 1986, Ree and Loong 1989, Pell
et al. 1989, Quinones and Suarez 1989). Rachou et al. (1966)
developed a plywood experimental box for testing the escape
responses of Anopheles albimanus to DDT, and a similar test
system was also used to observe the behavioral responses of
Anopheles darlingi to DDT exposure (Charlwood and
Paraluppi 1978). Roberts et al. (1984) developed a collapsible
excito-repellency test box for field testing of An. darlingi
against DDT. Years later, a light proof test chamber was
developed to study the behavioral responses of Anopheles
gambiae to several test compounds (Evans 1993).

Because of the inherent complexities of accurately
measuring excito-repellency in mosquitoes, no one test method
had been widely accepted as a standard for conducting assays,
data gathering, analysis, and interpretation (Brown 1964,
Roberts et al. 1984).  Improvement came when an
experimental escape chamber system was developed that
could distinguish irritancy and repellency (Roberts et al.
1997). This test system was first used to study the avoidance
behavior of An. albimanus to DDT and synthetic pyrethroids
in Central America (Chareonviriyaphap et al. 1997). However,
it proved to be somewhat cumbersome and required extended
time to set up and attach test papers (treated and untreated)
on the inside walls of the chambers. Soon afterwards, another
version of the excito-repellency test chamber was devised to
help alleviate some the burdens associated with the previous
test design (Chareonviriyaphap and Aum-Aung 2000,
Chareonviriyaphap et al. 2002) and proved valuable in the
evaluation of behavioral responses by several laboratory and
field populations of mosquitoes in Thailand and Indonesia

(Chareonviriyaphap et al. 2001, 2004, Sungvornyothin et al.
2001, Kongmee et al. 2004, Potikasikorn et al. 2005,
Chareonviriyaphap et al. 2006). Unlike previous “fixed”
construction designs, the new chamber system was a
collapsible device for easier transport to the field, and it also
greatly reduced the time required to attach the test papers
between test trials. However, this system was still cumbersome
and required a minimum of two investigators to observe and
record data during the 30-min testing period. The test design
also required a relatively high number of mosquitoes (25 per
test chamber), at times an impractical demand under field
conditions. Recently, an assay for evaluating excito-repellency
and toxicity in adult mosquitoes was developed (Grieco et al.
2006); but it was not designed as a field-adaptable apparatus.
To help overcome this frequent problem when conducting
field studies, a more compatible design has evolved. For the
device described here, two major modifications from previous
models were made: a substantial reduction in the size of the
test box and the use of an electronic sensor for automated
counting of mosquitoes as they escaped from the test chamber
through the opening gate into the external holding cage (Figure
1).

The fundamental structural design of the new ER chamber
(1) remains similar to the previous version (Chareonviriyaphap
et al. 2002). The main supporting structure is fabricated using
stainless steel, each side wall measuring 23 x 23 cm2 in size.
The chamber walls have an aluminum side tongue and groove
configuration on joining ends that makes it easier and faster
to set up and disassemble for transportation and storage. The
frame of the inner chamber is constructed of 22.5 x 19 cm
stainless steal beams, which include metal holders for securing
test papers on either of two sides for the dual purpose of either
providing contact or noncontact exposure designs. For
noncontact tests, a thin sheet of fine mesh iron screening
secured on the opposite side of the test paper allows for a 1.5
cm gap that prevents mosquito tarsal contact with the test
paper. A PlexiglasTM panel at the rear of the chamber is
equipped with a 11.5 cm diameter hole sealed with overlapping
dental dam, allowing test specimens to be either inserted or
removed from the inside of the chamber while minimizing
accidental escape during handling. There is a forward exit
portal (13.5 cm x 2 cm) connected to a funnel projecting from
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the box with an electronic sensing device affixed at the point
of the exit portal.

The photoelectric sensor (FX-301, SUNX Limited, Aichi,
Japan) (Figure 1, #2) detects and counts escaping mosquitoes,
automatically recording any flying object < 0.1 mm in size
without requiring physical contact. The sensor has two
operation mode switches (#3), a jog switch, and a MODE
key required for operating the system. The MODE key
operates the “mode selection” and “mode cancel” functions,
while the jog switch selects the desired numerical values
available for each mode. To record data during the observation

period, the DATA Logger CL123 (#5) is connected to the
photoelectric sensor and records values at three signal
channels, one analog and two digital. The DATA Logger
CL123 is a small, battery-operated device (#4) with software
to record and transfer data in tabular and graphic form to the
computer system (#6). The entire system can be programmed
to record escaping mosquitoes at 30 s-intervals until test
completion (30 min). The previous recording interval with
human observation was set at 1-min periods.

This improved system provides distinct advantages over
the previous version as it can accurately and automatically
count and record escaping mosquitoes, thereby eliminating
error by human observation alone while also preventing any
possible confounding factors or bias produced by human
attractant/stimulant cues (e.g., carbon-dioxide, odor, body
heat) that could influence test results.  The reduction in size
of the device also makes it easier to transport to and from the
field.

This improved excito-repellency device has been used
to measure the behavioral responses of a field population of
Aedes aegypti from Bangkok to single standard operational
field concentrations of 0.02 g/m2 of deltamethrin. Assay results
revealed that test mosquito populations quickly departed
chambers, indicating strong irritancy following direct contact
with deltamethrin (Figure 2).  As in previous studies, a
complete test trial consists of four chambers, two treated with
insecticides (one for contact, the other for noncontact) and
two paired control (without treatment) chambers, respectively.
However, we have reduced the number of unfed female
mosquitoes required for each chamber from 25 to 15, a 40%
reduction per trial, while retaining the statistical accuracy of
the analysis (Roberts et al. 1997). This improved test chamber
provides a highly reliable and objective record of the precise

1. Excito-Repellency Chamber 
2. Photoelectric sensor 
3. Operation mode 
4. Battery 
5. DATA Logger CL123
6. Computer system6
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Figure 1.  Automated excito-repellency test system.
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time interval when mosquitoes exit the test chambers. The
design retains the ability to be easily transported to the field
and, together with a substantial reduction in the previous
number of mosquitoes required per test and the automated
counting of exiting mosquitoes using a photoelectric sensor,
allows greater flexibility to conduct excito-repellency tests.
This automated detection system is easy to operate and
eliminates human observer error.
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ABSTRACT: The trophic behavior and host preference of two sibling species, Anopheles minimus s.s. (= An. minimus 
species A) and species C, were observed during a two-year period at Pu Teuy Village, Sai Yok District, Kanchanaburi 
Province, western Thailand. Anopheles minimus s.s. and species C were more prevalent during the hot and wet periods 
of the year. Both species demonstrated exophagic and zoophilic activities. Feeding activity of An. minimus C was unique 
compared to An. minimus sensu lato from other localities in Thailand. Outdoor blood feeding by An. minimus C occurred 
throughout the night with one distinct feeding peak immediately after sunset (1800 h), whereas indoor feeding showed two 
small peaks at 2000 and 2400 h. The small number of An. minimus s.s collected during this study precluded a determination 
of peak activity patterns. A better understanding of mosquito behavior related to host and patterns of feeding activity will 
facilitate and improve the efficiency of vector control operations. Journal of Vector Ecology 31 (2): 252-261. 2006.

Keyword Index: Anopheles minimus, species complex, sibling species, trophic behavior, bionomics, Thailand.

INTRODUCTION

 Malaria remains the most significant vector-borne 
parasitic disease in the tropical and subtropical world. In 
Thailand, in spite of decades of well-organized malaria 
control activities, the burden of malaria still exists over 
much of the country. Malaria is particularly prevalent in 
the poorest of rural areas, especially along the national 
borders with eastern Myanmar, western Cambodia, and 
northern Malaysia (Chareonviriyaphap et al. 2000). These 
areas remain vulnerable to malaria transmission because 
of uncontrolled tribal population movement and political 
unrest. In many malaria endemic areas, Anopheles minimus, 
a mosquito common along the forest fringe zone, is an 
important malaria vector (Harrison 1980, Green et al. 1990, 
Chareonviriyaphap et al. 2000, Potikasikorn et al. 2005).
 The Anopheles minimus complex, Theobald 1901, 
is currently composed of three sibling species in which 
two, An. minimus s.s. (= An. minimus species A) and An. 
minimus species C, are distributed in sympatry on the Asian 
mainland (Harbach 2004, Garros et al. 2006, Harbach et 
al. 2006). By definition, these species are difficult to 
accurately differentiate based on morphological characters 
(Rattanirithikul and Panthusiri 1994, Harrison 1980). An. 
minimus s.s. is the predominant species found throughout 
most of Thailand, whereas species C appears confined 
along the western Thai-Myanmar border, most notably in 
Kanchanaburi Province (Sucharit et al. 1988, Green et al. 

1990, Garros et al. 2006). Several other putative species 
have been reported in Thailand, species D and n°157 
(Sharpe et al. 1999), but information is lacking on the 
specific taxonomic status of these entities. Besides, it seems 
that species D is a chromosomal variant of An. minimus s.s. 
(Baimai, personal communication). 
 A better understanding of the biology and behavior of 
sibling species is critically important to help identify their 
respective role in disease transmission. Such information 
helps to define vector capacity, relative risk for disease 
transmission, and assists in the design of appropriate vector 
prevention and control strategies. Despite the existence in 
the literature of wing characteristics that could separate An. 
minimus s.s. from species C, recent rigorous studies have 
shown that morphological identification of the two sibling 
species of the Minimus Complex is not reliable and can lead 
to nearly 40% of misidentifications (Sungvornyothin et al. 
2006, Jaichapor et al. 2005). Isoenzymes have served as the 
gold standard to separate the two sympatric species of the 
complex (Green 1990), however, this technique requires 
fresh or frozen specimens, and the complete destruction 
of the specimen makes impossible further studies such as 
sporozoite detection. More recently, molecular assays based 
on Polymerase Chain Reaction (PCR) were developed 
to identify An. minimus s.s. and species C, as well as the 
closely related sympatric species (Sharpe et al. 1999, Van 
Bortel et al. 1999, Kengne et al. 2001, Phuc et al. 2003, 
Garros et al. 2004a, b). The two Allele-Specific (AS)-PCR 
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assays were developed (Phuc et al. 2003, Garros et al. 
2004b) for distinguishing through an easy, one-shot PCR, 
An. minimus s.s, species C, and three sympatric species, An. 
aconitus, An. varuna, and An. pampanai. 
 Recent studies on behavioral differences between An. 
minimus s.s. and C in northern Vietnam have shown that 
in sympatry, zoophilic behavior was pronounced for both 
species but species C was more exophagic and exophilic than 
An. minimus s.s. (Van Bortel et al. 1999, Trung et al. 2005). 
In non-sympatric situations, a wide range of behavior was 
observed for An. minimus s.s., leading to the conclusion that 
this species may exhibit high behavioral heterogeneities. 
In Thailand, An. minimus s.s. and C occur in sympatry in 
limited areas but few investigations have been conducted 
on each sibling species regarding feeding activity, resting 
behaviors, host preference (degree of anthropophily), and 
other bionomical factors that may influence their vector 
capacities. Rwegoshora et al. (2002) reported biting activity 
of An. minimus s.s. and species C in relation to seasonal 
climatic variations during the year and demonstrated greater 
outdoor feeding activity of species C. However, their study 
was based only on morphological identification of species 
with the high probability of misidentifications, and biting 
activity was not observed throughout  the entire night (dusk 
to dawn). Recently, night-biting activity of An. minimus s.l. 
was also reported from Kanchanaburi Province, but these 
observations did not distinguish between species A and C 
(Chareonviriyaphap at al. 2003). Therefore, the aim of this 
work was to describe by using a molecular identification 
assay, the trophic behavior, biting activity, and seasonal 
abundance of the two sibling species of the Minimus 
Complex in western Thailand over a two-year period. 

MATERIALS AND METHODS

Study area
 The study was conducted in Pu Teuy, a village located in 
Sai Yok District, Kanchanaburi Province, western Thailand 
(14° 17’N, 99° 1’E). The rural site is located in mountainous 
terrain mostly surrounded by intact forest (Figure 1). 
The main water body near the collection site is a narrow, 
slow running stream, bordered with native vegetation 
(Chareonviriyaphap et al. 2003). This stream represents 
the main larval habitat for An. minimus s.l. (Kengluecha et 
al. 2005). Indoor residual spraying (IRS) using DDT had 
occurred routinely in this area for approximately 60 years 
(1940-2000), however, DDT was replaced by deltamethrin, 
a synthetic pyrethroid, in 2000. IRS was discontinued in the 
area during the course of our investigation.

Mosquito collections
 Adult female mosquitoes were collected during 
three consecutive nights each month for two years, from 
February 2004 to January 2006. Three collection methods, 
indoor human-landing (HLI), outdoor human-landing 
(HLO), and cattle-bait collections (CBC), were used. The 
indoor/outdoor human-landing collectors were divided into 

two teams of four persons each. The first team worked from 
1800 to 2400 h followed by the second team beginning at 
midnight to 0600 h. Human-landing collections occurred 
for 45 min each hour. Cattle bait collections was conducted 
by two collectors for 15 min each hour. Additional details 
on human landing collection methods are available in 
previous work (Chareonviriyaphap et al. 2003). Collected 
mosquitoes were retained in plastic cups labeled by hour 
and site of collection and covered with netting and cotton 
soaked with a 10% sugar solution placed at the top of 
the netting. Mosquitoes were returned to the laboratory 
for morphological identification the following morning. 
Hourly ambient outdoor temperatures and relative humidity 
were recorded at site. Rainfall data was obtained from 
the local Sai Yok District meteorological station located 
approximately 5 km from the study site.

Morphological and molecular species identification
 Mosquito species were identified using the 
morphological keys of Peyton and Scanlon (1966) 
and Rattanarithikul and Panthusiri (1994). Following 
morphological identification, molecular identifications 
were performed using the multiplex AS-PCR assay of 
Garros et al. (2004b). Genomic DNA was extracted from 

Figure 1.  Study site of Pu Teuy Village, Kanchanaburi 
Province, west Thailand.
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Month An. minimus s.s.
No.             %

An. minimus  C
No.             %

An.  dirus s.l.
No.            %

An. maculatus s.s.
No.               % Total

Year 1
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan

46 
15              

7          
21           
28              
21              

8               
4               
3                
7                

15              
9              

11.9
6.9

12.3
6.0
4.3
4.5
6.4
3.9
3.8
4.1
6.8
4.1

335
192

46  
215
256
150

63  
39  
61  

132
195
206

86.6
88.6
80.7
66.4
39.0
32.0
50.4
38.2
77.2
78.1
88.2
94.9

1 
0
3

47
139

42
38
47

8
1
0
0

0.3
0.0
5.3

13.4
21.2

9.0
30.4
46.1
10.1

0.6
0.0
0.0

5 
9
1

50
233
256

16
12

7
29
11
2

1.3
4.2
1.8

14.2
35.5
54.6
12.8
11.8
8.9

17.2
5.0
0.9

387
216
57

333
656
469
125
102
79

169
221
217

Year 2
Feb
Mar
Apr   
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan

16
20
20
13
19

3
3  
6

13
22

9
13

6.9         
3.7           
3.7           
5.7           
3.2           
2.3           
0.7           
4.8            
5.3            
7.1           
4.5            
5.7    

214  
513  
444  
178  
380  

45    
97    
44    

156  
263  
218  
216  

93.1
95.6
78.2
83.5
65.2
34.4
25.4
35.5
64.8
92.6
95.5
94.3

0
0
0
5

63
47
79
74
73

1
0
0

0.0
0.0
0.0
2.3

10.7
35.8
19.5
59.7
29.9

0.3
0.0
0.0

0    
4    
2    

18  
123

36  
221

0    
0    
0    
0    
0    

0.0
0.7
0.1
8.5

20.9
27.5
54.4

0.0
0.0
0.0
0.0
0.0

230
537
466
214
585
131
400
124
242
286
227
229

Total 341 5.6 4658 76.7 668 11.0 1035 6.7 6702
Frequency per complex

Total 4999 74.6% 10.0% 15.4%

Table 1. Monthly frequency of Anopheles mosquitoes at Pu Teuy, Sai Yok District, Kanchanaburi Province, for two years 
(February 2004-January 2006).
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Indoor Outdoor Cattle bait

Month*
An. 

minimus 
s.s

Species 
C

% 
Species 

C

An. 
minimus 

s.s

Species 
C

% 
Species 

C

An. 
minimus 

s.s

Species 
C

% 
Species 

C

Year 1
 Feb
 Mar
 Apr
 May
 Jun
 Jul
 Aug
 Sep
 Oct
 Nov
 Dec
 Jan

1
0
2
2
0
0
2
0
0
0
0
0

3 
12 

8
21

9
10

4
8
0
2
4
1

75.0 
100.0 

80.0 
91.3 

100.0 
100.0 

66.7 
100.0 

0.0 
100.0 
100.0 
100.0 

6 
3 
0 
6 
3 
2 
0 
0 
3 
1 
4 
3

76 
28 

5 
26 
29 
15 
10 

4 
14 
19 
67 
31 

92.7 
90.3

100.0 
81.3 
90.6 
88.2 

100.0 
100.0 

82.4 
95.0 
94.4 
91.2 

39
12

5
13
25
19

6
4
0
6

11
6

256 
152 

33 
168 
218 
125 

49 
27 
47 

111 
124 
174

86.8 
92.7 
86.8 
92.8 
89.7 
86.8 
89.1 
87.1 

100.0 
94.9 
91.8 
96.7 

Year 2
 Feb
 Mar
 Apr
 May
 Jun
 Jul
 Aug
 Sep
 Oct
 Nov
 Dec
 Jan

0
0
0
1
1
0
0
1
0
0
0
0

0
2
1
2

27
2
9
0
4
1
3
1

0.0 
100.0 
100.0 

66.7 
96.4 

100.0 
100.0 

0.0 
100.0 
100.0 
100.0 
100.0 

0 
4 
1 
0 
4 
0 
0 
0 
3 
8 
1 
2 

20 
76 
17 
15 
67 

4 
38 

1 
24 
51 
45 
34 

100.0 
95.0 
94.4 

100.0 
94.4 

100.0 
100.0 
100.0 

88.9 
86.4 
97.8 
94.4 

 

16 
16 
19 
12 
14 

3 
3 
5 

10 
14 

8 
11 

194 
435 
426 
161 
186 

39 
50 
43 

128 
211 
170 
181 

92.4 
96.4 
95.7 
93.1 
93.0 
92.9 
94.3 
89.6 
92.8 
93.8 
95.5 
94.3 

Total 10 134 93.1 54 716 93.0 277 3808 93.2

* Three seasons defined as dry (Dec.-Feb.), hot (March-May), and wet (June-Nov.).

Table 2. Total of monthly captures from three collection methods of Anopheles minimus species A and C.
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whole single adult mosquitoes according to procedures of 
Collins et al. (1987). The AS-PCR was conducted including 
the specific primers of An. minimus s.s. and species C, as 
well as the ones specific to the closely related species An. 
aconitus, An. pampanai, and An. varuna (Figure 2). In a 
volume of 25 μL template, PCR amplification conditions 
were as follows: 2.5 μL of 10x reaction buffer (Qiagen, 
Hilden, GR), 200 μM of each dNTP, 0.16 nmol of each 
primer, 0.5 units of Taq polymerase (Qiagen), and 2 μL of 
DNA template diluted 20 times. PCR cycles included one 
cycle at 94°C for 2 min, followed by 40 cycles at 94°C for 
30 sec, 45°C for 30 sec, and 72°C for 40 sec each, followed 
by an final extension step at 72°C for 5 min. The PCR 
products were subjected to electrophoresis on a 3% agarose 
gel at 100 V for 30 min and stained with ethidium bromide 
(Figure 2).
 
Data analysis
 Seasonal differences based on average ambient 
temperature and precipitation and landing activity over 
hourly intervals during the evening (1800-0600) were 
selected for analysis in human/cattle landing collections. 
Seasons were classified as “dry” (December to February), 
“hot” (March to May), and “wet” (June to November). Time 
intervals were divided into early evening (1800-2100 h), 
late evening (2100-2400 h), pre-dawn (2400-0300 h), and 
dawn (0300-0600 h). Feeding habits and host preferences 
of each An. minimus species were classified as human 
indoor, human outdoor or cattle bait (outdoor). Nocturnal 
feeding cycles were tabulated by averaging the number 
of mosquitoes landing per human per night for indoor 
and outdoor collections and by averaging the number of 
mosquitoes captured per bovid per night. Comparisons 
of landing data were analyzed by a three–way analysis 
of variance (ANOVA), with year as the blocked factor. 
Differences among collection groups were determined by 
the Duncan multiple range test. All data were analyzed 

using SAS program package (SAS Release 6.10, SAS 
Institute, Cary, NC).

RESULTS

 Observations on adult anopheline diversity, captured 
from February 2004 to January 2006 at Pu Teuy Village 
(Figure 1), are presented in Table 1. A total of 6,702 
anophelines was collected during the 24 months of study. 
Members of three different anopheline vector complexes 
were collected throughout the year with the majority 
being An. minimus s.l. (74.6%). Anopheles maculatus 
s.s. and Anopheles dirus s.l., both important malaria 
vectors in Thailand, were collected in smaller proportions, 
representing respectively only 15.4% and 10% of the total 
collected anopheline fauna (Table 1). These two species 
complexes were found to be more abundant during the 
wet season, especially from June to September (Table 
1). Two members of each complex were identified, such 
as An.  sawadwongporni and An.  notanandai for the 
Maculatus Complex,  and An. dirus (former species A) and 
An. baimaii (former species D) for the Dirus Complex. In 
addition, limited numbers of An. barbirostris, An. varuna, 
An. philippinensis, An. karwari, An. vagus, An. nivipes, and 
An. jamesii were also collected (data not shown). 
 Molecular methods identified the two sibling species 
of the Minimus Complex, An. minimus s.s. and species 
C (Figure 2), with a much higher proportion (93.2%) of 
species C all over the two-year period. Table 2 provides the 
monthly distribution of Anopheles minimus s.l. collected by 
the three collection methods during the two-year period. A 
total of 4,999 adult females of An. minimus s.l. was tested, 
in which 4,658 (93.2%) were species C and 341 (6.8%) 
An. minimus s.s. A peak of seasonal abundance from April 
to July was particularly marked for An. minimus C during 
both years and also present for An. minimus s.s. but in 
much reduced proportions (Figure 4). Another smaller peak 
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Figure 2.  Multiplex Allele-Specific PCR assay. Lanes 1, 5, 9, 12-14: An. varuna; lanes 2-4: An. minimus C; lanes 6-8, 
10, 11: An. minimus s.s.; lane 15: T-: negative control; lanes 16-20: Mi: An. minimus s.s.; MiC: An. minimus C; Aco: An. 
aconitus; Pam: An. pampanai; Var: An. varuna; lane 21: 200 bp molecular ladder.
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Figures 3A-C.  Evening blood feeding outdoor and indoor frequencies and host preference of Anopheles minimus s.s. and 
species C.
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of abundance occurred for both species from October to 
December (Figure 4). For An. minimus species C, 81.8% 
(3,808) were captured on cattle, 15.4% (716) by outdoor 
human landing collection, and 2.9% (134) by indoor human 
landing collection (Table 2). Of a total of 341 specimens of 
An. minimus s.s. (species A), 81.2% (277) were captured 
on cattle, 15.8% (54) by outdoor human landing collection, 
and 2.9% (10) by indoor human landing collection (Table 
2). Interestingly, the frequencies per collection method for 
each species were nearly identical. Overall, both species 
were more attracted to cattle than to humans and, in the 
latter case, more outdoors than indoors, regardless of the 
season.
 Landing rates by hour and method for An. minimus 
s.s. and species C are illustrated in Figures 3a-c. Anopheles 
minimus C exceeded An. minimus s.s. in numbers for all 
collection hours, except for occasional early morning 
periods when both species were found in low densities. 
The indoor biting activity of An. minimus C presented two 
peaks, the largest peak around 1900 h and a smaller one 
at 0100 h (Figure 3a). The outdoor human landing activity 
for species C was elevated at the beginning of the capture 
(1800 h), immediately before dusk, reaching a peak around 
1900 h, followed by a drastic decline in activity onwards 
throughout the evening (Figure 3b). Similarly, outdoor cattle 
bait catches showed one prominent peak for An. minimus C 
in the first quarter of the evening (1900-2100 h) followed 
by a decline throughout the night (Figure 3c). Because of 
the low numbers of An. minimus s.s. encountered, both 
indoor and outdoor activity peaks were difficult to discern 
and subject to greater bias (Figures 3a and b). 
 Total mosquitoes landing per hour were used in a 
three-way analysis of variance, with seasons (dry, hot, and 
wet), collection methods (indoors, outdoors, and cattle-
baited) and time intervals (early evening, late evening, 
pre-dawn, and dawn) as discriminating factors. Species 
C varied statistically in mean number landing per hour 
among the three collection methods used (F = 8.95; df = 
1, 11, P = 0.0007). The mean number captured on cattle 
was significantly greater than that of other collection 
methods (P < 0.05). Significant differences in mean number 
captured were observed between human outdoor and indoor 
collections (P < 0.05). Seasonal differences influenced 
mean number of captured mosquitoes, regardless of 
method (F = 15.23; df = 2, 11 P < 0.0001). Hourly means 
were significantly higher in the hot season than in either 
the wet or dry periods of the year (P < 0.05). A significant 
difference in mean number captured by time period was 
seen (F = 12.98; df= 1,11, P = 0.0007), with early evening 
(1800-2100 h) activity predominant (P < 0.05).  
 Data from all collection methods were pooled to 
determine the interaction between environmental factors 
and mosquito abundance. Species C biting activity was 
not correlated with increases in total rainfall and humidity 
(r2 = 0.29, P > 0.05).  Also, correlation between average 
minimum and maximum temperatures and feeding activity 
was not observed (r2 = 0.34, P > 0.05). 

DISCUSSION

 Two sibling species of the Minimus Complex occur in 
Thailand, An. minimus s.s. and species C, which are known 
for their sympatry in Kanchanaburi Province. These two 
sibling species are impossible to accurately distinguish 
based on immature or adult morphological characters, 
which has complicated interpretation of previous findings 
based only on morphological identification (Kengluecha et 
al. 2005). Mosquitoes reported in this study were subjected 
to a multiplex AS-PCR, thus providing accurate species 
identification and describing with reliability the trophic 
behavior, seasonal abundance, and biting activity of An. 
minimus s.s. and species C in the village of Pu Tuey in 
Kanchanaburi Province. 
 Anopheles minimus C represented 93.2% of the An. 
minimus s.l. collected during the two-year period, which 
is consistent with previous observations in the same 
locality based on morphological identifications only. 
Anopheles minimus C was found to comprise 73-95% of 
the An. minimus s.l. captured in Pu Teuy (Green et al. 1990, 
Sucharit et al. 1988), and Rwegoshora et al. (2002) reported 
a species ratio of approximately 3:1 in favor of species C. 
Why this particular environment favors a significantly 
higher frequency of species C in the area is unknown 
but is likely related to local environmental or climatic 
factors that lend a competitive advantage to species C. 
Demographic changes resulting in increased deforestation 
and urbanization are often cited as contributors to 
changes in species distribution. However, our study site 
has remained in a natural environment, thus maintaining 
the same species composition over time. In the past, An. 
minimus s.l. populations have been reduced significantly in 
peninsular and southern Thailand and are also considered 
rare in the central plains of the country (Nutsathapana et al. 
1986). Regular indoor residual spraying (IRS) for malaria 
control has been cited as a way to greatly reduce populations 
(Nutsathapana et al. 1986). This was also observed in the 
Terai and Himalayan foothills of Nepal where An. minimus 
s.l. was once considered the primary vector of hyperendemic 
malaria until DDT residual spraying reportedly eliminated 
the species completely from the area (Haworth 1988). 
Garros et al. (2005) also reported drastic and rapid changes 
in An. minimus s.l. species composition in central Vietnam 
following the introduction of permethrin-treated bednets, 
producing a significant reduction of An. minimus A along 
with the sudden increase of species C.  In Thailand, An. 
minimus s.l. remains abundant in many foothill and forest 
fringe areas of the country, possibly the result of incomplete 
IRS coverage or inherent biological/behavioral differences 
(lower indoor resting and feeding behavior) in adult 
mosquitoes compared to other areas (Chareonviriyaphap 
et al. 2000, 2003, Potikasikorn et al. 2005).  In general, 
there have been fewer environmental changes in foothill 
and forested areas that serve as stable habitats for An. 
minimus populations regardless of degree of IRS coverage. 
Unfortunately, the paucity of information on larval ecology 
of different members in the Minimus complex confounds 
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analysis and does not provide plausible explanations for 
species spatial distribution (Rattanarithikul et al. 1995, 
Kengluecha et al. 2005). Despite an intensive effort of larval 
habitat survey in Kanchanaburi Province, including Sai Yok 
District, Kengluecha et al. (2005) were unable to identify 
key environmental factors associated with An. minimus s.s. 
or species C.  Their results implied that species distribution 
may be more associated with location of habitat rather than 
habitat type.
 Pu Teuy village is considered nearly malaria-free, 
and only a few cases are documented each year. Our 
findings indicated that feeding habits of both species 
present a clear zoophilic behavior as they mainly feed on 
cattle located outside of living structures. In general, such 
feeding behavior, zoophily and exophagy, is considered 
less conducive to efficient and stable malaria transmission. 
Because An. minimus s.l., especially species C, was the 
predominant anopheline in Pu Teuy village during the 
two-year study, the low levels of malaria transmission in 
this area are likely the result of poor vectorial capacity, in 
particular because of the strong zoophilic tendency of both 
species. Actually, An. minimus s.s. is considered a relatively 
more efficient malaria vector than species C based on 
observed differences in host feeding behaviors (Green et al. 
1990, Van Bortel et al. 1999, Trung et al. 2004). However, 
this study confirms that An. minimus s.s. and species C 
exhibited behavioral heterogeneities and are opportunist 
mosquitoes. In any case, the vectorial status of An. minimus 
C remains uncertain and the bionomics of this species 
requires further investigation. A low anthropophilic index 
and a strong tendency towards exophagy is in agreement 
with most studies on feeding behavior of An. minimus s.l. 
in Thailand (Ismail et al. 1978, Harrison 1980, Suthas et 
al. 1986, Rwegoshora et al. 2002, Chareonviriyaphap et al. 
2003).
 In Thailand, biting activity of An. minimus s.l. has 
been studied but never at the specific status. Harbach et al. 
(1987) observed a single biting peak between 2100-2200 
h, whereas Ratanatham et al. (1988) reported two peaks, 
one in the early evening (1900-2200 h) and another before 
dawn (0500-0600 h). Rattanarithikul et al. (1996) found two 
prolonged feeding periods, the first wave occurring from 
1800 to 2300 h, followed by a second wave from midnight 
until the pre-dawn hours. Our results of indoor human 
collections also showed two peaks for species C, similar to 
previous studies. In a sympatric area of northern Vietnam, 
the relative risk of being bitten before 2200 h was higher 
for species C compared to An. minimus s.s., whose peak 
feeding activity occurred after 2200 h (Trung et al. 2005). 
The limited number of An. minimus s.s. collected there did 
not allow an estimation of the feeding activity pattern.
 Our study took advantage of PCR technology to identify 
the species of the Minimus Complex and thus describe 
individual biting cycles and blood-feeding activities. 
This information on the behavior of vector populations is 
crucial to explain the different levels of malaria risk based 
on the species in an area, which is essential for defining 
the most appropriate vector control strategies. A distinct 

biting pattern for species C was observed demonstrating a 
pronounced outdoor activity peak beginning around 1800 
h until 1900 h, followed by a steady decline in landing 
numbers thereafter.  Indoor activity was nearly 6-fold less 
than outdoor human landing counts, showing two modest 
peaks compared to outdoor populations, the largest at 
1900-2000 h and a second, smaller peak around midnight-
0100 h. Timing of indoor counts can be explained by an 
early evening delay in mosquito entry into dwellings 
followed by varying periods of pre-feed resting behavior 
before attacking a host (Roberts et al. 2000). Although we 
witnessed similar behavioral patterns with An. minimus s.s., 
the low numbers of specimens captured in Pu Teuy village 
precluded any definitive statistical descriptions about this 
member of the complex. 
 

Acknowledgments

 We thank the Thailand Research Fund (TRF) and 
Kasetsart University Research and Development Institute 
(KURDI) for financial support.  Special thanks are extended 
to the students of the Department of Entomology, Kasetsart 
University who participated in mosquito collections. 

 
REFERENCES CITED

Chareonviriyaphap, T., M.J. Bangs, and S. Ratanatham. 
2000. Status of malaria in Thailand. Southeast Asian J. 
Trop. Med. Pub. Hlth. 31: 225-237.

Chareonviriyaphap, T., A. Prabaripai, M.J. Bangs, and 
B. Aum-Aung. 2003. Seasonal abundance and blood 
feeding activity of Anopheles minimus Theobald 
(Diptera: Culicidae) in Thailand. J. Med. Entomol. 40: 
876-881.

Collins, F.H., M.A. Mendez, M.O. Rasmussen, P.C. 
Mehaffey, N.J. Besansky and V. Finnerty. 1987. A 
ribosomal RNA gene probe differentiates member 
species of the Anopheles gambiae complex. Am. J. 
Trop. Med. Hyg. 37: 37-41. 

Garros, C., L.L. Koekemoer, L. Kamau, T.S. Awolola, W. Van 
Bortel, M. Coetzee, M. Coosemans, and S. Manguin. 
2004a. Restriction fragment length polymorphism 
method for the identification of major African and 
Asian malaria vectors within the Anopheles funestus 
and An. minimus groups. Am. J. Trop. Med. Hyg. 70: 
260-265. 

Garros, C., L.L. Koekemoer, M, Coetzee, M. Coosemans, 
and S. Manguin. 2004b. 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. 70: 583-590.

Garros, C., R.P. Marchand, N.T. Quang, N.S. Hai, and S. 
Manguin. 2005. First record of Anopheles minimus C 
and significant reduction of An. minimus A in Central 
Vietnam. J. Am. Mosq. Contr. Assoc. 21: 139-143.

Garros, C., W. Van Bortel, H.D. Trung, M. Coosemans, and 
S. Manguin. 2006. Review of the Minimus Complex 



260 Journal of Vector Ecology December 2006

of Anopheles, main malaria vector in Southeast Asia: 
from taxonomic issues to vector control strategies. 
Trop. Med. Int. Hlth. 11: 102-114.

Green, C.A., R.F. Gass, L.E. Munstermann, and V. Baimai. 
1990. Population genetic evidence for two species in 
Anopheles minimus in Thailand. Med. Vet. Entomol.  
4: 25-34.

Harbach, R.E. 2004. The classification of genus Anopheles 
(Diptera: Culicidae): a working hypothesis of 
phylogenetic relationships. Bull. Entomol. Res. 94: 
537-553.

Harbach, R.E., J.B. Gingrich, and L.W. Pang.  1987.  Some 
ecological observations on malaria transmission in a 
remote village in northwestern Thailand. J. Am. Mosq. 
Control Assoc. 3: 296-301.

Harbach, R.E., E. Parkin, B. Chen, and R.K. Butlin. 2006. 
Anopheles (Cellia) minimus Theobald (Diptera: 
Culicidae): neotype designation , characterization, and 
systematics. Proc. Entomol. Soc. Wash. 108: 198-209.

Harrison, B.A. 1980. The Myzomyia Series of Anopheles 
(Cellia) in Thailand, with emphasis on intra-
interspecific variations (Diptera: Culicidae). Medical 
entomology studies-XIII. Contr. Am. Entomol. Inst. 
17: 1-195.

Haworth, J. 1988. The global distribution of malaria and 
the present control effort.  In: W.H. Wernsdorfer and 
I. McGregor (eds.). Malaria: principles and practice 
of malariology, Vol. 2,   pp. 1379-1420. Churchill 
Livingstone, London. 

Ismail, I.A.H., S. Phinichpongse, and P. Boonrasri. 1978. 
Responses of Anopheles minimus to DDT residual 
spraying in a cleared forested foothill area in central 
Thailand. Acta Trop. 35: 69-82.

Jaichapor, B., A. Kengluecha, P. Rongnoparut, L.M. Rueda, 
and R. Sithiprasasna. 2005. Morphological variations 
of Anopheles minimus A in Tak province, Thailand. 
Southeast Asian J. Trop. Med. Hyg. 36: 609-615.

Kengluecha, A., P. Rongnoparut, S. Boonsuepsakul, R. 
Sithiprasasna, P. Rodpradit and V. Baimai. 2005. 
Geographical distribution of Anopheles minimus 
species A and C in western Thailand. J. Vector Ecol. 
30: 225-230. 

Kengne, P., H. D. Trung, V. Baimai, M. Coosemans, and 
S. Manguin. 2001. A multiplex PCR-based method 
derived from Random Amplified Polymorphic DNA 
(RAPD) markers for the identification of species of 
the Anopheles minimus group in Southeast Asia. Insect 
Mol. Biol. 10: 427-435.

Nutsathapana, S., P. Sawasdiwongphorn, V. Chiprarop, and 
J.R. Cullen. 1986.  The behavior of Anopheles minimus 
Theobald (Diptera: Culicidae) subjected to differing 
levels of DDT selection pressure in northern Thailand.  
Bull. Entomol. Res. 76: 303-312.

Peyton, E.L. and J.E. Scanlon. 1966. Illustrated key to the 
female Anopheles mosquitoes of Thailand. Bangkok. 
U.S. Army Medical Component, Southeast Asia Treaty 
Organization.

Phuc, H.K., A.J. Ball, L. Son, N.V. Hanh, N.D. Tu, N.G. 

Lien, A.Verardi, and H. Townson. 2003. Multiplex PCR 
assay for malaria vector Anopheles minimus and four 
related species in the Myzomyia Series from Southeast 
Asia. Med. Vet. Entomol. 17: 423-428.

Potikasikorn, J., T. Chareonviriyaphap, M.J. Bangs, and A. 
Prabaripai. 2005.  Behavioral responses to DDT and 
pyrethroids between Anopheles minimus species A and 
C, malaria vector in Thailand.  Am. J. Trop. Med. Hyg. 
73: 343-349. 

Ratanatham, S., E.S. Upathem, C. Prasittisuk, W. 
Rojanasunan, N. Theerasilp, A.Tremongkol, and V. 
Viyanant. 1988.  Bionomics of Anopheles minimus and 
its role in malaria transmission in Thailand. Southeast 
Asian J. Trop. Med. Publ. Hlth. 19: 283-289.

Rattanarithikul, R. and P. Panthusiri. 1994.  Illustrated keys 
to the medically important mosquitoes of Thailand.  
Southeast Asian J. Trop. Med. Publ. Hlth.  25 (Suppl): 
1-66.

Rattanarithikul, R., C.A. Green, S. Panyim, C. Noigamol, 
S. Chanaimongkol, and P. Mahapibul. 1995. Larval 
habitats of malaria vectors and other Anopheles 
mosquitoes around a transmission focus in northwestern 
Thailand.  J. Am. Mosq. Contr. Assoc. 11: 428-433.

Rattanarithikul, R., E. Konishi, and K.L. Linthicum. 1996. 
Detection of Plasmodium falciparum circumsporozoite 
antigen in anopheline mosquitoes collected in southern 
Thailand.  Am. J. Trop. Med. Hyg. 54: 114-121.

Roberts, D.R., W.D. Alecrim, P. Hshieh, J. Grieco, M.J. 
Bangs, R.G. Andre, and T. Chareonviriyaphap. 2000. 
A probability model of vector behavior: effects of DDT 
repellency, irritability, and toxicity in malaria control.  
J. Vector Ecol.  25: 48-61.  

Rwegoshora, T.R., R.G. Sharpe, K.L. Baisley, and P. 
Kittayapong. 2002. Biting behavior and seasonal 
variation in the abundance of Anopheles minimus 
species A and C.  Southeast Asian J. Trop. Med. Publ. 
Hlth. 33: 694-701.

Sharpe, R.G., M.M. Hims, R.E. Harbach, and R.K. Butlin.  
1999.  Two PCR based methods for identification 
of species of the Anopheles minimus group: allele 
specific amplification and single strand conformation 
polymorphism. Med. Vet. Entomol. 13: 265-273.

Sucharit, S., N. Komalamisra, S. Leemingsawat, C. 
Apiwathnasorn, and S. Thongrungkiat. 1988. 
Population genetic studies on the Anopheles minimus 
complex in Thailand. Southeast Asian J. Trop. Med. 
Publ. Hlth. 19: 717-723. 

Sungvornyothin, S., C. Garros, T. Chareonviryaphap, S. 
Manguin. 2006. How reliable is the humeral pale spot 
for identification of cryptic species of the Minimus 
Complex? J. Am. Mosq. Contr. Assoc. 22: 185-191.

Suthas, N., P. Sawasdiwongphorn, U. Chitprarop, and J.R. 
Cullen. 1986. The behavior of Anopheles minimus 
Theobald (Diptera: Culicidae) subjected to different 
levels of DDT selection pressure in northern Thailand.  
Bull. Entomol. Res. 76: 303-312.

Trung, H.D., W. Van Bortel, W. Sochantha, T. Keokenchanh, 
N.T. Quang, L.D. Cong, and M. Coosemans. 2004. 



Vol. 31, no. 2 Journal of Vector Ecology 261

Malaria transmission and major malaria vectors in 
different geographical areas of southeast Asia. Trop. 
Med. Int. Hlth. 9: 230-237.

Trung, H.D., W. Van Bortel, T. Sochanta, K. Keokenchan, 
O. Briet, and M. Coosemans. 2005. Behavioural 
heterogeneity of Anopheles species in ecologically 
different localities in Southeast Asia: A challenge for 

vector control. Trop. Med. Int. Hlth. 10: 251-262.
Van Bortel, W., H.D. Trung, N.D. Manh, P. Roelants, P. 

Verlé, and M. Coosemans. 1999. Identification of two 
species within the Anopheles minimus complex in 
northern Vietnam and their behavioural divergences. 
Trop. Med. Int. Hlth. 4: 257-265.














