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The behavioral responses to insecticides by mosquitoes
areimportant componentsof achemica’soveral effectiveness
in reducing human-vector contact and should be carefully
evaluated to understand the primary mechanismsinvolvedin
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 mosqguitoes,
followed by studies using various modifications of theWHO
test design (Bondarevaet al. 1986, Reeand Loong 1989, Pell
et al. 1989, Quinones and Suarez 1989). Rachou et al. (1966)
developed aplywood experimental box for testing the escape
responses of Anophelesalbimanusto DDT, and asimilar test
system was al so used to observe the behavioral responses of
Anopheles darlingi to DDT exposure (Charlwood and
Paraluppi 1978). Robertset a. (1984) devel oped acollapsible
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-repel lency in mosguitoes, no onetest method
had been widely accepted asastandard 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). Thistest system wasfirst used to study the avoidance
behavior of An. albimanusto 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)
ontheinsidewallsof 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 a. 2002) and proved vauable in the
evaluation of behavioral responses by several |aboratory 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 a. 2006). Unlike previous “fixed”
construction designs, the new chamber system was a
collapsible device for easier transport to thefield, and it also
greatly reduced the time required to attach the test papers
between test trials. However, thissystemwas <till cumbersome
and required aminimum of two investigatorsto observe and
record data during the 30-min testing period. Thetest design
also required arelatively high number of mosguitoes (25 per
test chamber), at times an impractical demand under field
conditions. Recently, an assay for evaluating excito-repellency
and toxicity in adult mosquitoeswasdeveloped (Griecoet al.
2006); but it was not designed as a field-adaptabl e apparatus.
To help overcome this frequent problem when conducting
field studies, a more compatible design has evolved. For the
device described here, two major modificationsfrom 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 asthey escaped from thetest chamber
through the opening gateinto the external holding cage (Figure
1).

Thefundamentd structural design of the new ER chamber
(2) remainssimilar to the previousversion (Chareonviriyaphap
et al. 2002). The main supporting structureisfabricated using
stainless steel, each side wall measuring 23 x 23 cm?in size.
The chamber walls have an a uminum sidetongue and groove
configuration on joining ends that makes it easier and faster
to set up and disassembl e for transportation and storage. The
frame of the inner chamber is constructed of 22.5 x 19 cm
stainless steal beams, whichinclude metal holdersfor securing
test paperson either of two sidesfor 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 thetest paper allowsfor al.5
cm gap that prevents mosquito tarsal contact with the test
paper. A Plexiglas™ panel at the rear of the chamber is
equipped witha11.5 cm diameter hole seal ed 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 afunnel projecting from
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1. Excito-Repellency Chamber
2. Photoelectric sensor

3. Operation mode

4. Battery

5. DATA Logger CL123

6. Computer system
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Figure 1. Automated excito-repellency test system.

the box with an electronic sensing device affixed at the point
of the exit portal.

The photoel ectric 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
availablefor each mode. To record dataduring 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
CL123isasmall, battery-operated device (#4) with software
to record and transfer datain tabular and graphic formto 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.

Thisimproved system providesdistinct advantages over
the previous version as it can accurately and automatically
count and record escaping mosquitoes, thereby eliminating
error by human observation al one 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 makesit easier to transport to and from the
field.

This improved excito-repellency device has been used
to measure the behavioral responses of afield population of
Aedes aegypti from Bangkok to single standard operational
field concentrations of 0.02 g/m? 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
completetest trial consistsof 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
theanalysis(Robertset al. 1997). Thisimproved test chamber
providesahighly reliable and objective record of the precise
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Figure 2. Behavioral responses of Aedes aegypti exposed to deltamethrin (0.02 g/m?) in contact and noncontact exposures.
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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 photoel ectric sensor,
allows greater flexibility to conduct excito-repellency tests.
This automated detection system is easy to operate and
eliminates human observer error.

Acknowledgments

The authors thank Dr. Michael J. Bangs for the critical
review of this manuscript. This project was funded by the
Thailand Research Fund and the Kasetsart University and
Research Development Institute, Kasetsart University,
Bangkok, Thailand.

REFERENCES CITED

Bondareva, N.L., M.M.Artem’ ev, and GV. Gracheva. 1986.
Susceptibility and irritability caused by insecticides to
malaria mosquitoes in the USSR. Part 1. Anopheles
pulcherrimus. MeditsinskaiaParazitologhal Parazitarnye
Bolezni (Moskva) 6: 52-55.

Brown, A.W.A. 1964. Experimental observations governing
the choice of test method for determining the DDT-
irritability of adult mosqguitoes. Bull. WId. Hlth. Org. 30:
97-111.

Chareonviriyaphap, T., D.R. Roberts, R.G. Andre, H. Harlan,
and M.J. Bangs. 1997. Pesticide avoidance behavior in
Anopheles albimanus Wiedemann. J. Am. Mosg. Contr.
Assoc. 13: 171-183.

Chareonviriyaphap, T. and B. Aum-Aung 2000. Improved
excito-repellency escape chamber for behavioral testson
mosquitoes. Mekong Malaria Forum 5: 82-86.

Chareonviriyaphap, T., S. Sungvornyothin, S. Ratanatham,
and A. Prabaripai. 2001. Pesticide-induced behavioral
responses of Anopheles minimus, a malaria vector in
Thailand. J. Am. Mosqg. Contr. Assoc. 17: 13-22.

Chareonviriyaphap, T., A. Prabaripai, and S. Sungvornyathin.
2002. An improved excito-repellency for mosquito
behavioral test. J. Vector Ecol. 27: 250-252.

Chareonviriyaphap, T., A. Prabaripai, and M.J. Bangs. 2004.
Excito-repellency of deltamethrin onthe malariavectors,
Anopheles minimus, Anopheles dirus, Anopheles
swadiwongpor ni, and Anophelesmaculatus, in Thailand.
J. Am. Mosg. Contr. Assoc. 20: 45-54.

Chareonviriyaphap, T., M. Kongmee, M.J. Bangs, S.
Sathantriphop, V. Meunworn, A. Prabaripai, W.
Suwonkerd, and P. Akratanakul. 2006. Influence of
nutritional and physiological status on behavioral
responses of Aedes aegypti (Diptera: Culicidae) to
deltamethrin and cypermethrin. J. Vector Ecol. 31: 90-
102.

Charlwood, J.D. and N.D. Paraluppi. 1978. The use of excito-
repellency boxes with Anopheles darlingi Root, An.
nuneztovari Gabaldon and Culex pipiens
guinquefasciatus Say, obtained from the areas near
Manaus, Amazonas. ActaAmazonica 8: 605-611.

Evans, R.G 1993. Laboratory evaluation of the irritancy of
bendiocarb, lambdacyhalothrin, and DDT to Anopheles
gambiae. J. Am. Mosg. Contr. Assoc. 9: 285-293.

Grieco, J.P, N.L. Achee, M.R. Sardedlis, K.R. Chauhan, and
D.R. Roberts. 2006. A novel high-throughput screening
system to evaluate the behavioral response of adult
mosquitoesto chemicals. J. Am. Mosg. Contr. Assoc. 22
(in press)

Kongmee, M., A. Prabaripai, P. Akratanakul, M .J. Bangs, and
T. Chareonviriyaphap. 2004. Behavioral responses of
Aedes aegypti (Diptera: Culicidae) exposed to
deltamethrin and possible implications for disease
control. J. Med. Entomol. 41: 1055-1063.

Pell, JK., M.A. Spinne, and K.J. Ward. 1989. Observations
on thebehavior of adult Anophel es gambiae encountering
residual deposits of lambda-cyhalothrin compared with
the ather major classes, p. 18. In: Proceedings, 4th Annual
Conference of the Society for Vector Ecology, European
Region, Society for Vector Ecology, SantaAna, CA.

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

Quinones, M.L. and M.F. Suarez. 1989. Irritability to DDT
of natural populations of the primary malaria vectorsin
Colombia. J. Am. Mosg. Contr. Assoc. 5: 56-59.

Rachou, R.G, M.M. Lima, J.P. Duret and JA. Kerr. 1966.
Experienceswith the excito-repellency test box—model
ops. Rev. Bras. Malariol. Doencas. Trop. 18: 755-761.

Ree, H.I. and K.P. Loong. 1989. Irritability of Anopheles
farauti, Anopheles maculatus, and Culex
quinquefasciatus to permethrin. Japn. J. San. Zooal. 40:
47-51.

Roberts, D.R., W.D. Alecrim, A.M. Tavares, and K.M.
McNeil. 1984. Influence of physiological condition on
the behavioral response of Anopheles darlingi to DDT.
Mosg. News 44: 357-361.

Roberts, D.R., T. Chareonviriyaphap, H.H. Harlan, and P.
Hshieh. 1997. Methodsfor testing and analyzing excito-
repellency responses of malaria vectors to insecticides.
J. Am. Mosg. Contr. Assoc. 13; 13-17.

Sungvornyathin, S, T. Chareonviriyaphap, A. Prabaripai, V.
Trirakhupt, S. Ratanatham S, and M.J. Bangs. 2001.
Effects of nutritional and physiological status on
behavioral avoidance of Anopheles minimus (Diptera:
Culicidae) to DDT, deltamethrin and lambdacyhal othrin.
J. Vector Ecol. 26: 202-215.



