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EVALUATION OF I-OCTEN-3-OL AND CARBON DIOXIDE AS
ATTRACTANTS FOR MOSQUITOES ASSOCIATED WITH

IRRIGATED RICE FIELDS IN ARKANSAS1

D. L. KLINE, D. A. DAME Ar,ro M. V. MEISCH'�

U.S. Department of Agriculture, Agricultural Research Seruice, Medical and Veterinary Entomology Research
Laboratory, P. O. Box 14565, GainesuilLe, FL 32604

ABSTRACT. Field studies were conducted to determine the responses of mosquitoes associated with
irrigated riceland in Arkansas to 1-octen-3-ol (octenol), carbon dioxide (COz) and combinations of both.
Octenol was released at 4.1 (wick in) and 41.1 (wick out) mg/h and COz at 200, 500 and 1,000 ml/min.
Octenol alone did not result in a significant (P > 0.05) increased response for any species relative to
unbaited traps. An increase in COz release rate generally resulted in an increase in collection size. All
octenol + COz combinations increased the collections of Coquillettidia perturbans, Culex salinarius and
Psorophora columbiae relative to equivalent COz release rates alone. Mixed responses for these same
treatment combinations were obtained for Anooheles crucians. An. ouadrimaculntus and Cx. erraticus.

INTRODUCTION

Recent studies by Takken and Kline (1989)
and Kline et al. (1990a, 1990b. 1991) have shown
that both carbon dioxide (COz) and 1-octen-3-
ol (octenol) are mosquito attractants. Carbon
dioxide was first reported as a mosquito attrac-
tant by Rudolfs (1922) and has since been widely
used for mosquito surveillance. Octenol was first
reported as a mosquito attractant by Takken
and Kline (1989), and its role as a mosquito
attractant is still under investigation.

When used alone. octenol has been shown to
be a good attractant for only a few species, such
as Aedes taeniorhynchus (Wied.) (Takken and
Kline 1989), Culex salinarius Coq., Coquillettidia
perturbans Walker and Mansonia titillans
(Walker) (Kline et al. 1990a). However, there
appears to be a synergistic response of these
species and some populations of Anopheles spp.
(Kline et al. 1990b) to the combination of oc-
tenol and COz.

The major objective of this study was to de-
termine the responses of mosquito species as-
sociated with irrigated riceland in Arkansas to
various combinations of octenol and CO".

1 Mention of a commercial or proprietary product
in this paper does not constitute an endorsement of
this product by the United States Department of
Agriculture.

MATERIALS AND METHODS

Field studies were conducted in 1987 and 1988
in the Grand Prairie region near Stuttgart, AR.
This predominantly agricultural region is char-
acterized by a flat open landscape that is occa-
sionally interrupted by hardwood swamps and
bayous. Fields are often bordered by ditches
Iined with hardwoods and woody and herbaceous
brush. The primary crops are rice and soybeans,
both of which are frequently irrigated during the
gtowing season. The vast acreage in rice culture,
which consists of fields with shallow surface
waters and adjacent irrigation ditches that are
intermittently flooded with irrigation and/or
rain water, provides excellent breeding condi-
tions for Psorophoracolumbiae (Dyat and Knab)
and Anopheles quadrirnaculatus Say, the 2 pre-
dominant mosquito species found in this region
(Schwardt 1939, Williams and Meisch 1983).
The specific study area was a wooded site that
was located adjacent to a large (>32 ha) rice
field located on the property of the University
of Arkansas Agricultural Rice Research and Ex-
tension Center. A trap line was established
through the woods parallel to the rice field. Each
trap location was established as a discrete site
located ca. 170 m apart. The Model 512 CDC
trap (John Hock Co., Gainesville, FL) without
a light source but baited with different combi-
nations of chemical attractants was used to trap
the mosquitoes. Collections were made into pint
Mason jars containing a small piece of Vapona
(Shell No-Pest Strip@) as the killing agent.

'Department of Entomology, University of Arkan-
sas, Fayetteville, AR 72701.
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Table 1. Mean catch + SE per trap dayr for different treatments of odor baited unlighted CDC traps operated
near rice fields at Stuttgart, AR, July 8-18, 1987.

Control Attractant

l o /

Species No bait
Octenol +

Octenol 500 ml/min COz 500 ml/min CO, 1,000 ml/min CO:

Anopheles crucians 0.0 + 0.0 B
An. quadrimaculatus 0.7 + 0.3 B
Coquillettidia perturbans 0.0 + 0.0 B

0.0 -f 0.0 B 10.9 + 5.8 A
1.9 + 0.8 B 355.8 + 91.1 A
0.0 {- 0.0 B 0.9 + 0.4 AB

10.9 -f 7.6 B 62.3 + 25.2 A
0.2 + 0.1 B 10.5 + 2.6 A
0.0 + 0.0 c 1.3 + 0.5 B

t2.8 + 5.7 B 718.8 + 352.7 A
0.0 + 0.0 c 4.7 ! 2.7 A

Culex erraticus
Cx. salinarius
Psorophora ciliata
Ps. columbiae
Ps. mathesoni

6.5 -t 4.5 B
0.1  +  0 .1  B
0.0 + 0.0 c
9.8 + 6.7 B
0.3 + 0.2 BC

8.7 + 2.9 A
823.7 + 282.0 A

3.1  +  2 .1  A
92.1 -+ 29.7 A
18.2 + 4.3 A
3.4  +  1 .1  A

2,314.8 + 899.6 A
4.2 + 2.6 A

7.6 + 2.2 A
574.2 + 92.9 A

1.3 + 0.7 AB
162.3 + 69.6 A
23.8 + 9.2 A
1.6 + 0.8 B

2,786.3 + 872.6 A
3.3 + 2.0 AB

1 n : 10 days; means in the same row followed by the same letter are not significantly different (P > 0.05);
Duncan's multiple range test (SAS Institute 1985) applied to log (n * 1) transformed data.

used during different sampling periods, each
experiment was analyzed separately.

RESULTS

In 1987, a total of 80,370 mosquitoes, all fe-
males, consisting of 8 species were collected
(Table 1). Three species (Ps. coluntbiae (72.7%),
An. quadrimaculattts (21.9%) and Cr. enaticus
(Dyar and Knab) (4.2%)) were predominant in
the collections. Traps baited with octenol (wick
in) only did not result in a significantly (P >
0.05) increased response of any species relative
to unbaited traps (Table 1). When the COz rate
was doubled from 500 ml/min to 1,000 ml/min,
trap collections of all species except An. cru.cia ns
Wied. and Ps. mathesoni Belkin and Heinemann
were increased, but none of these increases was
statistically significant. Although the combina-
tion of 500 ml/min CO2 + octenol (wick in)
generally resulted in increased trap collections
for most species, this increase was statistically
significant (P < 0.05) only for Ps. ciliata (Fabri-
cius).

In 1988, six mosquito species (An. crurians,
An. quadrimaculatus, Cq. perturbans, Cx. ena-
ticus, Cx. salinarius and Ps. columbiae) werc
collected (Tables 2 and 3). During the first sam-
pling period (July 18-23), 103,907 mosquitoes
were collected. Psorophora columbiae (58.7%),
An. quadrimaculntus (28.5%\ and C*. erraticus
(12.3%) were again the predominant species.
During the second sampling period (July 28-
August 2), 47,758 mosquitoes were collected. In
addition to Ps. columbiae (34.3%), An. quadri-
mac ulatus (29.9 Vo) and C x. e n atic us (29.7 %), C x.
salinarius (5.3%\ was abundant in the collec-
tions. No males were collected during either
sampling period.

During the first sampling period (Table 2), no
mosquitoes were collected in either the no bait
or octenol (wick in) baited traps. Increasing the

COz release rate from 200 ml/min to 500 ml/
min increased, though not significantly (P >
0.05), collections of all species except Cx. eta-
ticus and Cx. salinarius. The various combina-
tions of octenol (wick in) and COz, with few
exceptions, did increase the size of the trap
collections (Table 2) when compared with the
same rate of COz alone, but in only one case was
the increase statistically significant. Psorophnra
colurnbiae collections were significantly (P <
0.05) increased by the combination of octenol
(wick in) and 500 ml/min COz as compared with
500 ml/min COz alone.

During the second sampling period in 1988,
two rates of octenol (wick in and wick out) were
compared alone and in combination with 200
ml/min COs. Neither rate of octenol alone re-
sulted in any statistically sigaificant change in
trap collection size when compared with the no
bait treatments. The basic trend was that oc-
tenol supplemented CO: traps tended to increase
collections of most species (Table 3), but the
only trap catch comparisons that were statisti-
cally significant were the 200 ml/min COz with
and without octenol (wick in and wick out).

DISCUSSION

These data generally support trends observed
in our previous field studies conducted with
octenol and COz (Takken and Kline 1989, Kline
et al. 1990a, 1990b, 1991). In our previous studies
we observed that: 1) very few mosquito species
respond in large numbers to octenol alone, 2)
the combination COz * octenol causes a large
increase (2x or greater) in the collections of
many mosquito species, especially species of
Aedes, Anophel,e s, P sorophora, C oquiLlettidia and
Mansonia (the increase appears to be due to a
synergistic effect), andB) Culex spp. show little
response to octenol alone or in combination with
COz (any increase tends to be an additive effect).
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None ofthe species in the study reported herein
showed any significant response to octenol
alone. There was a twofold or greater increase
in collection size of Cq. perturbans, Cx. salinar-
ius, Ps. ciliata and Ps. columbiae with octenol-
supplemented COz compared with COz alone
treatments. Because of extreme variation in the
daily catches, the means comparison procedure
was unable to resolve many differences between
them (P > 0.05). These increases were not sta-
tistically significant, but they may be biolog-
ically significant. Although the data for Cx. er-
raticus followed the generalized trend for Culex
spp. in its response to octenol and COz, C.r.
salinarius did not. But these data are consistent
with the data obtained for Cx. salinarius trapped
near phosphate mining operations in Florida
(Kline et al. 1990a). In that study, trap collec.
tions of Cr. salinarius obtained with b00 ml/min
CO2 treatments supplemented with octenol were
significantly greater than trap collections ob-
tained with 500 ml/min COz alone.

Of all the genera evaluated to date for their
responses to octenol and CO2, the responses of
the anophelines, especially An. cru.cians andAn.
quadrimatulartus have been the most difficult to
interpret. This remains true with the data ob-
tained in the current study. At times octenol
appears to enhance collections of these species,
but other times it appears to repel these species.
Data obtained from our studies with these spe-
cies in other ecological and geographical zones
show similar responses (Kline et al. 1990a,
1990b).

These results indicate that much remains to
be learned about octenol's mode of action and
its potential as an effective attractant in mos-
quito surveillance and possible removal trapping
programs. Determination of why it attracts some
species of mosquitoes, or some populations of

the same species, and not others requires further
investigation.
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