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EFFECTIVENESS OF CARBON DIOXIDE AND L(-+) LACTIC
‘ ACID IN MOSQUITO LIGHT TRAPS
WITH AND WITHOUT LIGHT " *

ROBERT G. STRYKER3 anp WILLIAM W. YOUNG 4

InTropUCTION. In an attempt to develop
more effective methods for surveillance
of medically important species of the fam-
ily Culicidae (Diptera), variations in trap
design have received great attention in re-
cent years (Bidlingmayer, 1967; Defoliart
and Morris, 1967; Gillies and Snow, 1967;
Sommerman and Simmet, 1967; and Vick-
ery et al,, 1966). Investigations have re-
vealed increased activity and feeding re-
sponse of mosquitoes when they are ex-
posed to carbon dioxide gas, warmth, or
various skin cmanations, primarily the
various esters of lactic acid (Acree et al,
1968; Carestia and Savage, 1967; Grant,
1669; Khan ez al., 1967; and Thompson
and Brown, 1955). The L(-}-) isomer of
lactic acid in minute amounts has been
shown to be a strong attractant to female
Aedes acgypti®

This study was an attempt to ascertain
the effectiveness of carbon dioxide and
L(-+) lactic acid as attractants when used
in various levels and combinations under
field conditions.
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MareriaLs aNp MerHoDs. A salt marsh
formed by Goose Creek, located along the
eastern boundary of Charleston Army De-
pot, Charleston, South Carolina, was sur-
veyed from 8 September through 12 Octo-
ber 1969. Three standard New Jersey light
traps (FSN 3740-607-0337) with 25-watt
bulbs and four battery-operated miniature
light traps (FSN 6545-089-3766) were
positioned along the marsh boundary. The
latter traps are similar in design to the
CDC miniature trap, but operate on a 6-
volt wet-cell system, utilizing a 6-volt light
bulb rather than a 4-volt bulb.

A standard New Jersey trap, also located
along the marsh boundary, was used as
the control trap. The remaining traps were
altered each night according to a planned
schedule to conform to a specific gas-acid-
light (GAL) treatment. Three levels of
gas, five levels of L(+) lactic acid, and
the presence or absence of light were
tested, totaling 30 treatment combinations
(Table 1). A schedule was designed to
rotate the treatments along the trap se-
quence each night.

The mosquito population was considered
homogeneous because of the similar salt
marsh habitat along the area boundary.

Commercial grade (99.5 percent) carbon
dioxide gas was released at three rates
with Matheson 1L-AF, 1L-BF, and 1L-CF
regulator-flowmeters; 400, 1,250, and 2,470
cc/min. respectively, Matheson size 3
cylinders containing 8 pounds of carbon
dioxide at 1,500 psig were used in all tests.
Gross weight of a full cylinder was ap-
proximately 38 pounds. The flowmeters
were calibrated by volumetric displace-
ment at the lowest rate and with a wet
test gas meter at the higher rates.
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TaprLe 1.—Treatment combinations of carbon dioxide, L(-) lactic acid, and light.
CO: Flow Rate,
cc/min.
0.0 0.001 6.005 0.01 0.1

2470 L+ L— L+ L— L+ L— L+ L— L+1L—

1250 L+1L— L+ L— L+ L— L4 L— L+ L—

400 L+L— L+L— L+ L— L+ L— L+L—
L+=Light on
L—=light off

The five levels of L{-+) lactic acid
tested were 0.00, 0.001, 0.005, 0.01, and
01 ml. Measured quantities of L({-)
lactic acid dissolved in acetone were placed
in two-necked, 300 ml flasks and swirled
about the inner surface. The acetone was
allowed to evaporate. Rubber tubing di-
rected the gas flow from the flowmeter to
one neck of the flask, and a second
tubing routed the gas from the second
neck to the trap motor housing below the
fan intake. This prevented the gas mix-
ture from being drawn directly into the
trap, yet released the mixture near the in-
take portion of the trap. On those tests
where L(4-) lactic acid was not used, the
flasks were by-passed.

Each day the flasks were washed in
soapy water and rinsed in acetone. Trap
collections were made overnight between
1900 and 0700 hours. Each morning the
kill jars were collected and the mosquitoes
were counted and packaged for shipment
to the Third US Army Medical Laboratory
for species identification.

ResuLts anp Discusston. No problems
materialized concerning the relative effec-
tiveness of the New Jersey traps and the
battery-operated traps. Night catches of
the two types of traps were comparable.
Occasional irregularities did occur due to
wind and scattered rain showers; however,
identical treatments to all traps and pool-
ing of the data nullified minor differences.

Carestia and Savage (1967) reported
considerable difficulty in maintaining an
even gas flow with the 1L series of regula-
tors. During preliminary testing we en-
countered some difficulty, but thereafter
the regulators operated satisfactorily. The

carbon dioxide cylinders were satisfactory
in size and handling characteristics.

T'wo approaches were used in the statis-
tical analysis of the data. The first ap-
proach was direct, with no adjustments for
differences between days; this avoided the
problem of possible over or under-adjust-
ment of treatment values. Separate analy-
ses of variance were performed for the
mosquitoes caught. Twenty analyses of
variance were selected for those days in
which treatment replicates occurred. The
error terms were pooled and Duncan’s
multiple range and Multiple F tests were
performed (Duncan, 1055).

Significance at the .o1 level occurred be-
tween those treatments using some com-
bination of L(--) lactic acid, gas, and
light in comparison with light alone (con-
trol) in 14 of 20 cases.

In five of the six remaining cases, sig-
nificance at the .o1 level was observed as
follows:

Gas, cc/min. Light Acid, ml
1250 + —
1250 + —
2470 + -
2470 + 0.1
over 1250 + 0.005
over 2470 + 0.005
over 1250 — —
OVEr 400 -+ 0.1

No significance at the .ot or .05 level was
observed in the remaining case.

The second approach supported the
above data. Each day treatments within
a day were compared against the con-
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trol trap by fitting a straight line forced
through the origin of the plot of each treat-  ous species to carbon dioxide gas at three
ment versus its corresponding control. flow rates indicates difference between the
Table 2 shows the b-values of the plotted 400 cc/min. rate and 1250 cc/min., in-

An examination of the response of vari-

TaBLE 2.—b-Values of Slope regression plots.

Gas Flow,
cc/min. L(~+) Lactic Acid Level (ml)
0.00 0.00T 0.005 0.01 0.1
Light On 2470 43.25 28.34 * 13.26 26.75
1250 24.50 17.49 2.82 16.064 4.90
450 16.32 16.75 3.23 6.24 6.17
Light Off 2470 16.89 7.49 13.25 4.14
1250 12.50 7.16 31.39 * 13.91
450 10.82 3.92 11.50 1.05 14.33

* Deleted; data insufficient,

slopes.  The slope lines were then ex-
tended to a theoretical control trap catch
of 160 mosquitoes. The corresponding
theoretical captures are plotted in Fig. 1.

From inspection, the capture values
drop off as the flow rate of carbon dioxide
is decreased. The earlier mentioned trend
of increased L(-) lactic acid decreasing
the mosquito catch may be observed in
Figure 1.

Table 3 lists the different species col-
lected at various flow rates of carbon di-
oxide, disregarding the presence or ab-
sence of L(+) lactic acid. Twenty-eight
species of mosquitoes were collected. Thir-
teen species of mosquitoes were common
to the test traps and the control trap. An
additional 13 species were collected only
in the presence of carbon dioxide. Culiseta
tinornata and Uranotaenia sapphiring were
collected in the standard New Jersey con-
trol trap.

Sixty-seven light trap collections per-
formed by the Charleston Army Depot
Post Engineers from March through No-
vember of 1969, resulted in a total of 28
species of mosquitoes and 6,421 specimens.
Psorophora howardii was not collected by
their surveillance program. In contrast,
over 13,000 mosquitoes were collected in
one night during this study, doubling the
standard surveillance program in total
number in a single night.

creasing the gas flow to 2470 cc/min. did
not increase the capture ratio to warrant
the greater release rate.

Table 4 is a list of the ten most numer-
ous species (based on collection numbers)
ilustrating response to treatment type.
Dosage levels of gas and acid were pooled
within each column. Direct comparison
of gas to gasacid treatment did not re-
veal any marked preference among the
species for cither series of treatments.
Three species of mosquitoes were collected
in greater numbers in the gas-acidlight
treatment than in the gaslight. Only
one specics, Aedes vexans, was captured
in greater numbers in both gas-acid and
gas-acid-light treatments, indicating a posi-
tive response for L(+) lactic acid. Simi-
larly Mansonia perturbans was collected
only from traps emitting carbon dioxide
gas. Culex quinquefasciatus was caught
In greater numbers in the absence of light.
Miller ¢z al. (1969) working in Thailand
reported similar results.

Concrusion. The addition of light to
a mosquito trap utilizing carbon dioxide
gas is not a necessary component in achiev-
ing a representative sample of the mos-
quito population. The addition of L(4)
lactic acid to the carbon dioxide gave no
discernible beneficial effect, except with
A. vexans. The number of species of mos-
quitoes was doubled in traps utilizing
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FLOW RATE OF CARBON DIOXIDE (CC's/MIN)
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Fic. 1.—Theoretical mosquito capture per trap night for GAL treatment combination compared with
the theoretical control trap capture of 160 mosquitoes per trap night.
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TasLe 3.—Avcrage number of mosquitoes caught per trap night at cach carbon dioxide gas rate
disregarding presence or absence of L(=) lactic acid, Charleston Army Depot, Sept—Oct. 1969.

Gas Flow, cc/min.

Species 2470 1250 400 Total Control
Aedes
atlanticus-tormentor 0.00 0.00 0.03 0.01 0.00
canadensis 0.00 0.03 0.00 0.01 0.00
dupreei 0.00 0.00 0.03 0.0 0.00
infirmatus 0.00 0.03 0.00 0.01 0.00
mitchellac 0.06 0.12 0.03 0.07 0.00
sollicitans 123.50 103.80 69.70 99.30 8.76
sticticus 0.00 0.00 0.06 0.02 0.00
taeniorhynchus 145.20 127.60 82.60 118.90 6.24
vexans. 5.79 6.91 4.22 5.67 0.41
species” 0.36 6.35 0.09 0.27 0.88
Anopheles
crucians 12.20 10.%70 6.38 9.80 0.76
puncripennis 0.52 0.56 0.06 0.38 0.00
quadrimaculatus 0.24 0.21 0.47 0.30 0.06
species 0.00 0.00 0.19 0.06 0.06
Culex
nigripalpus 2.33 4.29 2.78 3.15 0.24
quinquefasciatus 1.33 .50 0.78 1.21 0.24
restuans 8.12 4.29 1.66 4.72 1.35
salinarius 448.80 463.30 323.40 413.30 22.0
tarsalis 0.03 0.00 0.90 0.01 0.12
territans 0.18 0.03 0.00 0.07 0.12
(Melanoconion) sp. 0.30 0.15 0.90 G.15 0.00
species 0.03 0.41 0.47 0.30 1.41
Culiseta
inornata 0.00 0.00 0.00 0.00 0.06
melanura 0.03 0.00 0.00 0.01 0.18
Mansonia
perturbans 0.42 1.32 1.53 1.09 0.00
Psorophora
ciliata 0.61 0.35 0.22 0.39 0.00
confinnis 235.80 207. 80 179. 80 208.10 16.50
cyanescens 0.03 0.00 0.00 0.02 0.00
ferox 0.03 0.00 0.00 0.01 0.00
howardii 0.00 0.06 0.00 0.02 0.00
species 0.03 0.03 0.13 0.06 1.00
Uranotaenia
sapphirina 0.00 0.00 0.00 0.00 0.53
Number of trap nights 33 34 31 08 17

* Males or unidentifiable specimens.

FROM THE MEMBERSHIP COMMITTEE:

The AMCA is only as effective, as strong and as useful as its membership. Make
tvery potential member an active member.
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TaBLE 4.—Average number of the ten most numerous species collected per trap night at Charleston
Army Depot, Sept—Oct. 1969. Treatment levels of carbon dioxide and L(+} lactic acid were combined.

Type Treatment*

Species G GA GL GAL Total Control
Aedes

sollicitans 81.70 72.40 183.60 99.40 99.30 8.76

tacniorhynchus 64.00 92.60 178.10 143.70 118.90 6.18

vexans 1.53 3.26 6.57 9.31 5.67 0.41
Anopheles

crucians 4.93 5.97 15.00 13.40 9.80 0.76
Culex

nigripalpus 3.53 2.38 5.57 2.78 3.15 0.24

quingucfasciatus 2.53 1.47 0.36 0.75 1.21 0.24

restuans 7.80 2.85 2.71 5.97 4.71 1.35

salinarius 337.30 369.30 573.00 424.20 413.30 22,00
Mansonia

perturbans 0.07 1.82 1.50 0.67 1.09 0.00
Psorophore

confinnis 200.10 137.00 372.70 210.70 208,10 16.50
Number of trap nights 15 33 14 36 08 1y

1 G=Carbon dioxide.
GA=Carbon dioxide—L(+) lactic acid.

GAL=Carbon dioxide—L(+4) lactic acid—light.

Control=Standard New Jersey light trap.

carbon dioxide gas as compared to light
alone.

Literature Cited

Acres, F, Jr., Tuener, R. B, Gouvek, H. K,
Brroza, M., and Smrra, N. 1968, L—lactic acid:
A mosquito attractant isolated from humans.
Science 161(3848):1346-1347.

Brinemaver, W. L. 1967. A comparison of
trapping methods for adult mosquitoes: Species
response and environmental influence, J. Med.
Entomol. 4(2):200~220.

Carestia, R. R, and Savace, L. R. 1967.
Effectiveness of carbon dioxide as a mosquito at-
tractant in the CDC miniature light trap. Mosq.
News 27(1):90-92.

DeroLiart, G. R, and Mormss, C. D. 1967.
A dry ice-baited trap for the collection and field
storage of hematophagous Diptera. J. Med. En-
tomol. 4(30):360-362.

Duwcean, D. B. 1955. The new multiple range
and multiple F tests. Blometrics 11(1):1—42.

GrLuies, M. T., and Svow, W. F. 1967. A

COg-baited sticky trap for mosquitoes. Trans. Roy.
Scc. Trop. Med. and Hyg. 61(1):20.

GranT, G. G. 1969. Dioxane and dioxaspiro
derivatives as attractants for male yellow-fever
mosquitoes. J. Econ. Entomol. 62(4):786-788.

Kaan, A, A, Stravss, W. G., Mamsacy, H. 1,
and Fenrey, W. R. 1967. Comparison of at-
tractiveness of the human palm and other stimuli
to the yellow-fever mosquito. J. Econ. Entomol.
60(2):318-320.

MiLLer, T. A., STrYkER, R. G., WiLKINSON,
R. N, and Esan, S. 196g. Notes on the use of
CO: baited CDC miniature light traps for mos-
quito surveillance in Thailand. Mosq. News 29
(4) :688-689.

Sommerman, K. M., and SmmmeT, R. P. 1967,
Versatile mosquito trap. Mosq. News 27(3) :412—
417.

Tromrpson, R. R., and Brown, A. W. A, 1955.
The attractiveness of human sweat to mosquitoes
and the role of carbon dioxide. Mosq, News
15(2):80-84.

Vickery, C. A., Meapows, K. E., and BaucH-
MmaN, L. E. 1966. Synergism of CO: and chick as
bait for Culex migripalpns. Mosq. News 26(4):
507-508.



