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THE RELATIVE ATTRACTIVENESS OF CARBON DIOXIDE TO
PAROUS AND NULLIPAROUS MOSQUITOES'

By Mark F. Feldlaufer®* and Wayne J. Crans*!

Abstract: Standard New Jersev light uaps were compared
with and without a dry-ice supplement in a coastal area of New
Jeisev. The tests were conducted o determne the telauve at-
tractiveness of (O, o parous and nulliparous specimens and
to determine if the addivon of GO, as an auractant affecred
the age composinon of the mosquitoes i the sample More
than 13,000 female mosquitoes were collected during the study;
Culex salinarius, Aedes canadensws, Ae. cantator, sollicrians and
Ae. vevane were the predominant speaes. Ovarnan dissections
vevealed that a significantly greater perceniage of parous mos-
quitoes was collected m the trap where light was the onh at-
tractant. The adedimon of CO, consistentlv wtracted a greater
proporuon of the nullipatous specimens. The light trap baited
with dry 1ces however, caught more than 17 umes the number
of mosquitoes and increased the inaidence of the major speaes
by R to15-toud  Data suggested that the additnon of CO,in the
torr ol dry e artracted a greater percentage ot nulliparous
mosquitoes but ncreased the total carch sutfiaentiy (o warrant
its connnued use tor arhovinus sampimg m most sitaanons

Lhe benelus of using carbon dioxide as a mos-
quito atractant have been known for many vears.
Headlee (19411 and Reeves & Hamumon 1942, as
weil as Hutfaker & Back (19430 reported increases
in light-trap catches when CO» was used as a sup-
plement, in the form oi div e, The wstem has
also been empioved to collect specimens ror arbovi-
7 1s surveillance. Most public healrh agencies have
used dryowee in conjuncuon with light stnce New-
house et al, (1966 reported that light traps baited
with dryv e collect greater numbers of mosquitoes
for virus
species.

Although the use of drvace as an adjuvant in-
creases the number of mosquitoes napped. rela-
el little informarnion is available on the physio-
logical age composinon of the sample. In the
absence oi rransovarial transmission, onlv parous
mosquitoes are able to function as biological vec-
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testing as well as increased number of

tors of disease. As a result, public health personnel
would ideally preter to sample and test only the
parous portion of the population. Mornis & De-
Foliart (1971} concluded that the efficiency ol virus
assays would be increased if the periods of high
parous rates in a population could be predicted.
Limiting virus isolation attempts 10 periods when
parilv is high would climinate the costly tests dur-
ing those periods when 1irus recovery is unlikely.

D Lll()n (lll(l (.\:llnln(l[l()n ()f NUMCTrouUs mos-
quitoes are rime-consumiug, however, and in most
cases economically unfeasible. A frapping method
that was selecuve for parous individuals would rep-
resent the ideal alternative. Since drv ice is often
emploved 1o collect speaumens for arbovirus sur-
veillance, a studv was designed o field-test the rel-
ative attractiveness of CO, o parous and nullipa-
rous mosquitoes. The results of this studsy are
presented inthis paper.

MATEREALS AND AMETHODS

rapping was conductea near Adamston, a
coastal community in Ocean Countv. New Jersev.
The majority of land at the wite was composed ot
undergrowth and 2nd-growth woodland

Larmval campling ve-

heavy
bordering tidal salt marsh.
vealed an abundance ot diverse mosquito habirars
in the immediate area rangmg from fresh flood-
water 1o tidal pools.

Two standard New Jersev lighe traps placed ap-
proximately 100 m apart were used to make the
comparison. The traps were located so thar com-
petition was minimal: heavy nndergrowth, shrubs
and trees obscured light from one source 1o
another. One trap was operated with light as the
only attractant. T'he other was baited with 2--3 kg
of dry ice. which was wrapped in aluminum foil ro
retard sublimation and suspended in orthopedic
stockinet near the uap. Traps were acuvated ar
dusk and operated untl the collections were
picked up at 0700 h the following morning. The
traps were alternately baited at weekly intervals
from 6 Junc to 15 Seprember 1973, The procedure
vielded 16 live colleations on which the compari-

sons were based,
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vt 1\ comparson of standard New Jersey hight-trap col-
lecuons at Adamston, New Jerses with and without a €O,
supplement, based on the 3 predomimant spedies collected

No. ¥ cotnenp Forn

S INC(REASE

without With with (GO,

MOSQUITO SPLCTES O, €O, SUPPLEMEN |
Culdex salimaron LI 149
{edes caradinse 76 3120 5.1
e cantator ol 1872 30.7
weans 116 g 96
o solliians a3 763 R4
Towls 319 14,228 171

In the laboratory, the mosquitoes were lighthy
anesthetized with ¢hloroform and idemified 10
species. The fetnales were sorted into 10-cm plastic
petti dishes, which were lined with morst filter pa-
per. After the mosquitoes revived, the peui dishes
were refrigerated at 3 Gountil the specimens were
dissecred. Mosquitoes were dissected according (o
the method of Meadows (1968) and parits was de-
termmed by Detinova’'s method ot ovarian tra-
cheation (Detinova 1962).

A 2 x 2 chissquane contingency test was used 10
analvze the datac on both a nap-night and pooled-
ditta basis.

RESULILS

Mosquito abundance  Motre than 15,000 mosqui-
toes were collected and identibed during the sty
Although 4 spedies representing 6 genera were
encountered. Culex satinarivs Coquillett. dedes can-
adensis (LTheobaldy, de. cantator (Coquilleny, e
vexans (Meigen) and Ae. sollitans (Walker) were
the predominam species. constituting more than
984 ot the wotal. These 5 spedies showed that a
variets of breeding habitats occunied in the arca.
Ae. canadensis is predomivanty an carli-season
mosquito species that breeds in transiem woodland
pools. 1e. vexans is a loodwater species that unlizes
transient 1ain pools somewbat Jater in the season.
Cx. salinarass is a4 mosquito that 1equires fiesh 1o
brackish permanent water with considerable emer-
gent vegetation. Ae. cantator and e, sollicitans are
marine species that breed in tidal salt maishes.

Altractiveness of CO,. Inall cases the addition ol
COy in the torm of dry ice markedly increased the
numbcer of mosquitoes in the collection. Tagrr 1
shows a compmison ot the efficieney of the 2 trap-
ping techmques for the predominant species. Over
the entire season, the light trap without « CO, sup-
plement coliected 819 mosquitoes of these 5
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PABEE 20 Percentages of patous mosquitoes cipuned by stan-
dardl New Jersey lght teaps at Adamston, New Jerséy with™
and without ¢ €O, supplement. based on the 5 predoninant

speaes collected.

No Without With

MOSQUITO SPECTES DESSLCTEDY GO, GO,
Caelex salmarnes 1736 REE bl
dedes canaden<as 30 2%~
e cantatn [HViraiad

Te ooauns 53,6

de. solusians 15 3
Weigheed average 148>

t Differences between tapping methods sigmificant at the
tollowing probabilis lesels. >+>0.005, *=0.01, *0.03. acconding
to 2 % 2 chisquare test i1 ¢t based on actual number of m-
dividuals

species. The vap with the dryv-ice supplement col-
lecied 14.228 individuals over the same pernod, an
se of 17.4-told. The addition of dry ice had
Q4 mosquito

ing
the greatest effect on Ao canadensiy
that is not readily artracted 1o ight. The nap with
light alone collected only 76 specimens during the
entire season. 'he trap with the drv-ice supple-
ment collected 3420, an increase of 43-fold. Ae.
contator was also highly attracied to the €O, sup-
plement, increasing by 30.7-fold in the dry ice-bait-
ed trap. Tach of the remaining predominant
species was collected in greater numbers by the
(2()..-s‘upplcmcnlcd trap, but the ditferences were
not as marked.

Phywologieal age.  Ovarian dissections revealed
significant ditferences in the phvsiological age of
the mosquitoes collected by the 2 trapping meth-
ods. The tesults of 4421 dissections are presented
worasLe 2. In all cases, a greater percentage of
patous mosquitoes was collected where light alone
was the only attractant. The trap with the CO), sup-
plement was consistently more attractive 1o the
nudliparous portion of the population. for all mos-
quito species throughout the sampling period. The
onlv exception was the last sampling date in the
study, when few mosquitoes were captuted and all
of these were parous. The ditferences between
trapping methods were significant tor cach of the
predommant species when analvzed by 2 x 2 chi-
square treatment using the actual number of mos-
quitoes for the computation. Significant differ-
cnces were also obtained when individual sampling
dates were analized (except where previously
mentioned) and merely substantiated pooled-data
analvsis.




142

The attraction of nulliparous mosquitoes to CO,
was most evident with Ae. canadensis and Ae. can-
tator. These were the species that showed the grear-
est increase when dry ice was used as a collection
supplement. Although diy ice was an cfficient
means of increasing the numbers of mosquitoes in
these studies, the addition of CO, depressed the
overall parousiate by attracting a disproportionate
number of nulliparous mosquitoes,

DISCUSSION

The results of these studies appear to be in gen-
cral agreement with previous work. The overall
increase of 17.4-fold by the addition ol CO, is
much gieater than the 4-lold increase reported by
Newhouse et al. (1966). but the traps used 10 make
the comparisons were quite different. Newhouse
et al. (1966) used CDC Miniarure light traps which
arc small and casily portable. The standard New
Jersey light vap has a larger motor with greater
displacement and is capable of drawing in mos-
quitoes from a farther distance.

Magnarelli (1975) dissccted mosquitoes for par-
ity that were collected in CDC Minjatare light reaps
with and without a dry-ice supplement. TTe re-
ported that the highest percentage of parous mos-
quitoes (Anopheles walkeri, Coquillelidia pertwrbans
and Culiseta morsitans dyari) was taken by the un-
supplemented traps. but his sample size was not
large enough to reach a firm conclusion on relative
attractancy. Data fiom the present study confirm
bis observation. With all specics, the highest per-
cenrage of parous mosquitoes was collected by the
trap where light alone was the only attractant.

These results may question the broad use of CO,
as an attractant to collect mosquitoes [or arbovirus
testing. Data indicated thar dry ice resulred in col-
lection of considerably moe mosquitoes, but also
increased the percentage of nulliparous specimens
in the sample. This might adversely affect public
health programs with small budgets allocated for
virus resting. Where only limited numbers of mos-
quitoes can be screcned, a greater number of un-
supplemented traps placed over a wider geograph-
ic area may be preferable on economic grounds.

In most cases, however, the advaniage ol using
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unsupplemented light traps tor the collection of
physiologically “older” specimens is negated by the
sheer numbers of mosquiroes attracted by the GO,
supplement. Dry ice appears to depress the overall
parous rate of the collectrion, but the sample size
is increased to the point where considerably moe
parous specimens are captured when CQ, is used.
This is particulurly true for mosquito species that
arce not 1eadily attracted to light. It would be im-
practical 1o operate the number of unsupplement-
ed traps required to collect adequate numbers of
Ae. canadensis or Ae. cantalor for virus testing. Mos-
quitoes that are highly attracted 1o light, however,
might be more efficienuy trapped without a CO,
supplement. If adequate numbers can be obtained
without the addition of CQ,, there is no reason o
use the attractant. The selecion of a rapping
method should be based on the particular needs
of the study.
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