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INFLUENCE OF VEGETATION ON CARBON DIOXIDE TRAP
EFFECTIVENESS FOR SAMPLING MOSQUITOES IN THE SIERRA
NEVADA FOOTHILLS OF KERN COUNTY, CALIFORNIA'

R. P. MEYER,*”® W. K. REISEN? aNp M. M. MILBY?

ABSTRACT. The effect of vegetation on sampling Culex tarsalis, Cx. quinquefasciatus and Aedes
nigromaculis by CO, traps was evaluated at an intermittent stream habitat at the base of the Sierra
Nevada foothills. Carbon dioxide traps were spaced along a 450 m transect perpendicular to Poso Creek
to determine female attraction to traps placed in 5 different vegetation substrates: 1) open hilltop with
sparse growth of grasses and saltbush, 2) open pasture with sparse growth of saltbush, 3) peripheral
understory of mule fat, 4) shaded understory of mule fat, and 5) open canopy 5 m above ground in willow
and cottonwood trees. Most host-seeking Cx. tarsalis and Cx. quinquefasciatus females were collected
within the open canopy and peripheral understory. Host-seeking Ae. nigromaculis females were collected
predominately in the open pasture and within the peripheral understory. The association between CO,
trap catch size and vegetation suggested a relationship between the host-feeding patterns and associated
hunting strategies of these bird and mammal feeding species.

INTRODUCTION

Arbovirus surveillance efforts throughout Cal-
ifornia are directed toward sampling populations
of Culex tarsalis Coq. This species feeds primar-
ily on birds (Tempelis 1975) and is considered
to be the primary vector of western equine en-
cephalomyelitis (WEE) and St. Louis encepha-
litis (SLE) viruses (Hardy 1987, Reeves 1990).
Sampling female populations has become in-
creasingly dependent upon the use of the CO,
trap [i.e., different versions of the CDC minia-
ture light trap of Sudia and Chamberlain (1962)
baited with dry ice] to monitor abundance and
obtain live females for virus isolations (Meyer
et al. 1984, Reisen et al. 1990a). Carbon dioxide
trap placement in relation to environmental
physiography can greatly influence trap effec-
tiveness (Bailey et al. 1965, Bidlingmayer 1967,
Walters and Smith 1980, Reisen and Pfuntner
1987).

Catch size presumably indicates mosquito at-
traction to cues where microenvironmental con-
ditions are associated with the consummation
of appetitive behavior. Previously, Walters and
Smith (1980) revealed that abundance of Cx.
tarsalis and Cx. quinquefasciatus Say was corre-
lated spatially with vegetation types associated
with the preferred avian hosts of these species
(Tempelis 1975). Carbon dioxide traps placed
within heavily vegetated microenvironments
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presumed to be avian roosting sites collected
more females than traps placed in the open or
in juxtaposition to less dense vegetative cover.
Thus, trap placement near vegetation and avian
roosting sites combined with associated mi-
croenvironmental conditions (i.e., relative hu-
midity) apparently increased the number of fe-
males collected by CO, traps.

In our investigation, the influence of vegeta-
tion on CO; trap effectiveness for sampling host-
seeking female Cx. tarsalis and Cx. quinquefas-
clatus was investigated at a riparian habitat in
the foothills of the Sierra Nevada Mountains in
Kern County, CA. Additional data relevant to-
ward developing CO, trapping strategies for
sampling Aedes nigromaculis (Ludlow) females
are included.

MATERIALS AND METHODS

Study site: Adult mosquitoes were sampled at
Poso Creek in semiarid foothill terrain (elev.
182 m) 18 km north of Bakersfield, Kern
County, CA. The sandy flood plain of Poso
Creek at the point of sampling was approxi-
mately 450 m wide with barren gently sloping
canyon walls to the north and south (Fig. 1).
Although dry during the present study, the typ-
ical winter and spring intermittent flow of the
creek supported a riparian flora typical of the
southern San Joaquin Valley (Barbour and Ma-
jor 1977). Salt bush (Atriplex spp.) grew in open
stands in the flood plane and hillsides and was
replaced by mule fat (Baccharis sp.) (1.5-3 m
tall) along the stream margin and beneath the
canopy of mature stands (10-12 m tall) of willow
(Salix sp.) and cottonwood (Populus sp.) trees.

Mosquito breeding at Poso Creek occurred
primarily in holding ponds or irrigated pastures
that were maintained by an intermittent supply
of oil field effluent (i.e., water containing little
or no petroleum residue). Most effluent sources
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located along the margins of the creek and in
holding ponds next to the flood plain were col-
onized predominately by Cx. tarsalis during the
spring and summer. Peaks in production of Cx.
tarsalis in early to mid-summer were followed
by an increase in the production of Cx. quinque-
fasciatus in late summer and early fall. Flooding
of a pasture 0.5 km east of the study site in early
September resulted in the emergence of a brood
of Ae. nigromaculis.

CO, trap operation and placement: Carbon
dioxide traps without lights and baited with ca.
2.0 kg of dry ice were operated from sunset to
sunrise for 3 consecutive nights at mid-month
from June through October, 1988. Both ground
level and canopy traps were arrayed in a linear
transect perpendicular to the creek to sample
host-seeking females in 5 different vegetation
types (Fig. 1). Additional traps were deployed to
sample the transition between vegetation types
within and bordering the sides of the creek.
Ground traps were hung from permanent stand-
ards at 1.5 m and canopy traps were suspended
5 m above the creek bed beneath the canopy of
cottonwoods and willows. Two traps (G
Ground 1, 10) were placed at the open hilltops
at the south and north end of the transect, 2
traps (G2, 9) in the pasture with sparse saltbush,
3 traps (G3, 4, 8) in the peripheral mule fat, 2
traps (G5, 7) in sparse mule fat within the
shaded understory beneath the canopy of wil-
lows and cottonwoods, and 3 traps (C = Canopy
1-3) within the open canopy in total shade. An
additional ground trap (G6) was included in
October to provide supplemental data on the
shaded understory microhabitat. Those data (3
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trap nights) have been omitted from statistical
comparisons.

Processing and data analyses: Carbon dioxide
trap collections were sorted to sex and the num-
ber of females of each species counted. Trap
counts by species were transformed to 1n (Y +
1) and tested by 1-way analyses of variance
(ANOVA) with trap site (vegetation type) as the
main effect. The geometric mean number of
females of each species collected per trap night
(Mw) was compared among traps by a Duncan’s
multiple range test.

RESULTS

A total of 20,808 female mosquitoes were col-
lected during 172 CO, trap nights. Cx. tarsalis
comprised 87.6% (18,236) of the mosquitoes col-
lected followed by Cx. quinquefasciatus (6.7%,
1,394 females) and Ae. nigromaculis (4.6%, 960
females). Remaining species contributed ca.
1.1% of the total collected and included Aedes
melanimon Dyar (8 females), Aedes sierrensis
(Ludlow) (6 females), Anopheles franciscanus
McCracken (195 females), Culex erythrothorax
Dyar (5 females), Culex stigmatosoma Dyar (3
females) and Culiseta inornata (Williston) (1
female). Captures of female An. franciscanus
were too infrequent and sporadic among traps
to accommodate statistical comparisons of trap-
ping efficiency among the different vegetation
types.

Weather conditions throughout the study re-
mained relatively constant. Temperatures on
the dates of CO, trap operation were within the
30-year monthly means for June-October meas-
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Fig. 1. Drawing of the south (S) to north (N) cross-section view of the flood plain and vegetative microhabitats
at Poso Creek. Carbon dioxide trap locations along the transect are indicated by a G for ground traps and C

for canopy traps.
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ured at the Meadows Field Airport (National
Oceanographic and Atmospheric Administra-
tion) weather station located 10 km S of the
study site. Monthly mean temperatures ranged
from a low of 22.2°C in October to a high of
29.1°C in July. Northwest winds (5-15 kph)
occurred during most afternoons and slowly sub-
sided during the evening. Easterly down slope
winds (5-20 kph) from the Sierras normally
began 1-3 h (0300-0600 h) before sunrise and
steadily increased in velocity up to the time
when traps were picked up at sunrise.

An overall increase in the geometric mean
number of female Cx. tarsalis collected/trap
night occurred in July and August and was
measured by traps operated within all vegetation
types (microhabitats) with the exception of
those traps operated within the peripheral and
shaded understory (Fig. 2A). July collections in
the peripheral understory decreased by an av-
erage of ca. 50 females/trap night and by ca. 25
females/trap night in the shaded understory.
Collection sizes among all traps gradually de-
creased during September and October.

The number of Cx. quinquefasciatus females
collected in June, July and August averaged
fewer than 10/trap night within all vegetation
types (Fig. 2B). Abundance then increased dra-
matically in September and subsequently de-
creased in October. The October decline was
more pronounced among the traps operated in
the peripheral understory in comparison with
those operated in the other vegetation types.

The geometric mean number of female Cx.
tarsalis and Cx. quinquefasciatus collected per
trap night at each CO, trap site was grouped by
vegetative type, and the results of statistical
analyses are summarized in Table 1. The Mw of
female Cx. tarsalis and Cx. quinquefasciatus col-
lected within each vegetation type varied consid-
erably. However, statistical comparisons indi-
cated that host-seeking females of both species
exhibited significant (P < 0.05) differences in
their attraction to traps placed in the different
vegetation types. Overall, traps placed in the
peripheral understory and open canopy collected
the most host-seeking females, followed by traps
placed in the shaded understory, open pasture
and open hilltops (Table 1, Fig. 2).

There was considerable discrepancy in the
number of females collected by traps placed on
open hilltops. Trap G1 at the south end of the
transect collected a Mw of 50.9 Cx. tarsalis and
2.6 Cx. quinquefasciatus females/trap night,
while trap G10 at the north end collected only
3.9 and 0.3 females/trap night, respectively. The
apparent increased mosquito attraction to trap
G1 at the south hilltop may have been influ-
enced by the placement of this trap beside a

small stream created by the surface disposal of
oil field effluent. The stream (Poso West) which
supports the breeding of Cx. tarsalis runs per-
pendicular to Poso Creek and previously has
been demonstrated to be a mosquito dispersal
route to and from the creek (Reisen et al. 1985).

Collections of Ae. nigromaculis during 3 trap
nights in September were too variable to detect
significant differences (1-way ANOVA,F = 1.57,
df = 10, 22; P = 0.174) among trap counts. Most
females were collected by the traps placed in the
open pasture (Mw = 25.8 females/trap night)
and peripheral understory (23.4 females/trap
night). The number of females collected by CO,
traps in the remaining vegetation types was
considerably less (hilltops, 9.2 females/trap
night; shaded understory, 4.2 females/trap
night; and open canopy, 0.8 females/trap night).

DISCUSSION

Selective trapping of Cx. tarsalis, Cx. quinque-
fasciatus and Ae. nigromaculis by CO; traps
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Fig. 2. Monthly abundance (Mw females collected/
trap night) of Culex tarsalis and Cx. quinguefasciatus
collected by CO, traps placed in each vegetation type,
HT = open hilltop, OP = open pasture, SU = shaded
understory, PU = peripheral understory and OC =
open canopy.
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placed in different vegetative microhabitats
demonstrated that vegetation significantly in-
fluenced CO, trap effectiveness for sampling
these 3 species. Carbon dioxide traps placed at
peripheral vegetation (mule fat) and 5 m above
ground level beneath the shaded canopy of wil-
low and cottonwood trees were effective for col-
lecting host-seeking Cx. tarsalis and Cx. quin-
quefasciatus. Host-seeking Ae. nigromaculis fe-
males were not attracted to canopy and
understory traps, but were more effectively sam-
pled by traps placed at the peripheral mule fat
and in the open pasture.

Previously, Corbet (1961) and Haddow and
Ssenkubuge (1965) demonstrated that host-se-
lection and related hunting patterns were cor-
related spatially. Trapping results at Poso Creek
were in agreement with these earlier classic ob-
servations. Both Cx. tarsalis and Cx. quinquefas-
ciatus are predominately aviphilic species (Tem-
pelis and Washino 1967, Tempelis et al. 1970,
Tempelis 1975), while Ae. nigromaculis feeds
predominately on large mammals (i.e., bovids)
(Hayes et al. 1973, Tempelis 1975). The in-
creased attraction of both Culex species to pe-
ripheral and canopy vegetative microhabitats
reflects the spatial continuity between host uti-
lization (i.e., roosting habits) and mosquito
hunting behavior. Similarly, host-seeking Ae.
nigromaculis females were captured by traps op-
erated in the open or at the periphery of mule
fat, indicating a hunting behavior consistent
with feeding on cattle in open pastures. Cattle
from nearby pastures frequently would bed at
night in the dry creek bottom, perhaps to escape
attack by Ae. nigromaculis, because CO, traps

placed in the shaded understory indicated that
Ae. nigromaculis females rarely attempted to
blood feed on animals protected by the thickets
of mule fat. This behavior may indicate a reluc-
tance of this species to penetrate and blood feed
on hosts in areas protected by thick vegetation.

Increased Culex attraction to traps placed at
the boundary of peripheral mule fat on both
sides of the creek may have been in response to
environmental factors other than host-seeking.
Culex mosquitoes frequently disperse along cor-
ridors of vegetation as a result of directed move-
ments related to nocturnal activity (e.g., nectar
feeding and oviposition) and microclimatic fac-
tors that can affect survival (Bailey et al. 1965,
Bidlingmayer 1967, Bidlingmayer et al. 1974).
At Poso Creek, the environmental differences
between the heavily vegetated creek bed and
surrounding dry hillsides present mosquitoes
with few alternatives for dispersal and associ-
ated limitations to daily survival. Daily survi-
vorship estimates for Cx. tarsalis at Poso Creek
indicated that a significant daily loss in adults
could be attributed to dispersive emigration
(Nelson et al. 1978, Reisen et al. 1985). Consid-
ering the negative impact of the open desert on
mosquito survival, peripheral trap efficiency
may have been enhanced as a direct result of
the protection (i.e., shelter, ameliorated temper-
ature extremes and humidity) provided by the
creek microenvironment.

In conclusion, our data agree with previous
studies that have investigated the influence of
various environmental factors and host behavior
on mosquito trap efficiency. Recent outbreaks
of St. Louis encephalitis in California (Emmons

Table 1. Abundance (Mw) of female Culex tarsalis and Cx. quinquefasciatus measured by CO, traps within 5
vegetative microhabitats at Poso Creek, 1988.

Mw females per trap night

Trap no. Culex Culex
Vegetative microhabitat (No. trap nights) tarsalis quinquefasciatus
Open hilltop G1(15) 50.9 ¢! 2.5 bed
(dry grasses) G10 (14) 39a 0.3 a
Open pasture G2 (14) 33.8b 04a
(sparse saltbush) G9 (15) 788 ¢ 1.0 bed
Shaded understory G5 (14) 82.1d 2.0 bed
(mule fat) G7 (15) 90.8 de 3.5 cde
Peripheral G3 (15) 248.6 h 4.0 cde
understory G4 (14) 98.5 def 2.4 bed
(mule fat) G8(14) 136.0 efg 2.2 bed
Open canopy 5M C1 (14) 187.7 gh 102 e
(cottonwood and C2 (14) 130.6 efg 7.8 de
willow) C3 (14) 147.7 fg 108 e

! Means in columns followed by the same letter are not significantly different in a Duncan’s multiple range

test (P > 0.05).
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et al. 1985, Emmons et al. 1990) have reinforced
the need for further development of refined trap-

ping strategies for sampling populations of Cx.

tarsalis and Cx. quinquefasciatus. Carbon diox-
ide traps are effective for sampling either species
when operated along dispersal corridors or tree
lines (Reisen and Pfuntner 1987; Reisen et al.
1990b) and within the protective canopy of trees
in presumed spatial juxtaposition to roosting
avians. Therefore, arbovirus surveillance efforts
could be enhanced by taking advantage of this
relationship by placing CO, traps where reser-
voir birds reside during the host-seeking activity
period of the diel rhythm cycle.
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