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COMPARATIVE EFFECTIVENESS OF THREE ADULT MOSQUITO
SAMPLING METHODS IN HABITATS REPRESENTATIVE OF FOUR
DIFFERENT BIOMES OF CALIFORNIA

W. K. REISEN,'? K. BOYCE; R. C. CUMMINGS,* O. DELGADO,' A, GUTIERREZ,S R. P MEYER*
AND T. W. SCOTT*

ABSTRACT. The effectiveness of New Jersey (NJ) light, dry ice baited, and gravid female traps for collecting
adult mosquitoes was compared at representative habitats in the Coachella, San Joaquin, and Sacramento valleys
and the Los Angeles basin of California. The NJ light traps effectively sampled Anopheles freeborni, Culex
tarsalis, Psorophora columbiae, and several Aedes when abundance was high in rural areas with minimal
competitive illumination. Dry ice-baited encephalitis virus surveillance or CDC style traps collected significantly
more females of most species at most localities than did NJ light traps, regardless of background illumination.
The Cummings modification of the Reiter gravid female trap baited with a bulrush (Schoenoplectus) infusion
was the best method for collecting Culex pipiens complex females in most habitats. In the Los Angeles basin,
gravid traps baited with bulrush infusion collected, on average, 4.5 times more Culex quinquefasciatus females
than did traps baited with the Reiter infusion. The bulrush infusion in combination with the Cummings trap
design seemed to provide resting site cues and collected males as well as empty and bloodfed females. Mosquito
surveillance programs in California should include the systematic operation of dry ice-baited and gravid female

traps to improve surveillance sensitivity for selected species in appropriate habitats.

KEY WORDS Adult collection methods, California, Culex tarsalis, Culex pipiens complex

INTRODUCTION

The accurate measurement of adult mosquito
abundance is critical in evaluating control programs
and in forecasting encephalitis virus activity. Cali-
fornia mosquito and vector control districts cur-
rently participate in a statewide mosquito surveil-
lance program that provides weekly Mosquito Oc-
currence Reports averaging the catch of adult Culex
tarsalis Coquillett and other mosquito genera in
New Jersey (NJ) light traps (Mulhern 1942) within
urban, suburban, and rural habitats. Originally, light
traps were deployed to monitor Cx. tarsalis abun-
dance in relation to enzootic virus transmission ac-
tivity (Longshore 1960, Loomis and Meyers 1960)
and replaced labor intensive resting catches in nat-
ural shelters and red boxes (Loomis and Green
1959) as a method of monitoring adult abundance.

The NJ light trap samples nocturnal, phototactic
mosquitoes such as Cx. tarsalis with minimal col-
lection effort; however, catch size is reduced mark-
edly by competing light sources (Milby and Reeves
1989). Decreased sensitivity of NJ light traps in
conjunction with the progressive urbanization of
California have led most control agencies to incor-
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porate supplemental sampling methods into their
mosquito surveillance programs, including CDC
(Sudia and Chamberlain 1962) or encephalitis virus
surveillance (EVS) (Pfuntner 1979) traps augment-
ed with dry ice (hereafter, CO, traps) and CDC
(Reiter 1987) or Cummings (Cummings 1992)
gravid female traps baited with alfalfa infusion
(Reiter 1983). The CO, traps rely on a CO, che-
motaxis by host-seeking females and therefore are
less influenced by background illumination. Gravid
female traps baited with the standard alfalfa infu-
sion (alfalfa, lactalbumin, and yeast) attract mostly
Culex quinquefasciatus Say and are most effective
in urban habitats (Reisen and Pfuntner 1987, Reisen
and Meyer 1990).

The current research compared the effectiveness
of NJ light, CO,, and gravid female traps for sam-
pling Cx. tarsalis and other potential vector and
pest mosquitoes in representative habitats in 4 dif-
ferent ecological areas of California. This research
extends the results of previous trap effectiveness
studies (e.g., Hayes et al. 1958, Milby et al. 1978,
Meyer et al. 1984, Reisen and Pfuntner 1987, Mil-
by and Reeves 1989, Reisen et al. 1990) that com-
pared these and other methods in specific habitats.
An increasing human population encroaching on
formerly rural areas, expanded and effective mos-
quito control, and improved flood and irrigation
water management have combined to markedly al-
ter the landscape of California as well as mosquito
abundance and diversity (Reeves and Milby 1989).
Our research evaluated the effectiveness of 3 sam-
pling methods for monitoring mosquito abundance
in this altered landscape.

MATERIALS AND METHODS

During 1997, representative habitats were stud-
ied concurrently in 4 major biomes of California:
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the southern Coachella Valley in Riverside County,
the Bakersfield area of the southern San Joaquin
Valley in Kern County, the Sacramento Valley in
Sacramento and Yolo counties, and the Los Ange-
les basin in Orange County. Selection of localities
within each biome was based on the presence of a
NJ light trap and habitat type. Habitats included
urban premises, suburban residences, urban parks,
riparian corridors, managed marshland, irrigated
agriculture, and golf courses. Differentiation be-
tween urban and suburban areas was based on the
extent of vegetation and human population density.
Urban parks often were located along water courses
but usually were isolated by surrounding housing
areas, whereas rural riparian habitat presented an
extensive vegetative continuum transecting agricul-
tural habitat. All agriculture was irrigated and in-
cluded row crops (Coachella, San Joaquin, Sacra-
mento), date orchards (Coachella), citrus (San Joa-
quin), grapes (San Joaquin, Sacramento), rice (Sac-
ramento), and pasture (Sacramento).

Three trap types were compared at 8—10 locali-
ties within each of the 4 biomes on 1 night per
week from July through October 1997. Standard NJ
light traps were hung at 2.4 m (8 ft.) height and
fitted with 25-watt incandescent or 5-watt fluores-
cent lamps (Sacramento and Yolo counties) that
yielded comparable brightness (=250 lumens). The
CO, traps (CDC style in Coachella, San Joaquin,
and Sacramento; EVS style in Los Angeles) were
operated concurrently without lights at fixed stan-
dards of 1.5 m height positioned within 50 m of
the NJ light trap and baited with dry ice presented
in modified 3.7-liter (1-gal.) insulated cans (=2.5
kg) or styrofoam holders (Coachella, =1.5 kg). All
gravid traps were constructed following the revised
design of Reiter (1987) upgraded by Cummings
(1992) and were operated at fixed locations on the
ground within 50 m of the NJ light trap. Gravid
traps were baited with 1-wk-old bulrush (Schoen-
oplectus [=Scirpus]) infusion consisting of 4.5 g of
chopped and dried bulrush stems per liter of tap or
well water (Walton and Workman 1998). The bul-
rush infusion attracted a broad range of species (es-
pecially Culex stigmatosoma) in field tests (Walton
and Workman 1998) and attracted Cx. tarsalis in
laboratory experiments (J. Millar, personal com-
munication).

Attractiveness of the bulrush infusion was com-
pared with the original alfalfa infusion (Reiter
1983) at 8 sites in the Los Angeles basin during a
10-wk period. Traps were operated at 2 fixed po-
sitions at the same locality within 50 m of each
other. Infusions were prepared fresh each week and
rotated between positions to account for any spatial
effects.

Mosquitoes were returned to the laboratory
where they were sorted to species, sex, and female
abdominal condition (empty, bloodfed, gravid) and
counted. Abdominal conditions were comparable
with Sella’s (1920) stages 1, 2—-5, and 6-7, respec-

tively. Counts were transformed by In(y + 1) to
control the variance and normalize the distribution.
Separate multiway classification analyses of vari-
ance (ANOVA) were conducted on data from each
of the 4 biomes, with collection method and habitat
as main effects (GLM procedure for fixed effects
with 1st-order interactions, NCSS software version
6.0.22). Data initially were blocked by weeks (n =
10 - 12), but time accounted for <5% of the total
variance at all biomes and was deleted in the final
ANOVAs. In the Los Angeles basin, counts from
gravid traps baited with alfalfa infusion were not
included in the general ANOVA but rather were
compared with counts from traps baited with the
bulrush infusion in separate ANOVAs with media,
position, and habitat as main effects. Throughout,
posteriori Newman—Keuls multiple comparison
tests were used to group means that were not sig-
nificantly different (P > 0.05). Means in text and
tables were backtransformed or geometric means
expressed as numbers per trap per night. Initially,
product moment correlations were calculated for
transformed and untransformed female counts of
the abundant species collected in NJ light, CO,, and
gravid traps at each biome. However, In(y + 1)
transformations did not appreciably improve the fit
and only untransformed values are shown.

RESULTS

Fauna: A total of 37,601 female and 4,787 male
mosquitoes comprising 19 species in 5 genera were
collected by all methods (Table 1). Culex pipiens
complex species were most abundant and wide-
spread, followed by Cx. tarsalis. Culex pipiens
complex specimens from the Sacramento and San
Joaquin valleys were a mixture of quinquefasciatus
and pipiens genotypes, whereas specimens from the
Los Angeles basin and Coachella Valley south of
the Tehachapi Mountains were only guinquefascia-
tus (Urbanelli et al. 1997). Aedes species were as-
sociated with irrigated pasture and were most abun-
dant in the Coachella and Sacramento valleys.
Anopheles freeborni Aitken was abundant in the
rice growing areas of the Sacramento Valley. Cu-
liseta incidens (Thomson) was abundant in residen-
tial areas in the Los Angeles basin and Sacramento
Valley. Psorophora columbiae (Dyar and Knab)
was found only in the Coachella Valley. Statistical
analyses were limited to the abundant species (total
=200) indicated by bold font in Table 1.

Coachella Valley: Gravid traps collected signif-
icantly more Cx. quinquefasciatus females and
males than did either NJ light traps or CO, traps
(Table 2). The interaction between method and hab-
itat was significant; catch in CO, traps was greatest
in agricultural habitat, whereas catch in gravid traps
was greatest in agricultural and golf course habitats.
Catch of Cx. rarsalis females was greatest in CO,
traps in suburban and agricultural habitats. Inter-
estingly, gravid traps collected significantly more



VoL. 15, No. 1

JOURNAL OF THE AMERICAN MOSQUITO CONTROL ASSOCIATION

26

‘suonenjesa del) Joj pasn oIdm ploq Ul Ble( ,

L8L'Y 109°LE 99C°C 8EVLL 8¢C 69L°C €58 (428! 0911 191 [eloL
o¢ 605°8 0 0 0 0 0 0 0g 60s‘8 a01qun}oo> vioydorosd
0 I 0 0 0 I 0 0 0 0 sdaonavd viasyny)
0 € 0 (4 0 1 0 0 0 0 pipuLoul vIASYND)
8T 881 LT $6 T €6 0 0 0 0 SuspIOul vIasiny
0 19 0 0 0 19 0 0 0 0 snquipLiy] xXapmy
SIT'T LL8'TT $98 P8LL S p6€ Y Y6t $61 TLLY SIVSADY XN
4 ST £C (41 0 6L 1 (4! 0 14 chchS%.E xamy
¥96°C Y0€81 7167 956‘T 44 6L8°T 108 STH'6 SETT pSo‘e smprosofonbumd/suardid xapmn)
0 iee 0 981 0 ol 0 [4 0 1 XDL0Y104YIK12 XD
I i 0 0 I 1 0 0 0 0 navyoq xamH
0 C 0 0 0 (4 0 0 0 0 sypordp xam)
0 4 0 C 0 0 0 0 0 0 suadyound sappydouy
800'1 8Ly 8001 9LL'Y 0 0 0 4 0 0 1ui0qaa4f sapaydouy
€1 6¢ 8 LT 4 9 1 9 0 I snupds1oun.f sajpydouy
€ 011 0 0 3 otl 0 0 0 0 154y sapaydouy
8 <0¢ 8 ¥8€E 0 0 0 0 0 121 Subxoa §IPay
€ 9 3 11 0 0 0 €< 0 0 synovwoLSIu SIpay
€e T01°1 133 SLO'T 0 0 0 LT 0 0 UOWIUD]UWL SIPIY
W A W d W d W g n d Pa3091[03 saroads
el OJUdWRIORS soasuy so] umbeor ueg e[[ayoeoD

"L66T Suump spoyjawr [[e £q pa3os[[oo satoads yoes Jo seonnbsowr (JA)) 2[ew pue () 9[RWS [BIOL

T 21qeL



MARCH 1999

MosQuITo SAMPLING IN CALIFORNIA 27

Table 2. Backtransformed mean number of adult mosquitoes per trap night, Coachella Valley.'?

Habitat
URB SUB AGRI GOLF Mean
Species Sex Method (TN =72) (TN =71) (TN = 141) (TN = 72) (TN = 356)

Culex quinquefasciatus F NILT 0.09 0.00 0.22 0.22 0.14¢
Cco2T 1.65 3.87 6.18 2.11 3.12b
Gravid 4.87 5.23 7.97 14.53 7.46a

Mean 1.57bc 2.15abc 3.28ab 2.89ab 2.41
Cx. quinquefasciatus M NILT 0.00 0.00 0.15 0.11 0.01b
CO2T 0.00 0.33 0.01 0.11 0.13b
Gravid 1.15 1.69 5.97 8.70 3.45a

Mean 0.29b 0.53b 1.07a 1.29a 0.75
Culex tarsalis F NILT 0.00 0.57 1.25 0.09 04l1c
coz2T 0.22 8.78 5.88 0.01 2.09a
Gravid 0.22 2.13 1.86 0.32 0.86b

Mean 0.15b 2.63a 2.53a 0.01b 1.01
Cx. tarsalis M NILT 0.00 0.18 0.67 0.00 0.19a
COo2T 0.00 0.13 0.00 0.00 0.00b
Gravid 0.00 0.42 0.92 0.00 0.31a

Mean 0.00c 0.24b 0.49a 0.02¢ 0.18
Psorophora columbiae F NILT 0.00 0.35 6.67 0.28 091a
Cco2T 0.13 0.38 12.00 1.09 1.55a
Gravid 0.00 0.00 0.01 0.00 0.00b

Mean 0.00b 0.23b 3.74a 0.39b 0.70

' Means within each species/sex followed by the same letter were not significantly different by N-K multiple range test (P > 0.05).
2 URB = urban, SUB = suburban, AGRI = agriculture, GOLF = golf course, TN = total trap nights for 3 methods at 10 sites for
12 wk, F = female, M = male, NJLT = New Jersey light trap, CO2T = CO, trap, Gravid = gravid trap.

Cx. tarsalis females than did NIJ light traps. No sig-
nificant difference was found between the catches
of male Cx. tarsalis in NJ light and gravid traps,
both of which were greatest in agricultural habitat.
No significant difference was found in the catches
of female Ps. columbiae between the NJ light and
CO, traps, both of which were significantly greatest
in agricultural habitat. Practically all Aedes vexans
(Meigen) were collected by CO, traps in agricul-
tural habitat (data not shown).

San Joaquin Valley: Catch of both Cx. quinque-
fasciatus females and males was greatest in gravid
traps operated in agricultural and riparian habitats
(Table 3). Catch of Cx. tarsalis females was great-
est in CO, traps operated in riparian and agricul-
tural habitats. The riparian locality along the Kemn
River was adjacent to citrus orchards irrigated with
a drip system that pooled excessive water at the tree
bases, providing extensive larval habitat.

Los Angeles basin: Gravid traps baited with bul-

Table 3. Backtransformed mean number of adult mosquitoes per trap night, San Joaquin Valley.!?
Habitat
URB SUB AGRI RIP Mean
Species Sex Method (IN = 99) (TN = 66) (TN = 131) (TN = 33) (TN = 329)
Culex quinquefasciatus F NIJLT 0.01 0.00 0.63 0.48 0.27¢
co2T 3.77 1.56 58.97 6.40 7.60b
Gravid 10.79 12.24 28.80 5.04 11.95a
Mean 291c 2.27c 13.27a 6.15b 4.21
Cx. quinquefasciatus M NILT 0.00 0.01 0.01 0.35 0.12b
coz2T 0.00 0.00 0.02 0.46 0.12b
Gravid 2.02 1.72 5.49 2.35 2.66a
Mean 0.48b 0.43b 09l1a 0.87a 0.66
Culex tarsalis F NILT 0.01 0.00 0.74 0.17 0.97b
Cco2T 0.33 0.22 10.35 32.12 3.96a
Gravid 0.11 0.16 0.17 0.42 0.21c
Mean 0.17¢ 0.12¢ 1.85b 6.20a 1.28

! Means followed by the same letter within species/sex were not significantly different by the N-K range test (P > 0.05).
> URB = urban, SUB = suburban, AGRI = agriculture, RIP = riparian, TN = total trap nights for 3 methods at 10 sites for 11 wk,
F = female, M = male, NJLT = New Jersey light trap, CO2T = CO, trap, Gravid = gravid trap.
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Table 4. Backtransformed mean number of adult mosquitoes per trap night, Los Angeles basin.'?

Habitat
URB MAR PARK Mean
Species Sex Method (TN = 144) (TN = 93) (TN = 36) (TN = 273)
Culex quinquefasciatus F NIJLT 0.14 0.09 0.86 0.32¢
Cco2T 4.09 0.81 0.19 1.22b
Gravid 24.87 2.68 20.43 11.68a
Mean 4.32a 0.94¢ 2.62b 2.34
Cx. quinquefasciatus M NJLT 0.01 0.28 0.19 0.17b
CcOo2T 0.01 0.00 0.00 0.00b
Gravid 1.53 0.27 1.61 1.03a
Mean 0.43a 0.17b 0.46a 0.35
Culex tarsalis F NJLT 0.14 0.16 0.67 0.30b
cOo2T 0.40 5.29 1.63 1.85a
Gravid 0.33 0.13 0.12 0.19b
Mean 0.28b 1.02a 0.70a 0.64

! Means followed by the same letter within each species/sex were not significantly different by the N-K range test (P > 0.05).
*URB = urban, MAR = marsh, PARK = urban park, TN = total trap nights for 3 methods at 8 sites for 12 wk, F = female, M =
male, NJLT = New Jersey light trap, CO2T = CO, trap, Gravid = gravid trap.

rush infusion collected the most female Cx. quin-
quefasciatus in urban and park habitats in Orange
County; CO, traps were most effective in urban
habitats (Table 4). Similar to females, most Cx.
quinquefasciatus males were collected in gravid
traps operated in urban and park habitats. In con-
trast, most Cx. tarsalis females were collected by
CO, traps in marsh habitat. Gravid traps baited with
bulrush infusion collected significantly more Cx.
quinquefasciatus females and males and Cs. inci-
dens females than did gravid traps baited with the
alfalfa infusion (Table 5). Position effects were sig-
nificant for Cx. quinquefasciatus males but not fe-
males, indicating that males were influenced more
by trap placement than were females. Habitat ef-
fects also were significant in the ANOVAs for Cx.
quinquefasciatus but not for Cs. incidens.

Sacramento Valley: Catch size of An. freeborni
females was significantly greatest in CO, and NJ
light traps operated in agricultural habitat (Table 6).
Catch of An. freeborni males was greatest in NJ
light traps, followed by gravid traps. Catch of Cx.
pipiens females and males was greatest in gravid
traps operated in urban and suburban residential
habitat. Catch of Cx. tarsalis females was greatest
in CO, traps, followed by NIJ light traps, operated
in agricultural habitats.

Female abdominal condition: The 3 sampling

methods targeted different portions of the female
Culex population (Table 7). The NJ light and CO,
traps collected mostly empty females (i.e., no vis-
ible blood or eggs), whereas gravid traps collected
more gravid females. Proportionately more gravid
female Cx. pipiens than Cx. tarsalis were collected
in gravid traps. In contrast, most (>>95%) females
of species such as Aedes and Psorophora were un-
fed, regardless of the sampling method used (data
not shown).

Correlation analysis: Correlation coefficients
among sampling methods were calculated over both
time and space for species collected abundantly by
more than 1 method (Table 8). Catch of Cx. tarsalis
females collected by NJ light trap was significantly
correlated (P < 0.01) with females collected by
CO, trap in all biomes except for urban Los An-
geles basin, where catch was low overall. Catch of
Cx. tarsalis in gravid traps was correlated with NJ
light traps at 2 of 4 sites and with CO, traps at 1
of 4 sites. In contrast, catches of Cx. pipiens in
gravid and CO, traps were correlated at 3 of 4 sites,
but NJ light trap data was correlated with CO, and
gravid traps at only 1 each of 4 sites. Although
abundance of An. freeborni varied significantly
among methods (Table 6), patterns measured by all
3 methods were well correlated over time and space
in the Sacramento Valley. Similarly, the catch of

Table 5. Backtransformed mean number of females collected in gravid traps baited with bulrush or alfalfa
infusions.!
Bulrush Reiter
Species Sex (TN = 94) (TN = 87) P?
Culex quinquefasciatus F 11.01 2.44 <0.001
M 1.09 0.31 <0.001
Culiseta incidens F 0.35 0.01 <0.001

' TN = trap nights, F = female, M = male.
2 P, means significantly different.
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Table 6. Backtransformed mean number of adult mosquitoes per trap night, Sacramento Valley.'?

Habitat
URB SUB AGRI Mean
Species Sex Method (TN = 88) (TN = 77) (TN = 239) (TN = 404)

Anopheles freeborni F NILT 0.01 1.59 6.26 1.71a
cOo2T 0.27 1.52 7.97 2.06a
Gravid 0.35 0.00 0.98 0.40b

Mean 0.22¢ 0.89b 4.05a 1.27

An. freeborni M NILT 0.00 0.37 1.72 0.57¢
CO2T 0.00 0.00 0.00 0.00c
Gravid 0.21 0.00 0.72 0.28a

Mean 0.08b 0.11b 0.69a 0.26

Culex pipiens F NILT 0.65 0.69 0.41 0.58c
CcOo2T 1.28 5.41 1.68 2.39b
Gravid 23.06 9.98 2.26 8.51a

Mean 3.49a 3.92a 1.31b 271
Cx. pipiens M NJLT 0.24 0.98 0.30 0.47b
CO2T 0.00 0.00 0.00 0.00c
Gravid 1.86 0.78 0.19 0.82a

Mean 0.53a 0.54a 0.16b 0.40
Culex tarsalis F NILT 0.87 0.84 6.33 1.93b
CcOo2T 2.10 12.78 36.83 10.74a
Gravid 2.46 0.16 1.17 1.05¢

Mean 1.72b 2.08b 7.49a 3.13
Cx. tarsalis M NILT 0.19 0.37 2.62 0.81a
Cco2T 0.00 0.00 0.00 0.00c
Gravid 0.63 0.00 0.84 0.46b

Mean 0.26b 0.13b 0.90a 0.40

' Means followed by the same letter within each species/sex were not significantly different by the N-K range test (P > 0.05).
*URB = urban, SUB = suburban, AGRI = agriculture, TN = total trap nights for 3 methods at 10 sites for 12 wk, F = female, M
= male, NJLT = New Jersey light trap, CO2T = CO, trap, Gravid = gravid trap.

Ps. columbiae in NJ light traps was correlated sig-
nificantly (P < 0.01) with catch in CO, traps (r =
0.591) in the Coachella Valley; too few were col-
lected in gravid traps for analysis.

Model II regression equations then were calcu-
lated for significantly correlated pairs of data to es-
timate the catch in NJ light traps (NJLT) from catch
in CO, traps (CO2T). These regressions may be
useful in sampling programs replacing NJ light with
CO, traps and having historical data limited to NJ
light traps. For Cx. tarsalis equations for each bi-
ome were as follows: Coachella, NJLT = 0.876 +
0.139CO2T, R* = 0.138; San Joaquin, NJLT =
0.179 + 0.103CO2T, R? = 0.615; and Sacramento,
NILT = 4.780 + 0.050CO2T, R? = 0.163. With the
exception of the San Joaquin Valley, these regres-

sions explained <20% of the variability observed
among NI light trap counts. In the Los Angeles
basin, the regression coefficient did not differ sig-
nificantly from 0 (P > 0.05).

DISCUSSION

Catch sizes by different sampling devices varied
markedly among species and habitats. The NJ light
traps worked well for An. freeborni, Cx. tarsalis,
and Ps. columbiae in agricultural and riparian hab-
itats where competing illumination was minimal.
Catch size at NJ light traps was greater in agricul-
tural habitats in the Sacramento Valley than in the
Coachella and San Joaquin valleys. Differences in
catch were not attributed to incandescent vs. fluo-

Table 7. Percent abdominal condition composition of Culex tarsalis and Culex pipiens complex females collected
at 4 biomes by 3 sampling methods.’

Cx. tarsalis Cx. pipiens complex
Method n GR BF MT n GR BF MT
NILT 1,224 7.7 1.1 91.2 249 11.2 1.6 87.1
cOo2T 9,804 0.7 0.5 98.8 9,071 0.4 0.7 98.8
GRAV 240 56.5 95 34.0 1,475 77.1 6.3 16.6

"NJLT = New Jersey light trap, CO2T = CO, trap, GRAV = gravid trap, GR = gravid, BF = bloodfed, MT = empty.
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Table 8. Correlations over both time and space among
untransformed counts of females per trap night.

Trap comparison'

Species
and site df 1vs.2 1vs. 3 2vs. 3
Culex tarsalis
Coachella 115 0.28* 0.37% 0.54*
San Joaquin 108 0.78*  —0.05 0.15
Sacramento 108 0.40* 0.34* 0.18
Los Angeles 92  -0.06 0.02 —-0.02
Culex pipiens complex
Coachella 115 -0.02 0.17 0.33*
San Joaquin 108 0.09 0.44* 0.36*
Sacramento 108 0.40* 0.16 0.12
Los Angeles 92 0.09 0.16 0.51%*
Anopheles freeborni
Sacramento 108 0.78* 0.75* 0.71%*

'l = New Jersey light trap; 2 = CO, trap; 3 = gravid trap.
* P < 0.05.

rescent lamp brightness (Barr et al. 1960) because
both lamps purportedly output comparable lumens.
Expanded use of security lighting at houses in
many agricultural areas and the encroachment of
suburban housing areas with home and street light-
ing have produced an ‘“‘urban glow” and provided
extensive competing background illumination (Mil-
by and Reeves 1989). In addition, improved water
management and mosquito control may have re-
duced mosquito population size in many areas of
California. In combination, these factors reduced
the catch in NJ light traps in many areas of the
Coachella and San Joaquin valleys and essentially
eliminated their effectiveness in the Los Angeles
basin. Low catch size by NJ light traps throughout
southern California during the current study agreed
well with data trends summarized in unpublished
Mosquito Abundance Reports during the past 10
years.

The CO, traps circumvented problems associated
with competing background illumination and col-
lected comparable or significantly greater numbers
of all phototactic species than did NJ light traps,
even in rural areas. The CO, traps also were ad-
vantageous in that they collected large numbers of
Cx. pipiens complex females. Both NJ light and
CO, traps sampled the same portion of the female
population, collecting predominantly empty fe-
males. Previous studies in the Central Valley de-
veloped ratios between the catch size in NJ light
and CO, traps in different habitats to estimate adult
mosquito catch in NJ traps from that in CO, traps
(Milby et al. 1978, Milby and Reeves 1989). We
used linear regression to predict the number of Cx.
tarsalis females per NJ light trap night from fe-
males per CO, trap night. However, these equations
explained <20% of the variability in NJ light trap
counts at 3 of 4 sites and generally were not con-
sidered useful in placing abundance measured by
CO, traps into a historical context. Semi-log or log-

log transformations did not markedly improve the
R? values, indicating that the relationship between
these 2 methods was linear over time and space
within biomes.

Gravid traps baited with bulrush infusion col-
lected the greatest numbers of Cx. pipiens complex
females and males, especially in urban situations.
The bulrush infusion also performed well in rural
agricultural areas, where the alfalfa infusion pre-
viously was markedly less attractive and unable to
compete with natural oviposition sites (Reisen and
Pfuntner 1987, Reisen and Meyer 1990). The bul-
rush infusion collected significantly more females
than did the alfalfa infusion in 3 habitats in Orange
County and collected a greater diversity of species.
Unfortunately, the bulrush infusion failed to collect
large numbers of Cx. tarsalis gravid females when
compared with concurrently operated CO, traps.
Considering that the gonotrophic cycle of Cx. tar-
salis is about 3 days long and that daily survivor-
ship averages about 0.8 per day in most habitats
(Reisen and Reeves 1990), then if equally effective,
gravid traps should have collected about half the
number of females as CO, traps, an effectiveness
never achieved in the current study.

Interestingly, the gravid trap also collected males
and nongravid females of several species that
seemed to be responding to cues associated with
resting sites, such as decaying Schoenoplectus
odors, a plume of elevated humidity created as the
fan moved air over the infusion, and/or the color
of the black pan used to hold the infusion.

The present results indicated that the statewide
mosquito surveillance program, which is based
solely on NI light trap data, should be expanded
into an integrated mosquito surveillance program
that utilizes the most sensitive sampling methods to
measure the relative abundances of target species
in specific habitats. Gravid traps should be used in
urban and suburban environments to monitor Cx.
pipiens complex species. The NJ light traps should
be replaced by CO, traps in urban and suburban
habitats and in those agricultural and rural areas
where background illumination precludes the effec-
tive operation of NJ light traps. Because of the low
sampling effort required and the phototactic re-
sponse of the encephalitis virus vector species, Cx.
tarsalis and Aedes melanimon, NJ light traps could
be retained in rural areas of the Sacramento Valley
where trap operation remains effective.

Additional research will be required to ensure
adequate sensitivity and standardization. The CO,
traps currently in use throughout California vary
considerably in design (motor size, diameter, pro-
peller configuration), light use, and dry ice presen-
tation (pelletized or block ice placed in insulated
cans with or without holes or in styrofoam holders).
In addition, the frequency of operation and pattern
of deployment should be optimized through con-
ditional simulation experiments. The bulrush infu-
sion improved catch size and species diversity in
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gravid traps over the alfalfa infusion but still did
not collect sufficient numbers of Cx. rarsalis, the
target of most surveillance and control programs in
California. Improvement of oviposition attractants
will be necessary before this trap can replace other
sampling devices for most mosquito species.
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