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Populations of resting Culex nigripalpus were monitored 

with a ground aspirator weekly at four different sites 

in Palm Beach County, Florida from April, 1991, through 

March, 1992. There was no difference found in rainfall 

abundance or in temperature at the four sites, however 

mosquito production was significantly different. Base-

line data of the population was established and two 

sites produced high numbers of Cx. niqripalpus. One of 

these two sites acted like an island for resting 

mosquitoes, attracting them from surrounding areas; the 

other site had continuous standing water and constant 

mosquito numbers. Environmental parameters on 

population density and structure were also examined at 

the two sites. Only one of the sites showed correlation 

with rainfall in population density and structure. Both 

sites were identified for use in future St. Louis 

Encephalitis surveillance programs. 
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INTRODUCTION 

St. Louis encephalitis virus (SLE) is normally 

transmitted between wild birds and mosquitoes in nature. 

However, under certain conditions humans become infected 

with the virus. Once contracted, the disease is not 

treatable and is sometimes fatal; the elderly are 

especially at risk. It is estimated that SLE virus has 

caused as many as 10,000 clinical infections and 1000 

deaths since its discovery in 1933 (Monath, 1980). 

Major urban developments have dramatically changed the 

ecological situation to favor the frequent infection of 

man (Monath, 1980). There have been several major 

outbreaks of SLE in Florida, the most recent in 1990. 

From July 28th to December 12th, 1990, 227 people in 

Florida contracted SLE; 24 of the cases occurred in Palm 

Beach County. The encephalitis outbreak in Palm Beach 

County brought about so much concern that most night

time activities were curtailed. 

In different regions of the country, different 

mosquito species have been implicated as vectors of the 

virus. Culex nigripalpus Theobald was shown to be the 

primary vector of SLE during the 1961 and 1962 epidemics 

in the Tampa Bay area (Chamberlain, et al. 1964, Dow, et 
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al. 1964, Lewis, et al. 1964 and Sudia and Chamberlain, 

1964) and is considered the primary vector of SLE virus 

in Florida. 

Cx. niqripalpus is a tropical species abundant in 

south and central Florida. The adult emerges during the 

early evening and immediately settles in the grass and 

shrubs marginal to the larval site. By daylight these 

adults move to areas of dense vegetation, such as oak or 

cypress hammocks with dense canopy (Nayar, 1982). 

Provost (1969) obser~ed that during the daytime Cx. 

niqripalpus rests in dense vegetation, close to the 

ground, or even within the leaf litter or ground 

detritus. The adults will penetrate such concealment 

more deeply on hotter and drier days than on humid, 

overcast and cooler days. In the evening in Florida 

they may rest anywhere from the treetops to the ground. 

Day and Carlson (1985) observed that rainfall 

patterns influenced mosquito abundance and the presence 

of gravid females in the field. The chances of an 

epidemic are greatly increased when viruses are in 

circulation and frequent rainfall increases the mosquito 

population. A higher daily survival rate and a greater 

proportion of the females blood-feeding and ovipositing 

regularly results in a several-fold increase in the 

population. All epidemics are associated with the 

presence of large populations of adult mosquitoes. 

Breeding of Cx. nigripalpus is at its lowest level 
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from January through March, followed by a slow 

population buildup from April through June; concurrent 

with a sharp increase in rainfall, the peak population 

occurs from July through October, with a gradual decline 

during November and December (Provost, 1969; Day and 

Edman, 1988). 

The purpose of this study was to monitor the Cx. 

niqripalpus populations at four different field sites in 

Palm Beach County, Florida to examine the effects of 

environmental parameters on mosquito population density 

and structure and to identify sites for future SLE 

surveillance studies. 
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MATERIALS AND METHODS 

Collection sites 

Four different collection sites were chosen in Palm 

Beach County, encompassing an east to west distribution. 

The sites were located in areas not treated by Mosquito 

Control of Palm Beach County. 

Boynton Beach 

This site is situated approximately one 

mile west of the Atlantic ocean in a mostly 

commercial area. It is a typical mangrove 

swamp (Conocarpus erectus Linnaeus) heavily 

shaded and consistently saturated with 

standing water. 

Lillian 

This site is approximately eleven miles 

northwest of the Boynton Beach site located 

in suburban West Palm Beach. It is 

surrounded by apartment complexes and 

residential houses. The dominant tree 

species are brazilian pepper (Schinus 

terebinthifolius Raddi) and melaleuca 

(Melaleuca guinquenervia (Cavanilles) S.T. 

Blake). There is a lush understory of 
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herbaceous plants providing ample resting 

sites for mosquitoes. Standing water 

occurs year-round. 

Melaleuca 

This site is located in a residential area 

and is two miles southwest of the Lillian 

site. It is a typical scrub area dominated 

by slash pines (Pinus elliottii Engelmann), 

cocoplum (Chrysobalanus icaco Linnaeus) and 

saw palmetto (Serenoa repens Bartram). The 

sandy soil is dry except after heavy 

rainfall. 

Heritage Farms 

The western site is located approximately 

ten miles west of the Atlantic ocean in a 

predominantly farm area with citrus groves 

and nurseries. It is a slash pine hammock 

with no standing water. 

Mosguito collections 

Weekly collections of the resting adult populations 

were done at each of the four sites using a ground 

aspirator as described by Perdew and Meek (1990) (Fig. 

1). Fifteen minute collections were made at each 

location between 0730 and 1030 h. for a one year period 

that commenced April, 1991 and ended in March, 1992. 

Ambient temperature was recorded at each site with a 
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pocket thermometer. Rainfall was monitored by rain 

gauges placed in the field beginning in July, 1992. 

Mosquito collections were placed in a cooler, 

returned to the lab, and frozen at -20°C, separated by 

species and counted. Specimens of Cx. niqripalpus were 

divided into males and four groupings of females: newly 

emerged or green, empty, blood-fed and gravid. 

Data analysis 

Mosquito production at the four sites was analyzed 

statistically by one-way ANOVA using a square root 

transformation (Sokal and Rolhf, 1981) followed by 

Duncans multiple range test (Steel and Torrie, 1960). 

Mosquito production from the light trap and the 

aspirator at Heritage Farms was analyzed statistically 

by one-way ANOVA (Sokal and Rolhf, 1981). Correlation 

analysis (Sokal and Rolhf, 1981) was used to determine 

relationships between mosquito numbers, population 

structure, rainfall and temperature. 
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Figure 1. Craftsman Cordless Broom, model 900.798770 
(Sears, Roebuck and Co.), modified for 
aspirating small flying insects (Perdew, P.E. 
and C.L. Meek, 1990). 
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RESULTS 

Mosquito collections 

Over the course of one year 6454 mosquitoes were 

collected at the four collection sites; 54% were male 

and 46% female. A total of 2927 female mosquitoes 

representing seven genera and nineteen different species 

were identified, of which Cx. nigripalpus and Wyeomyia 

mitchelli {Theobald) were the most abundant (Table 1). 

Total collections from all four sites show that 

Cx. nigripalpus populations begin to increase in August, 

leveling off in September and starting to decrease in 

October (Fig. 2). This pattern is typical for this 

species as shown in other Florida studies (Provost, 

1969; Day and Edman 1988). 

Mosquito production at the four sites was found to 

be significantly different (ANOVA with square-root 

transformations, P<0.05) (Fig. 3). The Melaleuca site 

was not a very productive site for Cx. nigripalpus as 

very few were collected there. The Heritage Farm site 

and the Boynton Beach site showed patterns of 

production, with a single peak of Cx. nigripalpus 

production during the month of September. The seasonal 

pattern was similar, but the mosquito abundance varied 
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significantly between these two sites (ANOVA with 

square-root transformations, P<0.05). The Lillian site 

showed a trimodal pattern of mosquito production. 

Mosquito production peaked during the months of April, 

September and November. The Lillian site was 

significantly different (ANOVA with square-root 

transformations, P<0.05) from the Boynton Beach site in 

production pattern and overall abundance (Fig. 3). 

Lillian and Heritage Farms did not differ significantly 

in abundance, even though the distribution patterns at 

these two sites were different (Fig. 3). 

Temperature 

Temperature was monitored at each site and no 

differences (ANOVA,P>0.05) were found from site to site. 

Figure 4 shows the total number of mosquitoes collected 

by month along with the average temperature by month for 

all four sites. During August through October, months 

when mosquito production was the highest, the average 

temperature was 28°C. During the low production months 

the temperature averaged between zooc to 23°C. 

Rainfall 

Rainfall data for each collection site was 

monitored with gauges beginning on 15 July, 1991, (Table 

2). Monthly rainfall was compared among sites by a one

way analysis of variance (ANOVA). There was no 

9 



difference found in seasonal pattern and abundance of 

rainfall (ANOVA, P>0.05) at the four sites. 

Figure 5 shows the total number of mosquitoes 

collected by month along with the average rainfall by 

month for all four sites. 

Rainfall and mosquito density showed correlation 

(P<0.05) at the Heritage Farms site (Fig. 6) but not at 

the Lillian and Boynton Beach sites (P>0.05). 

Heritage Farms showed correlation (P<0.05) between 

rainfall and populati~n structure. Correlation was 

shown for empty, green, blood-fed and gravid females. 

The Lillian and Boynton Beach sites showed no 

correlation (P>0.05) between rainfall and any population 

structure. Heritage Farms showed an increase in the 

percentage of blood-fed females during the months of 

August, September, October and November, whereas the 

Lillian site showed a constant flow of blood-fed 

mosquitoes starting in the month of May (Fig. 7), and 

continuing throughout the rest of the collection year. 

Comparison of Aspirator and Light Trap collections 

In a comparison of light trap collections obtained 

from Mosquito Control and aspirator collections at 

Heritage Farms, the light trap collections yielded 

greater numbers of mosquitoes, (Fig. 8), most of which 

were host-seeking females; whereas the aspirator yielded 

significantly (ANOVA, P<0.05) lower numbers but 
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collected different physiological stages of females as 

well as a greater percentage of males. Over the months 

both collection methods showed the highest mosquito 

production in September and October and a similar 

pattern of production throughout the year. 
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Table 1. Female mosquitoes collected in ground 
aspirator collections in Palm Beach County, Florida, 
between April, 1991 and March, 1992. 

Mosquitoes 

Culex niqripalpus 
Culex bahamensis 
Culex iolambdis 
Culex opisthopus 
Culex atratus 
Wyeomyia mitchellii 
Wyeomyia vanduzeei 
Anopheles crucians 
Anopheles albimanus 
Anopheles quadrimaculatus 
Psorophora pygmaea 
Psorophora ferox 
Uranotaenia iowii 
Uranotaenia sapphirina 
Aedes taeniorhynchus 
Aedes aegypti 
Aedes infirmatus 
Aedes triseriatus 
Culiseta inornata 
Total 

12 

Number 
collected 

1143 
43 

2 
1 
1 

1498 
30 
42 

7 
1 

41 
27 
31 
34 
16 

4 
2 
1 
3 

2927 



Figure 2. Combined Cx. nigripalpus production from four 
sites by month from April, 1991 through 
March, 1992. 
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Figure 3. Cx. nigripalpus production at each site by 
month, April, 1991 through March, 1992. 
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Figure 4. Total number of mosquitoes collected and 
average temperature by month at all four 
sites from April, 1991 through March, 1992. 
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Table 2. Amount of rainfall collected from each site 
from July, 1991 to March, 1992 in inches. 

Sites *Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Boynton Bch 2.6 5.3 5.3 5.7 1.4 3.1 2.0 2.7 2.3 

Lillian 2.8 6.8 4.1 7.3 0.5 9.9 1.5 2.9 3.5 

Melaleuca 3.3 7.3 9.9 12 3.2 9.9 1.9 2.1 4.7 

Heritage Fm 3.5 6.3 7.3 9.7 1.5 4.6 1.4 1.4 3.0 

Totals: (Avg) 12 26 27 35 7 28 7 9 14 

* Rainfall collections began on 15 July 1991. 
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Figure 5. Total number of mosquitoes collected and 
average rainfall for all four sites by month 
from April, 1991 through March, 1992. 
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Figure 6. Rainfall and mosquito density at Heritage 
Farm site, April, 1991 through March, 1992. 
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Figure 7. Frequency of green, empty, gravid and blood
fed Cx. niqripalpus females by month at 
Heritage Farm and Lillian sites, April, 1991 
through March, 1992. 
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Figure 8. Comparison of light trap and aspirator 
collections of Cx. niqripalpus at Heritage 
Farm by month, April, 1991 through March, 
1992. 



N 
0 

Thousands (Light Trap) Hundreds (Aspirator) 
25 . 140 

120 
20 

100 

15 80 

10 60 

40 

5 
20 

0 I~ ~ I 0 
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR 

~ LIGHT TRAP - ASPIRATOR 



DISCUSSION 

T~e population of adult Cx. nigripalpus was studied 

at four different locations in Palm Beach County, 

Florida for a one year period. Mosquito production at 

the four sites was found to be significantly different 

(Fig. 3). Since there were no differences found in the 

seasonal pattern and abundance of rainfall or in the 

temperature at the four sites, other factors must have 

been influencing mosquito production. 

The Melalueca site was not a very productive site 

for Cx. niqripalpus (Fig. 3), perhaps because the sandy 

soil absorbs the rainfall rather quickly. This site was 

observed throughout the year as mostly dry. 

The Boynton Beach and the Heritage Farm sites 

showed similar patterns of production, with a single 

peak during the month of September (Fig. 3). This 

pattern is the typical of that previously documented for 

this species (Provost, 1969; Day and Edman, 1988). Even 

though the seasonal patterns between these two sites 

were similar, the mosquito abundance varied 

significantly. The Boynton Beach site may have been a 

lower production area because it is a mangrove swamp 

containing brackish water; Cx. nigripalpus prefer 
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freshwater larval habitats (Provost, 1969 and Nayar, 

1968). 

The Heritage Farm site (Fig. 3), situated in a less 

populated area in the county surrounded by citrus groves 

and farms, showed continuous production of Cx. 

nigripalpus. It presents itself as a unique site of 

production because collections made in areas directly 

surrounding the study site, around the perimeter between 

200-500 yards away, yielded few if any mosquitoes at 

different times during the collection year, while the 

more limited area of study always had high numbers of 

mosquitoes. This site possessed several physical 

characteristics favorable for attracting adult 

mosquitoes: ample shade and dense areas of vegetation 

for resting mosquitoes; rich, dark soil which was 

readily saturated after rainfall causing formation of 

pools of standing water; and the availability of hosts 

for blood-feeding. The adjacent areas were mostly open 

with low vegetation. This site may act as a refuge for 

Cx. niqripalpus by attracting mosquitoes from 

surrounding areas. This characteristic of acting like 

an "island" for resting mosquitoes increases its value 

~s a surveillance site (J.L. Day, Florida Medical 

Entomolgy Laboratory, personal communication). 

Heritage Farms is the same site used by Mosquito 

Control of Palm Beach County to monitor Cx. nigripalpus 

populations with a C02 baited light trap. The data for 
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the aspirator used in this study was compared with the 

data from the light trap {Fig. 8). The aspirator seems 

to be a valid mechanism for collecting Cx. nigripalpus 

because it showed the same pattern of distribution as 

the light trap over the collection year with differences 

only in magnitude. Another advantage of the aspirator 

collection technique is that it is unbiased towards 

physiological state of the mosquito; light traps 

selectively collect host-seeking females. When studying 

the epidemiology of SLE, it is the female mosquito of 

Cx. nigripalpus that transmits the SLE virus. The main 

focus would then be on the physiological states of the 

species, because the ones that will be potential SLE 

vectors will be the blood-feds and the gravids. The 

green or newly emerged would be virus-free because they 

have not had a blood meal yet. The blood-fed could have 

picked up the virus from its host and the gravid females 

already have had a blood meal, so could be carrying the 

virus. It would be advantageous to utilize the 

aspirator collection technique to study the epidemiology 

of SLE. 

The Lillian site showed three peaks in mosquito 

production through the year (Fig. 3). It did not differ 

significantly from Heritage Farms in overall abundance 

even though the distribution pattern at these two sites 

differed. The high numbers of mosquitoes in the month 

of April at a time when Cx. nigripalpus populations are 
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usually low and the drop of mosquito numbers in October 

made the Lillian pattern different from the other sites. 

Standing water was present year round, however, peak 

mosquito abundance occurred at times when the water 

level was highest. 

It has been reported that rainfall governs the 

abundance of Cx. nigripalpus (Day and Carlson, 1985). 

There was no difference found in rainfall at the four 

sites. In this study, rainfall and mosquito density 

showed a correlation at the Heritage Farms site (Fig. 6) 

but not at the Boynton Beach or Lillian sites. However, 

the sample size from the Boynton Beach site was too 

small for valid statistical analysis. Standing water 

was always present at the Lillian site, thus, mosquito 

production did not depend on rainfall at the Lillian 

site. With a water source continuously available, 

mosquito production was not governed by rainfall. 

The focus of this project shifted to the Heritage 

Farms and Lillian sites, where mosquito abundance was 

highest. The numbers of blood-fed and gravid mosquitoes 

correlated with rainfall at Heritage Farms, but not at 

Lillian. Heritage Farms showed high numbers during the 

high months of mosquito production and rainfall (Fig. 

7), the typical seasonal pattern reported in the 

literature (Day and Carlson, 1985). Lillian showed a 

constant flow of blood-fed mosquitoes starting in the 

month of May and continuing through the rest of the 
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collection year (Fig. 7). This is the result of the 

continuous source of standing water. There is also high 

host availability at this site. Visual observations 

always noted birds throughout most of the collection 

year, and the close proximity to residential areas also 

allows humans and domestic pets to be hosts. Lillian 

was productive throughout the year except that 

production went down during the colder months of 

collecting as it did at all the sites. 

When establishing a surveillance program, decisions 

must be made concerning collection areas. Areas should 

be sites that are not treated by local area Mosquito 

Control personnel. They should be sites that are 

accommodating to daytime resting Cx. niqripalpus, such 

as woods, fields, and marshes that have dense vegetation 

close to the ground and shady. Another decision is 

location of an area, such as in a highly populated area 

or in a low populated area. They should be sites that 

have consistently high mosquito production. Two sites 

for consideration in Palm Beach County, Florida for a 

surveillance program for Cx. niqripalpus are Heritage 

Farms and Lillian. Heritage Farms is an island that has 

continuous Cx. nigripalpus adults from surrounding 

areas. It is monitored with a light trap by Mosquito 

Control three times a week and a sentinel chicken flock 

is located nearby. The Lillian site has constant 

numbers of mosquitoes, a high reservoir host 
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availability and mosquito resting areas. These two 

sites would be ideal sites to use in a surveillance 

program for Cx. nigripalpus, which is the primary vector 

for SLE in the state of Florida. These sites would 

allow monitoring of the vector, the virus in the vector 

and the virus in the birds in the area which are the 

reservoir for the virus. A long-term study might assist 

in a better understanding of SLE in Palm Beach County, 

Florida. 
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