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THESIS ABSTRACT
FIELD STUDIES AND MONITORING OF MOSQUITO POPULATIONS (DIPTERA:

CULICIDAE) IN URBAN ENVIRONMENTS

Whitney Allyn Qualls

Master of Science, December 16, 2005
(B.S., Cumberland College, 2003)

97 Typed Pages

Directed by Gary R. Mullen

In 2004 and 2005 field work was conducted to survey and monitor larval and adult
mosquito populations in urban habitats with, primary interest in Aedes albopictus, the
Asian tiger mosquito.

In 2004 and 2005 a state-wide survey of tire-breeding mosquitoes was conducted.
Tire sites in all 67 counties in the state of Alabama were sampled for mosquito larvae. A
total of 13,022 mosquito larvae, representing 13 mosquito species in 7 genera, was
collected. The most frequently collected species were Ae. albopictus (71%),Culex
territans (7.5%), and Ochlerotatus triseriatus (7.1%). The following species were also
collected: Cx. restuans (5.2%), Cx. salinarius (3.5%), Orthopodomyia signifera (2.7%),

Cx. quinquefasciatus (1.2%), Oc. atropalpus (<1%), Toxorhynchites rutilus (<1%)
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Anopheles punctipennis (<1%), An. quadrimaculatus (<1%), An. spp. (<1%), and
Psorophora columbiae (<1%). No Ae. aegypti or Oc. japonicus were collected from tires
during this survey. Psorophora columbiae was also collected from discarded tires,
representing the first recorded collection of this species from tires.

This study demonstrated that since the first detection of Ae. albopictus at Cullman,
Alabama in 1985, Ae. albopictus has established itself throughout the state becoming the
most common tire-inhabiting mosquito in Alabama. Results also showed that the yellow
fever mosquito Ae. aegypti is no longer the dominant tire-breeder in Alabama. In fact it
appears that Ae. aegypti has been displaced from tires throughout state.

In 2004, studies were conducted to evaluate the short-range mosquito attractant 1-
octeno-3-ol (octenol) used with commercially available propane-powered mosquito traps
to increase collections of urban mosquitoes. Octenol was evaluated using the Mosquito
Magnet Pro™ (MMP) trap. Three field trials were conducted in the communities of
Auburn and Phenix City, Alabama. Four MMP traps were placed in a 1x2 factorial
design. Aedes albopictus, Coquillettida perturbans, and Oc. triseriatus collections were
significantly enhanced with octenol as determined with a 3-way ANOVA, P <.05.
Anopheles punctipennis, Ps. columbiae, Cx. restuans, and Cx. salinarius collections were
also significantly enhanced with octenol as determined by a Chi-square analysis, P <.05.
Twelve out of 13 mosquito species were collected in greater numbers with octenol than

without octenol throughout this study.
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L INTRODUCTION

Tires have long been recognized as important sites for mosquito development. The
ability of discarded tires to hold and maintain water allows for successful larval habitats
for many mosquito species to develop. Because of this ability tire dumps promote the
proliferation and dispersal of mosquitoes, increasing the potential of public health
problems ranging from nuisance complaints to transmission of mosquito-borne diseases.

Baumgartner (1988) stated that the “tire problem” is magnified because tire-
breeding mosquitoes develop rapidly, enhancing their vector ability. The most notable
tire-breeding mosquito species of medical importance in the southeastern United States
are Aedes albopictus, Ae. aegypti, Ochlerotatus triseriatus, and Oc. japonicus. Each of
these species is a competent vector for more than one important disease of humans.

Aedes albopictus, an Asian species introduced into the continental U.S. in 1985
(Francy et al. 1990) via tire shipments from Asia (Spenger and Wuithiranyagool 1986),
has established itself in the eastern half of the U. S. (Moore and
Mitchell 1997, Moore 1999). Aedes albopictus is a competent vector of Dengue and
Yellow Fever Viruses (Gokhale et al. 2001). Laboratory tests have shown that Ae.
albopictus is a competent vector of over 22 arboviruses (Moore and Mitchell 1997)

including Ross River Virus and West Nile Virus (Mitchell et al. 1987).



Eastern Equine Encephalitis Virus (Moore and Mitchell 1997) and La Crosse Virus
(Erwin et al. 2002) has been isolated from field-collected specimens. This mosquito
breeds in a variety of natural and artificial containers.

Aedes aegypti, introduced into the Americas via the slave trade, is the primary
vector of Yellow Fever Virus (Fontenille et al. 1997). This species is also a competent
vector of Dengue Virus (Thavara et al. 2001). In the 1960s, Ae. aegypti dispersal in the
continental United States was linked to interstate tire shipments (Haverfield and Hoffman
1966). This mosquito breeds in a variety of natural and artificial containers.

Ochlerotatus triseriatus, the primary vector of La Crosse Encephalitis Virus in the
upper Midwest (DeFoliart et al. 1986), is widely distributed across the eastern half of the
U.S. and southern Canada (Darsie and Ward 1981). The number of La Crosse cases has
been directly linked to the number of discarded tries containing Oc. triseriatus (Beier et
al. 1982). This species breeds primarily in water-filled cavities in deciduous trees, but
also in artificial containers such as tires (Joy et al. 2003).

Ochlerotatus japonicus, a native of Japan and Korea (Tanaka et al. 1979), was first
detected in America in New York in 1998 (Peyton et al. 1999). Peyton et al (1999)
suggested that the mode of introduction into the northeastern United States was in used
tires. This mosquito has recently extended its southern range into Georgia, North
Carolina, and Alabama (Gray et al. 2005 and Mullen 2005). Ochlerotatus japonicus is
the primary vector of Japanese Encephalitis Virus in its native range. This species is an
efficient laboratory vector of West Nile Virus (Sardelis and Turell 2001), La Crosse
Virus (Sardelis et al. 2002), and Eastern Equine Encephalitis Virus (Sardelis et al. 2002).
West Nile Virus has been detected in multiple pools of Oc. japonicus collected in the
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northeastern United States during the summer of 2000 (Centers for Disease Control and
Prevention 2000). This species is a container-breeder, utilizing both natural and artificial
containers (Scott et al. 2001).

Since many medically important mosquito species utilize tires as larval habitats, it is
important to know which mosquitoes are breeding in tires in urban settings. One way to
determine the mosquito species breeding in tires is by sampling tires for mosquito larvae.
Another method involves collecting adults using various trapping methods and
attractants.

Many tire-breeding mosquitoes are difficult to capture using standard mosquito
trapping devices such as the CDC light trap and gravid trap. In recent years octenol, a
chemical widely used to attract blood-feeding insects, has been used to enhance mosquito
collections. Octenol has not been evaluated for enhancing collections of tire-breeding
mosquitoes. The response of Ae. albopictus to octenol is of particular interest because of
its large populations in urban areas and its vectorial capacity for mosquito-borne viruses.

In 2004 and 2005 field work was conducted in Alabama to survey and monitor tire-
breeding mosquito populations in urban settings. Discarded-tire sites were sampled to
determine species breeding in tire in Alabama, species distribution by county, the extent
of Ae. aegypti displacement in tires, the seasonal occurrence of tire-breeding mosquitoes
in Alabama, and the correlation of seasonal occurrence of mosquitoes by physiographic
region in Alabama. Adult populations were also monitored at three field sties at Auburn
and Phenix City, Alabama to determine if octenol enhances collections of tire-breeding

mosquitoes.
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II. STATE-WIDE SURVEY OF TIRE-BREEDING MOSQUITOES (DIPTERA:

CULICIDAE) IN ALABAMA

Objectives
1. To determine the species of mosquitoes breeding in tires in Alabama.
2. To determine the species distribution by county throughout the State.
3. To determine the extent to which Aedes albopictus has displaced Aedes aegypti as
the dominant tire-breeding mosquito in Alabama.
4. To determine the seasonal occurrence of mosquitoes breeding in tires in Alabama.
5. To determine if there is a correlation between seasonal occurrence of tire-breeding

mosquitoes and the physiographic regions of Alabama.

In order to effectively apply mosquito-control measures, the diversity of mosquito
larval habitats must be understood. Tires are just one of many larval development
habitats that provide sufficient nutrients that allow mosquitoes to flourish. Over the years
studies have focused on tires as mosquito larval habitats.

The importation of mosquito larvae in tires was first reported in the mid 1940s.

Pratt et al. (1946) reported that shiploads of tires arriving from Asian ports were heavily



infested with seven mosquito species including Ae. albopictus. Haverfield and Hoffman
(1966) investigated intrastate movement of tire shipments in Texas and associated that
movement with the dispersal of Ae. aegypti across the state. Other studies, including
Beier et al. (1983), focused on identifying the ecological factors that regulate mosquito
production in tires.

Studies have also investigated the likelihood that natural container-breeding
mosquitoes, such as Ochlerotatus triseriatus and Oc. atropalpus, would oviposit in tires
(Haramis 1984, Restifo and Lanzaro 1980, Berry and Craig 1984). These studies
concluded that both Oc. triseriatus and Oc. atropalpus readily oviposit in tires,
potentially altering their development time and their vectorial capacity (Haramis 1984,
Baumgartner 1988). However, after the introduction and establishment of Ae. albopictus
in the United States (1985) via the tire trade (Sprenger and Wuithiranyagool 1986),
attention has shifted to recognizing the importance of tires as a means of introduction of
nonindigenous mosquito species. Reiter and Sprenger (1987) investigated the tire trade
and found that just after the initial discovery of Ae. albopictus in Texas, 12 other states
were infested with Ae. albopictus populations. Nearly all of the infestations were in
tires.

With the ever increasing human population and accumulation of used tires in urban
areas, along with the introduction of Ae. albopictus, focus has again shifted to
recognizing the importance of discarded tires as a major source of mosquito production.
Many studies have been conducted to determine what mosquito species are breeding in
tires. A study in Connecticut (1988) investigated nine tire disposal sites to determine the

mosquito species present with specific interest in Ae. albopictus (Andreadis 1987). Aedes

8



albopictus at that time had not yet extended its distribution into Connecticut, but had
been found in surrounding states Maryland and Delaware (Centers for Disease Control
and Prevention 1987). Another study in Illinois investigated the species composition and
abundance of mosquito larvae at a large tire dump site where Ae. albopictus had
previously been reported (Lampman et al. 1997). Other studies have focused on
characterizing tires habitats, to determine factors influencing mosquito production
(Morris and Robinson 1994, Joy Hildreth-Whitehair 2000, Joy et al. 2003). From these
studies 18 mosquito species have been reportedly collected from tires in the eastern half
of the United States. These species are Ae. albopictus, Ae. aegypti, Ae. vexans,
Anopheles barberi, An. punctipennis, An. quadrimaculatus, Culex pipiens, Cx.
quinquefasciatus, Cx. restuans, Cx. salinarius, Cx. territans, Culiseta melanura,
Ochlerotatus atropalpus, Oc. bahamensis, Oc. triseriatus, Oc. japonicus, Orthopodomyia
signifera, and Toxorhynchites rutilus. See Appendix for a list of the mosquito species
and their respective authors mentioned throughout the text.

Sixteen of the above 18 mosquito species occur in Alabama, the exceptions being
Cx. pipiens and Oc. bahamensis (Darsie and Ward 2005). Culex pipiens is widely
distributed across the northern United States and in British Columbia, Canada.
Ochlerotatus bahamensis distribution is localized to only the southeastern portion of
Florida.

The first detection of Ae. albopictus in the state of Alabama was from a tire site in
Cullman County in 1986. There has never been a survey of tire-breeding mosquitoes in
Alabama prior to, and since, the introduction of Ae. albopictus. This survey was

conducted to determine what mosquito species are breeding in tires in Alabama. Aedes
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aegypti was once the dominant mosquito breeding in tree holes and artificial containers,
including tires in Alabama. Recent studies have suggested changes in species
composition and dominance structure (Edgerly et al. 1993) since the establishment of Ae.
albopictus in North America. Aedes albopictus has been associated with the
displacement of native container-breeding mosquitoes, such as Ae. aegypti and Oc.
triseriatus (Juliano 1998). In the last 17 years, Ae. aegypti has been scarce or absent in
Alabama (G. R. Mullen unpublished). One objective of this survey was to determine to
the abundance of Ae. aegypti in tires in Alabama.

This is one of the few comprehensive state-wide surveys of tire-breeding
mosquitoes that has been conducted in the United States. In Florida Ae. albopictus
movement has been documented since its first detection in 1986. In 1992 Ae. albopictus
was collected in 64 out of 67 counties in Florida from containers such as tires and
cemetery vases (O’Meara et al. 1993) Another comprehensive study was conducted in
West Virginia over a six-year period. Containers, including tires, from 54 of 55 West
Virginian counties were sampled for container-breeding mosquitoes (Joy and Hildreth-
Whitehair 2000). These data were correlated with the population size of Oc. triseriatus
and the incidence of La Crosse Virus in the counties sampled.

Seasonal data of tire-breeding mosquitoes generated by this survey will be useful
for mosquito-control programs throughout the State and in determining if there is any
correlation between the seasonal occurrence of tire-breeding mosquitoes and the different
physiographic regions of Alabama. Because temperature directly affects developmental
time, it is possible that seasonal differences in the emergence of tire-breeding mosquitoes

may occur in these five physiographic regions.
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Materials and Methods

This study was organized by coordinating the Alabama Department of Public
Health area administrators and county environmentalists to sample discarded tires in their
respective counties from May 1 to October 31, 2004 (Figure 1). This was followed by
sampling tires in 2005 in counties in which tire-breeding mosquitoes were not collected
during the summer of 2004. The tire sites sampled ranged from two tires per tire site to
huge tire sites with over 50,000 tires. In 2004 two or more tire sites per county were
sampled twice a month, one collection taken during the first half of the month and the
second collection during the latter half of the month. One or two tire sites were sampled
from the remaining counties during 2005.

Each ACHD county environmentalist was asked to follow the same sampling
protocol: (1) agitate the tire before collecting a sample to ensure that both bottom-feeding
and top-feeding larvae were sampled, (2) collect a sample using either a dipper or baster,
(3) filter the sample through a small aquarium net, (4) invert the aquarium net into a
small container of alcohol, and (5) pipette the larvae from the small container of alcohol
into a four-dram vial of 70% ethyl alcohol. At least four tires were sampled from each
tire site, with a minimum collection of 20 larvae per collection site.

Larvae were sent to the medical entomology lab at Auburn University via the
Alabama Department of Public Health Courier system to be identified. All third- and
fourth-instar larvae were identified using Darsie and Ward’s (1981) Identification and
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Geographical Distribution of the Mosquitoes of North America, North of Mexico. First-
instar larvae, second-instar larvae, and pupae were not identified during this survey.
Voucher specimens for each species have been deposited in the Auburn University Insect
Collection.

The data generated from this survey were used to determine if there was a
correlation between the physiographic regions in Alabama (Figure 2) and seasonal
occurrence of tire-breeding mosquitoes in these regions. The five physiographic regions
are: Highland Rim, Cumberland Plateau, Alabama Valley and Ridge, Piedmont Upland,
and the East Gulf Coastal Plain. Soils in the Highland Rim region are mostly red clay of
limestone origin. The forests are comprised mostly of hardwoods, red cedar, and some
pines. The Cumberland Plateau has mostly sandy loams, although clay soils are not
uncommon in the southern portion of this region. The Alabama Valley and Ridge has
soils ranging from gravelly loams to clay where the Piedmont Upland has clay soils that
tend to be rocky. The East Gulf Coastal Plain soils vary from acid sands and sandy loams

to heavy, calcareous, alkaline types. (Mount 1975)

Results

Tires were sampled in 52 of 67 counties from May 1 to October 31, 2004 (Figure
3a). The 15 counties in which collections were not made in 2004 were: Cherokee,
Coosa, Houston, Jefferson, Lamar, Lawrence, Limestone, Madison, Marengo, Perry,
Randolph, Tallapoosa, Walker, Wilcox, and Winston, (Figure 3b). Tires were sampled
from the counties that did not collect larval samples in 2004 during the summer of 2005.
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Houston County was sampled in April 2005; samples were collected from Cherokee,
Jefferson, Lamar, Lawrence, Limestone, Madison, Randolph , Tallapoosa ,Walker, and
Winston in July; and Coosa, Marengo, Perry, and Wilcox counties in August. County
environmentalist in Jefferson and Houston Counties collected larval samples in their
respective counties in 2005. The 13 remaining counties were sampled by going myself to
each county and locating a tire site. A total of 169 tire sites was sampled from
throughout this survey (Figure 4) with a total of 13,022 mosquito larvae identified,
representing 12 mosquito species in 7 genera (Table 1).

The most frequently collected mosquito species were Ae. albopictus (71%), Cx.
territans (7.5%), and Oc. triseriatus (7.1%). The following species were also collected:
Cx. restuans (5.2%), Cx. salinarius (3.5%), Or. signifera (2.7%), Cx. quinquefasciatus
(1.2%), Oc. atropalpus (<1%), Tx. rutilus (<1%), An. punctipennis (<1%), An.
quadrimaculatus (<1%), An. spp. (<1%), and Ps. columbiae (<1%). Total larval
collections throughout this survey by county and month are shown in Table 2. The
geographic distribution, by county, of each mosquito species collected in this survey from
tires sites is presented in Figures 5-8.

Aedes albopictus was collected from all 169 tire sites sampled, indicating that it is
established in every county in Alabama. Aedes albopictus overlapped in tire yards with
Oc. triseriatus in 39 counties in Alabama. No Ae. aegypti larvae were found in tires
during this study, nor larvae of the recently introduced Oc. japonicus.

There was no difference in the seasonality of Ae. albopictus and Oc. triseriatus by
2-week intervals observed in tires during this survey (Figure 9). There was a seasonal

difference observed in collections of Oc. atropalpus, Ps. columbiae, and Anopheles
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species. Ochlerotatus atropalpus was collected first during the first half of June and then
was not collected again until the second half of July. Psorophora columbiae was only
collected during the last half of June and the month of July. Anopheles species were only
collected from tires during the first part of the summer months. The remaining species
were collected consistently throughout each collection period, i.e., first half or second
half of months May-October, 2004 and 2005 (Table 3).

The data were not sufficient to show any correlation between physiographic region
and seasonal occurrence of tire-breeding mosquitoes (Tables 4 and 5). Anopheles
species, Cx. quinquefasciatus, Cx. salinarius, Oc. atropalpus, Or. signifera, and Ps.
columbiae larvae were not collected in the Piedmont region in Alabama throughout this
survey. However, distributions of these species fall within the Piedmont region
according to Darsie and Ward (2005). Anopheles quadrimaculatus, Oc. atropalpus, and
Ps. columbiae larvae were not collected in the Cumberland Plateau or Highland Rim
regions, although the reported distributions of these species fall within these regions
(Darsie and Ward 2005) (Figure 10).

Discussion

Throughout this survey tire dump sites, service stations, tire dealers, auto repair
shops, and salvage yards were sampled in rural and urban areas of Alabama. All of these
sites produced mosquitoes suggesting that the “tire problem” (Baumgartner 1988) is not
just localized to large tire dump sites in rural areas. A total of 13 mosquito species was
collected from tires in Alabama. Many of the urban tire sites sampled had more than one

species of mosquito present throughout the entire survey.
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Aedes albopictus was collected from tire sites in combination with the 12 other
mosquito species collected throughout the survey. Culex territans was frequently
collected from the same tire sites as Cx. restuans and Oc. triseriatus. Although previous
studies had reported that Cx. territans does not commonly utilize tires as a larval habitat
(Wilmot et al. 1992, Jamieson et al. 1994), Joy et al. (2003) found relatively high
occurrence of Cx. ferritans larvae in abandoned tire sites in their survey in West Virginia.
Our data supports Joy et al.’s findings in that Cx. territans was the second most
frequently collected tire-breeding species in Alabama throughout the survey.

The distributions of 12 of the 13 mosquito species fell within their previously
known ranges (Darsie and Ward 2005). However, collections of Oc. atropalpus occurred
farther south, in Montgomery County, than its distribution shown in Darsie and Ward
(2005). Craig (1980) suggested that once Oc. atropalpus was introduced into tire yards
by both local and interstate transportation of discarded tires, this species would probably
extend its range. Since Oc. atropalpus females are autogenous for their first ovarian
cycle (O’Meara and Krasnick 1970), they can exploit large numbers of tires, in turn
extending their distribution (Beier et al 1983). Ochlerotatus atropalpus was collected
from only one tire site (Montgomery County) on one occasion. This does not necessarily
confirm that Oc. atropalpus has extended its southern range in Alabama as this sample
could have been collected from a tire recently shipped from an area where Oc. atropalpus
populations are known to occur.

The collections throughout this survey were inconsistent. Many counties did not
collect from more than one tire site. Other counties only sampled during one month of the

survey period. On the other hand, some counties were very consistent with their larval
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collections, collecting from more than one tire site throughout the survey. Because of
this no conclusions on the seasonality of tire-breeding mosquitoes in Alabama can be
made from the data obtained.

Psorophora columbiae was collected from only one tire site (Pickens County) in
June and July 2004. This species usually breeds in woodland pools and has not been
previously reported to breed in tires. This collection is presumed to be incidental and
does not suggest that Ps. columbiae was regularly present in tires during the survey
period.

There were no collections of Oc. japonicus throughout this survey, nor had this
species been reported in Alabama prior to this survey. The previously reported southern-
most collection of this species was in Fulton County, Georgia (Gray et al. 2005).
However, in the summer of 2005 a single adult Oc. japonicus female turned up in a CDC
gravid trap in Jackson County, AL (Mullen 2005). Aedes albopictus was the only
mosquito collected in the larval stage from tire sites in Jackson County during the tire-
breeding mosquito survey in Alabama in 2004.

Aedes albopictus was collected at every tire site sampled in this survey. Apparently
this species has been successful at establishing itself throughout Alabama. Since Ae.
aegypti was not collected at all in this survey, the implication is that Ae. albopictus has
Ae. aegypti as the dominant tire-breeder in Alabama. This has similarly been observed
by others, most notably in some habitats in Florida (O’Meara et al. 1992), South Carolina
(Richardson et al. 1995), and Louisiana (Nasci 1995).

Ochlerotatus triseriatus overlapped with Ae. albopictus in 39 of the 67 counties

sampled. Previous studies have suggested that Ae. albopictus would displace Oc.
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triseriatus because of its competitive advantage in both larval development time and its
ability to hatch in high densities (Ho et al. 1989, Edgerly et al. 1993). However, Moore
(1999) stated that temporal and spatial differences between these two species would
decrease the likelihood of Oc. triseriatus being displaced by Ae. albopictus. The data in
this survey showed that many natural container-breeders like Oc. triseriatus and Or.
signifera readily oviposited in tires at the same sites in which large collections of Ae.
albopictus were collected. This may be attributed to the fact that urbanization has
reduced natural breeding sites, directly affecting breeding habits of certain tree-hole
breeding mosquitoes.

Since Ae. albopictus is still considered a potential vector in West Nile Virus
transmission and is considered the number one nuisance mosquito in many urban areas of
the southeastern United States, its distribution is relevant in assessing the potential public
health risks. Because the public is aware of West Nile Virus, better strategies need to be
implemented to control the “tire problem”. This is already apparent in some of the
counties in Alabama that have their own vector control units or mosquito control
programs. In the cities of these counties, there is rapid turnover of tires. The tires are
removed in a timely fashion so that they are not producing large populations of
mosquitoes. Thus, educating the public on the importance that tires play in the
production of mosquitoes can influence action to clean up tire sites.

This study provides a baseline for other invasive mosquitoes that might become
established in Alabama. Even though Ae. aegypti once considered to be the dominant
tire-breeding mosquito in Alabama, we have no reported baseline for its distribution in
tires in Alabama. With the recent detection of Oc. japonicus in Alabama, there is the
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possibility of this introduced species becoming established in the state. Since Oc.
Japonicus readily develops in tires, the geographic spread of this species and its possible
impact on Alabama’s tire-breeding mosquito fauna can be monitored in the future based

on the baseline information provided.
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Table 1. Total numbers and percentages of mosquito species collected from tires in
Alabama by month, based on the 2004-2005 larval survey. Species are listed in
descending order of the total numbers of each species collected.

Mosquito

Species May June July Aug. Sept. Oct. Totals %

Aedes

albopictus 129 1832 3234 2088 1451 429 9163 71

Culex territans 29 135 171 296 220 192 1043 7.5

Ochlerotatus

triseriatus 0 190 370 195 148 18 921 7.1

Culex restuans 44 393 94 156 62 28 777 5.2

Culex salinarius 15 58 121 61 85 13 353 35

Orthopodomyia

signifera 0 51 132 32 73 28 316 2.7

Culex

quinquefasciatus 3 9 27 8 93 36 176 1.2

Ochlerotatus

atropalpus 0 35 39 30 29 0 133 0.9

Toxorhynchites

rutilus 0 14 28 22 12 7 83 0.7

Anopheles spp. 1 3 10 8 0 1 23 0.2

Psorophora

columbiae 0 13 8 0 0 0 21 0.2

Anopheles

punctipennis 0 10 0 0 0 0 10 <0.1
Anopheles

quadrimaculatus 0 3 0 0 0 0 3 <01
Totals 221 2746 4234 2896 2173 752 13022 100
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Figure 1. Map of Alabama Counties reproduced from the Department of Geography,
College of Arts and Sciences, the University of Alabama.
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Figure 2. Map of Alabama physiographic regions reproduced from the Department of
Geography, College of Arts and Sciences, the University of Alabama.
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Figure 3. Alabama counties in which larvae were collected from tires, shown in gray. a,
2004. b, 2005.
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Figure 4. Map of Alabama showing the locations of tire sites sampled in each county
during the 2004-2005 larval survey. A total of 169 tire sites was sampled.
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Aedes albopictus Culex

Culex restuans Culex salinarius

Figure 5. Distribution, by county, of tire-breeding mosquitoes in Alabama, based on
2004-2005 larval survey. Aedes albopictus, Cx. quinquefasciatus, Cx. restuans, and Cx.
salinarius
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—,

Culex territans Ochlerotatus
atropalpus

Ochlerotatus Orthopodomyia
triseriatus signifera

Figure 6. Distribution, by county, of tire-breeding mosquitoes in Alabama, based on
2004-2005 larval survey. Culex territans, Oc. atropalpus, Oc. triseriatus, and Or.
signifera.
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Anopheles punctipennis Anopheles quadrimaculatus

Figure 7. Distribution, by county, of tire-breeding mosquitoes in Alabama, based on
2004-2005 larval survey. Psorophora columbiae, Tx. rutilus, An. punctipennis, and An.
quadrimaculatus.
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Anopheles spp.

Figure 8. Distribution, by county, of tire-breeding mosquitoes in Alabama, based on
2004-2005 larval survey. Anopheles spp.
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Psorophora columbiae
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Orthopodomyia signifera ]
Culex salinarius ]

Culex restuans

Ochlerotatus triseriatus
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Aedes albopictus
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Figure 9. Occurrence of tire-breeding mosquitoes by 2-week intervals from May through
October, based on the 2004-2005 larval survey.
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Highland Rim Cumberland Plateau

Alabama Valley
and Ridge

4 Piedmont Upland

Figure 10. Map of Alabama showing the 5 physiographic regions and the number of tire
sites sampled per county, based on the 2004-2005 larval survey.
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EVALUATION OF THE MOSQUITO ATTRACTANT OCTENOL FOR ENHANCING
COLLECTIONS OF TIRE-BREEDING MOSQUITOES IN PROPANE-POWERED

TRAPS

Objectives
1. To determine the species of mosquitoes that are attracted to octenol in an urban
setting.
2. To determine if propane-powered traps baited with octenol are an effective tool in
monitoring tire-breeding mosquito populations.
3. To determine if propane-powered traps are effective in reducing populations of urban

mosquitoes below nuisance levels.

1-octeno-3-ol, (octenol) is a volatile compound that has been isolated from many
natural sources, including both invertebrates and vertebrates. Octenol is an §-carbon
mono-unsaturated alcohol with two isomers. Hall et al. (1984) was the first to isolate
octenol from oxen breath, and the substance was first successfully used as an attractant in
the tsetse control programs in Zimbabwe and other parts of Africa (Torr 1994).
Ceratopogonids (Kline 1994), tabanids (French and Kline 1989), oestrids (Anderson
1989), and mosquitoes (Takken and Kline 1989; Kline et. al 1990, 1991) have been

shown to be similarly attracted to traps baited with octenol.
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Field studies conducted in a variety of ecological habitats to evaluate the
attractiveness of octenol to mosquitoes, including estuarine ecosystems (Kline et al. 1990,
1991; Takken and Kline 1989, Rueda et al. 2001), freshwater swamps (Takken and Kline
1989), phosphate-mined areas (Kline et al. 1990), and irrigated ricelands (Kline et al.
1991), have shown that many mosquito species are attracted to octenol. Although Kline
(1994) found that Ochlerotatus sollicitans, Oc. taeniorhynchus, Oc. triseriatus, Culex
salinarius, and Mansonia titillans have shown a positive response to octenol-
supplemented traps, other studies showed no effects on collections when octenol alone
was used as an attractant (Kline 1994, Kline 2002). In fact, octenol reportedly can cause
a negative response in Culex (Kline 1994, Mboera et al. 2000, Burkett et al. 2001). Other
studies have shown that the combination of carbon dioxide and octenol results in a
synergistic effect in the response of many mosquito species (Kemme et al. 1993, Kline
1994, Kline and Mann 1998).

In recent years trapping devices have been developed utilizing catalytic combustion
of propane to produce CO,, heat, and water vapor as a means of managing some
mosquito populations (Kline 2002). The Mosquito Magnet Pro™ ™ (MMP) is one such
propane-powered trap that uses a counterflow technology™ to emit a plume of CO,, heat,
and water vapor in combination with octenol. Studies have shown that these octenol-
supplemented traps often collect large numbers and a diversity of mosquito species when
operated in proximity to salt marshes (Takken and Kline 1989, Kemme et al. 1993, and
Rueda et al. 2001). Other studies have shown no differences in collections when octenol
is used in other ecological habitats (Burkett et al. 2001, Rueda et al. 2001 and Shone et al
2003). Rueda et al. (2001) found that when trapping in a salt marsh in North Carolina
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with light traps baited with CO,, light and octenol, collections of important vectors of
Eastern Equine Encephalitis virus were increased. However, when collecting in a creek
flood plain in North Carolina, these authors found no statistically significant difference in
mosquito collections with the addition of octenol (Rueda et al. 2001).

The MMP traps, produced by the American Biophysics Corporation, are
commercially available to homeowners. The pamphlet that comes with the traps cautions
“that recent studies show that Octenol may actually repel the Asian Tiger Mosquito”
Aedes albopictus, the number-one nuisance mosquito in many urban communities in the
southeastern United States. The source of this statement was unpublished proprietary
studies. Only a few studies have addressed the response of Ae. albopictus to octenol-
supplemented traps (Shone et al. 2003 and Dennett et al. 2004). Shone (2003) used the
Fay-Prince trap baited with CO, and CO, + octenol to evaluate the ability of the trap to
collect Ae. albopictus. They found no statistically significant differences in the response
of Ae. albopictus to these two combinations of attractants. Traps using either carbon
dioxide alone or CO; + octenol were, on the other hand, statistically more attractive to
Ae. albopictus than were traps that were either unbaited or used only octenol. These
results suggested that CO; is driving the response of Ae. albopictus, not octenol. Shone et
al. (2003) did not indicate that octenol was acting as a repellent to Ae. albopictus. Thus,
there are no published reports that provide a basis for American Biophysics
Cooperation’s statement.

Propane traps in combination with the attractant octenol have not been extensively
evaluated in urban areas. This leaves unanswered questions as to whether or not octenol

is attractive or repellent to certain urban mosquitoes. This study was designed to evaluate
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the effectiveness of the MMP with and without octenol in attracting mosquitoes typically
found in urban environments.

Three field trials were conducted in the communities of Auburn and Phenix City,
Alabama, to evaluate octenol. The specific objectives of the study were to determine:
(1) the species of mosquitoes attracted to octenol in an urban setting, (2) if the MMP
using octenol as an attractant is an effective tool for monitoring mosquito populations,
and (3) if the MMP is an effective trap in reducing mosquito populations of urban

mosquitoes below nuisance levels.

Study Sites

Field Trial 1

Preliminary field trial 1 was conducted using two MMP traps at an auto-repair shop
at Auburn, Alabama. Behind of the auto-repair shop was an outdoor tire-storage area
where about 200 discarded tires, ranging from compact-car tires to tractor-trailer tires,
were stored. About half of these tires were sheltered in a covered tire rack. Because the
tires were protected, the tires did not hold water and subsequently were not sites of
mosquito larval development. The remaining tires were stored in an open area adjacent
to the tire rack. These tires were either laying flat on the ground or propped up against
other tires. Mosquito larvae were observed in many of these tires. A fence covered with
kudzu (Pueraria montana) bordered the perimeter of the auto shop just behind the area

where the tires were located.
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Field Trial 2

Preliminary field trial 2 was conducted using two MMP traps placed in the
proximity of 4 greenhouses located on the Auburn University Campus. Two MMP traps
were placed 2 meters apart in a low-lying drainage area that collected runoft from the
irrigation system used in the greenhouses. Small runoff pools were formed in this area
allowing mosquito breeding. Loblolly pine (Pinu taeda), American holly (/lex opaca),
pin oak (Quercus palustris), and willow oak (Quercus phellos) were the predominant
vegetation in the drainage area. Ornamental ponds that held about 4-6 inches of standing

water were located near the greenhouses and were possible mosquito breeding sites.

Field Trial 3

The salvage yard is a 3-acre fenced lot with cars, car parts, and discarded tires
scattered throughout. The site mostly consisted of wrecked cars that were lined up in
rows in the front and back of the lot. At the front end of the lot approximately 25 tires
were stacked horizontally on top of each other and held very little rain water. Along the
far back fence corner there were approximately 40 tires of varying sizes that consistently
held water during the 8-week field trial. Mosquito larvae were observed in these tires. In
the center of the salvage yard a wooded area consisting of predominantly sweet gum
(Liquidamtar styraciflua) and swamp willow (Salix caroliniana) separated the front lot
from the back lot. Other vegetation in this area included tulip tree (Liriodendron
tulipifera), goldenrod (Solidago spp.), cattails (Typha latifolia), sedge (Carex firma), and
rush (Juncus patens). Approximately 500 tires were scattered throughout the adjacent

wooded area. These tires were lying on their sides, propped up against one another, or
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piled haphazardly on top of one another in tire mounds. Mosquito larvae also were

observed in these tires.

Materials and Methods

Field trials were conducted during the summer of 2004 to evaluate the performance
of the propane-powered Mosquito Magnet Pro™™ trap (Figure 11) (American Biophysics
Corporations, East Greenwich, RI). The catalytic combustion of propane, which converts
20 pounds of propane to 60 pounds of CO,, generates the power to run the counterflow
suction fan for insect entrapment while producing the long-range attractants. Replaceable
1.7-g octenol cartridges (American Biophysics Corporation) were placed in the
compartment located at the bottom of the MMP fan unit.

The first two preliminary trials were conducted at two locations in Auburn, AL.
Two MMP traps were placed at each trial site. One trap was operated with octenol,
whereas the other trap was not. Collection nets were removed and replaced each day. All
mosquito collections were brought to the laboratory for identification to species. Each
of these two trials was conducted over a 4-week period, the first trial from May 27 to
June 23 and the second trial from June 2 to June 23.

The third field trial was conducted at an automobile salvage and tireyard at Phenix
City, AL from July 7 to August 16. Four MMP traps were placed 20 meters apart in a
1x2 factorial design in the wooded area located in the center of the salvage yard. Four
traps were operated weekly, two traps with octenol and two traps without octenol,
throughout the 8-week field trial. Each trap was supplemented with octenol, such that
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octenol occupied each trapping position at least one time during the field trial. Octenol
was replaced at the end of each 7-day period. Mosquito collections were removed at the
end of each 7-day period, and the species identified and counted.

Two two-minute landing counts (Figure 12) were taken twice a week between 9:00
and 11:00 am within the salvage yard, with locations randomly selected on each occasion
by tossing a stick. The right or left leg from knee down was exposed while a hand-held
battery aspirator was used to remove the landing mosquitoes. A two-minute acclimation
time was allowed before the landing counts began. The landing counts were averaged by
week.

Six tires were randomly sampled each week. All the water was removed from the
tires and the mosquito larvae recovered. The samples were brought back to the lab for
larval identification. Tires were sampled throughout the trial to determine which

mosquito species were breeding in the tires at the salvage yard.

Statistical Analysis

For preliminary field trials 1 and 2 collections with greater than 100 mosquitoes, a
repeated measures ANOV A was used to determine if there was a significant difference
between the treatments. The repeated measures ANOVA was used because the
dependent variable, time, was repeated. For the third field trial collections with greater
than 100 mosquitoes treatment (octenol vs. no octenol), position, and week effects were
analyzed using a 3-way ANOVA for each species trapped. The 3-way ANOVA was
used to determine the effectiveness of octenol in enhancing collections of individual

mosquito species. A Tukey’s test was used if there were any significant interactions
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between the variables tested in the 3-way ANOVA. A Chi-square test was used for
species with trap collections less than 100.

A Proc Corr analysis was used to determine if there was any correlation between
the mean weekly landing counts for each mosquito species and the collections in the
MMP traps.

Results

Preliminary Field Trial 1

A total of 1501 mosquitoes, representing 7 species in 5 genera, was collected
during the 4-week field trial (Table 6). A total of 1061 (71%) of the mosquitoes was
collected in MMP traps provided with octenol, compared to 440 (29%) collected in the
MMP traps without octenol. The most frequently collected species in the octenol-
supplemented traps was Ae. albopictus (1472/1501), comprising 98% of the collections.
Collections of Ae. albopictus were 2.5-fold greater with octenol (1051, or 71%) than
without octenol (421, or 29%). On 5 individual trap nights, collections of Ae. albopictus
were significantly enhanced with use of octenol (Figure 13). The next most frequently
collected species were Anopheles punctipennis, Cx. quinquefasciatus, Ae. vexans,
Psorophora columbiae, and Ochlerotatus triseriatus.

There was a significant difference between treatments for collections of Ae.
albopictus [P=.03] as determined by a repeated measures ANOVA (Table 7). There was
no significant difference between the treatments of Cx. quinquefasciatus, Ae. vexans, Ps.
columbiae, and Oc. triseriatus. Anopheles punctipennis collections were significantly

decreased when octenol was used as the attractant, [P =.01].
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Preliminary Field Trial 2

A total of 655 mosquitoes, representing 6 species in 5 genera, was collected during
the 3-week field trial (Table 8). A total of 552 (84%) of the mosquitoes was collected
using octenol. Only 103 (16%) mosquitoes were collected without octenol. Of these
collections 570 (80%) were Ae. albopictus, with 489 (86%) collected with octenol, versus
81 (14%) collected without octenol. On 9 individual trap-nights, Ae. albopictus
collections were significantly enhanced with octenol (Figure 14). The next most
frequently collected species were: An. punctipennis (35), Cx. quinquefasciatus (27) Ae.
vexans (19), Oc. triseriatus (2), and Ps. columbiae (2).

There was a significant difference between treatments (octenol vs. no octenol) on
the collections of Ae. albopictus [P =.02] as determined by a repeated measures ANOVA
(Table 9). Octenol significantly increased the collections of Ae. albopictus by 6 fold.
The treatments were not significant in the collections of Cx. quinquefasciatus, Oc.
triseriatus, and Ps. columbiae. However, the addition of octenol significantly increased

the collections of An. punctipennis [P=.05] by 3 fold and Ae. vexans [P=.05] by 18 fold.

Field Trial 3

A total of 7143 mosquitoes, representing 13 species in 5 genera, was collected over
the 8-week study period (Table 10). A total of 5773 mosquitoes (81%) was collected
with octenol, versus 1370 (19%) in the MMP traps operated without octenol. Of these
collections 5571 (78%) were Ae. albopictus, with 4334 (77%) collected with octenol.

The next most frequently collected species were, in descending order: Oc. triseriatus
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(1302), Coquillettida perturbans (131), An. punctipennis (35), Ps. columbiae (33), Cx.
restuans (29), Cx. salinarius (13), Cx. erraticus (9), Cx. quinquefasciatus (8), An.
crucians (5), Ae. vexans (3), Ps. ferox (3), and Cx. territans (1). Culex salinarius and Cx.
territans were collected only with MMP traps provided with octenol. All 13 mosquito
species trapped, with the exception of Culex quinquefasciatus, were collected in greater
numbers with octenol than without octenol. There were 4 times more mosquitoes
collected with octenol than without octenol.

There were no statistically significant effects between treatment (octenol vs. no
octenol) and trap position as detected by the 3-way ANOVA for Ae. albopictus, Oc.
triseriatus, and Cq. perturbans (Table 11). However, there were significant effects
between treatment and week indicated by the 3-way ANOVA for Ae. albopictus and Oc.
triseriatus. Tukey’s test detected a significant difference between week 1 and all other
weeks. There were no effects between treatment and week for Cq. perturbans.

There was an effect between treatments (octenol vs. no octenol) for collections of
Ae. albopictus, Oc. triseriatus, and Cq. perturbans based on a 3-way ANOVA.
Significantly more Ae. albopictus were collected with octenol [P<.01]. This was also true
for collections of Oc. triseriatus [P<.05] and Cq. perturbans [P<.01]. Aedes albopictus
collections were increased 3.5 fold with octenol. Ochlerotatus triseriatus collections were
increased 12 fold with use of octenol. Octenol increased Cq. perturbans collections by 20
fold.

Based on a Chi-square analysis of mosquito species trapped in low number , i.e.,
totals less than 100 specimens of An. punctipennis, Cx. restuans , Cx. salinarius, and Ps.

columbiae were all significantly enhanced by use of octenol [P=.05].
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The Proc Corr analysis comparing week, collections, and landing counts showed a
significant correlation between collections and landing counts of Ae. albopictus [P<.01],
(Figure 15). Since only Ae. albopictus was collected during the landing counts, no
comparisons could be made between collections and week for other species trapped
throughout the 8-week trial. Mean landing counts/ 2 minutes ranged from a high of 22
Ae. albopictus to a low of 4 Ae. albopictus. The overall landing-count average during the
8-week study was approximately 12 Ae. albopictus biting every two minutes.

A total of 1466 mosquito larvae, representing 7 species in 6 genera, was collected
from tires at the salvage yard during the study period. They were, in decreasing order, 4e.
albopictus (902, Cx. territans (289), Oc. triseriatus (211), Or. signifera (46), Cx. restuans

(13), Tx. rutilus (3), and Anopheles species (2) (Table 12).

Discussion

Previous studies have shown that the combination of CO; and octenol significantly
increased collections of Cgq. perturbans, An. punctipennis, Ps. columbiae, Cx. restuans,
and Cx. salinarius (Kline et al. 1990, Kline et al. 1991, Kline 1994, Rueda et al 2001).
The results of the field trials in our study support these reports. The use of octenol with
the MMP trap was effective in enhancing the response of many mosquito species, making
it an effective trap for general monitoring of mosquito populations.

The results of preliminary field trials 1 and 2 indicated that there was a general
trend of increased response of most species collected with the MMP and octenol, in that

75% of mosquito collections throughout the trials were trapped with octenol. Octenol
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significantly enhanced collections of Ae. albopictus at Field Site 1 and 2. Aedes vexans,
An. punctipennis, and Cx. quinquefasciatus collections were significantly enhanced at
Field Site 2. Collections of these species at Field Site 1 were not statistically different.
However, with the exception of An. punctipennis, these species were collected in greater
numbers with octenol-baited traps. There was a negative effect of octenol observed in
the collections of An. punctipennis in Field trail 1. Kline et al. (1991) found that octenol
at times enhanced collections of anopheline mosquitoes and at other times appeared to
repel these species. This observation is supported by the data reported here.

The mosquitoes trapped at Field Site 3 showed a positive response to the MMP
baited with octenol, such that 81% of mosquito collections in this study were collected
with octenol. Aedes albopictus, Oc. triseriatus, Cq. perturbans, An. punctipennis, Ps.
columbiae, Cx. restuans, and Cx. salinarius showed a positive significant response to
octenol-baited traps with overall collections increased 4 fold.

To our knowledge, this is the first published report of Ae. albopictus and Oc.
triseriatus being significantly attracted to combinations of CO; and octenol. Since Ae.
albopictus was trapped more during all 3 field trials with octenol, the previous claim that
octenol is repellant to Ae. albopictus is not supported in this study. In fact in field trial 3,
Ae. albopictus was trapped more with octenol throughout each week’s trap rotation with a
3-fold increase in collection numbers throughout the study. The claim that Ae. albopictus
is repelled by octenol may be attributed to the fact that most studies evaluating the
Mosquito Magnet® traps baited with octenol were conducted in salt marshes where Ae.

albopictus is not commonly collected. The studies reported here show that in an urban
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environment octenol does enhance collections of Ae. albopictus and is driving the
response of Ae. albopictus collections.

Propane-powered traps did not reduce the natural populations of Ae. albopictus
below the nuisance levels at field site 3. If the MMP reduced the natural populations of
Ae. albopictus below nuisance levels a larger number of Ae. albopictus would have been
collected in the MMP traps. Likewise a reduction in the numbers of Ae. albopictus
landing during the landing counts would have been evident. This was not observed
during field trial 3. There was a significant correlation between landing counts and MMP
collections of Ae. albopictus. Even though the collections of Ae. albopictus in the MMP
were high, Ae. albopictus biting activity was still considered to be above the nuisance
level. Because our field sites were not typical of what homeowners face, it cannot be
concluded that these traps would not reduce nuisance populations in a residential setting.
If people live in an area where one or more mosquito species exhibit high numbers, the
chances of reducing those populations to personally acceptable is low. In fact, Dennett et
al.’s (2004) daily observations suggested that counterflow traps were efficient in not only
capturing mosquitoes but also attracting mosquitoes that were never captured. Based on
his observations, it is possible that the MMP trap attracts more mosquitoes than the trap
actually captures, increasing overall mosquito abundance in the vicinity of the traps(s).

The results of this study indicated that octenol-baited MMP traps enhanced
mosquito collections in all field trials. Because octenol causes a positive response in
many species, the MMP trap can be an effective tool in monitoring mosquito populations.
However, these traps alone may not be adequate for urban homeowners to control

nuisance mosquitoes.
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Table 6: Mosquito species collected with and without octenol at Field Site 1, June 2004.
Species are listed in descending order of the total number of each species collected.

With Octenol Without Octenol

Mosquito Species No. (%) No. (%)
Aedes albopictus 1051 (71) 421 (29
Anopheles punctipennis 0 (0 14 (100)
Culex quinquefasciatus 4 (57) 3 (43
Aedes vexans 2 (50) 2 (50)
Culex restuans 2 (100) 0 (0)
Psorophora columbiae 1 (100) 0 (0)
Ochlerotatus triseriatus 1 (100) 0 (0)

Totals 1061 440
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Table 7. Repeated measures ANOVA values for mosquito species with trap collections
>100 specimens at Field Site 1.

Treatment Treatment x Time
Mosquito Species P F DF P F DF

Aedes albopictus 0.0321 29.64 1 0.5384 0.89 7
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Table 8. Mosquito species collected with and without octenol at Field Site 2, June-July

2004. Species are listed in descending order of the total number of each species

collected.

With Octenol Without Octenol
Mosquito Species No. (%) No. (%)
Aedes albopictus 489 (86) 81 (14)
Anopheles punctipennis 27 (77) 8 (23)
Culex quinquefasciatus 17 (63) 10 (37)
Aedes vexans 18 (95) | G))
Ochlerotatus triseriatus 0 (0 2 (100)
Psorophora columbiae 1 (50) 1 (50)
Totals 552 103
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Table 9. Repeated measures ANOVA values for mosquito species with trap collections
>100 specimens at Field Site 2.

Treatment Treatment x Time
Mosquito Species P F DF P F DF
Aedes albopictus 0.0280  34.24 1 0.0872 2.67 5
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Table 10. Mosquito species collected with and without octenol at Field Site 3, July-
August 2004. Species are listed in descending order of the total number of each species
collected.

With Octenol Without Octenol

Mosquito Species No. (%) No. (%)
Aedes albopictus 4334 (78) 1237 (22)
Ochlerotatus triseriatus 1202 (92) 100  (8)
Coquillettida perturbans 125 (95) 6 (5
Anopheles punctipennis 33 (94) 2 (6)
Psorophora columbiae 28 (85) 5 (15
Culex restuans 20 (69) 9 (3D
Culex salinarius 13 (100) 0 (0
Culex erraticus 8 (89 I (1D
Culex quinquefasciatus I (12) 7 (88)
Anopheles crucians 4 (80) 1 (20)
Aedes vexans 2 (67) 1 (33)
Psorophora ferox 2 (67) I (33)
Culex territans 1 (100) 0 (0

Totals 5773 1370
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Table 11. ANOVA values for mosquito species with trap collections > 100 specimens at

Field Site 3.
Treatment Treatment x Pos Treatment x Week
Species P F DF P F DF P F DF
Ae.

albopictus 0.0003 38.04 1 0.402 .11 3 0.0114 6.1 6

Oc.
triseriatus 0.0003 38.56 1 0.769 038 3 0.0004 16.13 6

(q.

perturbans  <0.0001  51.06 1 04318 1.02 3 0.0541 347 6
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Table 12. Mosquito larval samples collected from tires at parts-and-salvage yard in
Phenix City, Alabama, during Field Trial 3 evaluating the Mosquito Magnet Pro™™ traps
with and without octenol.

Species No.
Aedes albopictus 902
Culex territans 289
Ochlerotatus triseriatus 211
Orthopodomyia signifera 46
Culex restuans 13
Anopheles spp 2
Toxorhynchites rutilus 3

Totals 1466
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Figure 12. Collections of landing mosquitoes using a hand-held, battery-operated
aspirator to remove landing females during a 2-minute period to determine biting activity
at a parts-and-salvage yard, in Phenix City, Alabama, 2004.
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Figure 13. Collections of Aedes albopictus with and without octenol at Field Site 2
during successive trap nights. Collections of Aedes albopictus (black) were made with
octenol. Collections of Ae. albopictus (gray) were made without octenol. Five trap-night
collections were significantly enhanced with octenol (P < .05), as indicated by asterisks,
based on a Chi-square analysis.
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Figure 14. Collections of Aedes albopictus with and without octenol at Field Site 2
during successive trap nights. Collections of Aedes albopictus (black) were made with
octenol. Collections of Ae. albopictus (gray) were made without octenol. Nine trap-night
collections were significantly enhanced with octenol (P < .05), as indicated by asterisks,
based on a Chi-square analysis.
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Figure 15. MMP collections compared to mean landing counts of Ae. albopictus by trap
week. MMP collections on the left y-axis and mean landing-count collections on right y-
axis of Aedes albopictus at Field Site 3. Based on a Proc Corr analysis, the mean landing
counts of Ae. albopictus were significantly correlated with the MMP collections by week,
P <.05.
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APPENDIX

List of mosquito species mentioned in the text and their author (Darsie and Ward 1981).
Mosquito species are listed in alphabetical order.

Mosquito Species Author
Aedes albopictus (Skuse)
Aedes aegypti (Linnaeus)
Aedes vexans (Meigen)
Anopheles barberi Coquillett
Anopheles crucians Wiedemann
Anopheles punctipennis (Say)
Anopheles quadrimaculatus ~ Say
Culex erraticus (Dyar and Knab)
Culex pipiens Linnaeus
Culex restuans Theobald
Culex quinquefasciatus Say
Culex salinarius Coquillett
Culex territans Walker
Coquillettida perturbans (Walker)
Culiseta melanura (Coquillett)
Ochlerotatus atropalpus (Coquillett)
Ochlerotatus bahamensis Berlin
Ochlerotatus japonicus (Theobald)
Ochlerotatus sollicitans (Walker)
Ochlerotatus taeniorhynchus (Wiedmann)
Ochlerotatus triseriatus (Say)
Orthopodomyia signifera (Coquillett)
Mansonia titillans (Walker)
Psorophora columbiae (Dyar and Knab)
Psorophora ferox (von Humboldt)
Toxorhynchites rutilus (Coquillett)
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