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Abstract

West Nile virus (WNV) was first observed in the United States on the east coast
in 1999. WNV is an arbovirus, meaning that it is stored in the tissues of arthropods and is
then transmitted via a bite to vertebrates who become infected. Birds are vertebrates, and
they then serve as vector reservoir hosts for the virus. They can transmit the virus to other
vertebrates as well as back to arthropods. It was through birds that WNV quickly spread
across the country, and we need to evaluate which birds are likely to transmit the virus
and what living conditions they prefer. In this study, four regions of Montana were
chosen for mosquito collection and bird observation. At each region there were at least
two trap sites, one having canopy cover and the other open sky. Data were collected via
both auditory and visual observations of birds. The results of this study indicate that
Passerine bird species were found more often overall in Non-Canopy areas as well as

regionally around Helena.
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Introduction

West Nile virus (WNV) was first verified in the United States in New York in
1999 (Lanciotti et al., 1999) and has spread throughout the country, including prominent
areas in the Rocky Mountains (Barker et al., 2009). WNV transmission pools were found
in Chicago, Illinois in 2006 in both mosquito and bird populations (Hamer et al, 2008). In
addition to the westward movement, WNV has moved south into Mexico, Central
America, and South America (Komar and Clark, 2006).

Bernard et al. (2001) found that 35% of dead birds in New York were positive for
WNV, and various mosquito pools also had significant positive results for the virus.
Birds containing the virus pose serious threats to not only the health of avian species, but
also to humans (Hamer et al., 2008). A positive correlation exists between the number of
dead birds testing positive for WNV during the transmission season and the number of
human cases of WNV in many countries (Guptill et al., 2003).

WNV is classified as an arbovirus, a virus that is able to multiply in the tissues of
arthropods, especially in areas such as the salivary glands, and is then transmitted to
vertebrates through a bite (Pfeffer and Dobler, 2010). Mosquitoes serve as the arthropod
vectors, and birds serve as the vertebrate hosts (Pfeffer and Dobler, 2010). In order for
any arbovirus to maintain prevalence in a specific area, all three of these necessary
factors must be present in significant numbers (Pfeffer and Dobler, 2010). Vertebrates
can serve as host species and amplification vesicles for the arbovirus (Pfeffer and Dobler,
2010). Therefore, it is necessary to study bird populations in conjunction with mosquitoes
in order to examine ways in which the birds serve as hosts for the virus and to determine

their number and distribution.



Humans are not able to continue the replication cycle and are therefore considered
dead-end hosts (Murray et al., 2010). Transmission to humans, horses, and other species
end the cycle of transmission of WNV, and is referred to as epizootic transmission
(Murray et al., 2010). While human and horse cases are not able to continue the cycle,
they are of concern to the health of the general population. If birds and mosquitoes in the
area are actively transmitting and replicating WN'V, the dead-end hosts are likely to be
infected and suffer symptoms of the virus (Murray et al., 2010). While many humans do
show immunity, many epidemics of WNV are associated with mortality, and need to be
monitored and stopped (Murray et al, 2010).

WNV is also transmitted through bird-to-bird contact (Komar et al., 2003). Many
passerine bird species have significant index values for reservoir competence, indicating
that the birds carrying WNV would be able to transfer the virus to other birds or
mosquitoes (Komar et al., 2003). Migrating birds pose a large threat because they have
the ability to travel long distances while carrying arboviruses (Pfeffer and Dobler, 2010).
Many arboviruses are able to integrate in new climates by becoming established in
vertebrate hosts and then are transmitted via arthropods (Pfeffer and Dobler, 2010). It is
important to know which species of birds occur in areas with large mosquito populations,
because these birds have the potential to be significant vector carriers for WNV. It would
be expected that birds with high index values for reservoir competence would be seen in
a higher frequency around mosquito trap sites that test positive for WNV,

Climate and landscape factors, including temperature and canopy cover, account
for varied transmission rates of WNV (Deichmeister and Telang, 2011). Mosquitoes and

birds are able to carry and transmit the virus across a wide variety of geographic areas



(Kilpatrick et al., 2010). Therefore, it is important to study the type of microhabitats, as
well as geographic regions of the country, that could serve as homes for mosquitoes and
birds (Sehgal, 2010). The various species of birds studied also have an important role in
data analysis. Passerine species have different nesting and roosting habits compared to
non-passerine species, and therefore have a different likelihood of being exposed to
mosquitoes and the diseases they may carry (Ezenwa et al., 2005).

In the present study, 10 bird species were observed around mosquito trap sites.
Focal bird species were chosen based on their previous abilities (high values for reservoir
competence) to be vector carriers for WNV and the prevalence of those species in
Montana (Bernard et al., 2001 and Komar et al., 2003). The 10 species of birds ultimately
chosen for this study, included: American Robin (Turdus migratorius), American Crow
(Corvus brachyrhynchos), European Starling (Sturnus vulgaris), Common Grackle
(Quiscalus quiscula), Mourning Dove (Zenaida macroura), Black-billed Magpie (Pica
hudsonia), Red-winged Blackbird (Agelaius phoeniceus), Killdeer (Charadrius
vociferous), Mallard (Anas platyrhynchos), and the Ring-billed Gull (Larus
delawarensis).

Mourning Doves, although technically Non-Passerine, were considered Passerine
for this study since they have more similar roosting habits to Passerine bird species
(Hayslette et al., 2000), and are therefore more likely to have similar exposure to
mosquitoes (Ezenwa et al., 2005). The Ring-billed Gull, Killdeer, and Mallard were

classified as Non-Passerine; all other species were considered Passerine.
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I hypothesized that birds having high values for reservoir competence should be
in varying frequencies around mosquito trap sites. Variables considered in this study

include: time, region of the state, and canopy cover.

Materials and Methods
Prior to collection of data, I learned the distinct markings and calls of each of the
10 bird species to be studied (Tekiela, 2004).

Trap Site Selection

Mosquito trap sites were pre-determined to coincide with additional research
projects on WNV at Carroll College. Trap sites were located in western Montana. At each
geographic location, two sets of trap sites were chosen, one with canopy cover and one

without (Figure 1).
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Figure 1. Map of trap sites used for data collection.

Data Collection

Each morning between seven and nine o’clock, corresponding with collection of
the mosquito traps, 10 minute long observations were made on the birds at each area
(Figure 2). Both auditory and visual observations in all directions were taken into
account. Pentax 8x 24 UCF binoculars were used to identify birds at a distance. A
recording was made of each observation using a Roland R-05 Wave/MP3 Recorder,
which was set on a tripod as near to the trap site as possible. The recordings were later
reviewed to verify any birdcalls heard and to record additional calls that may have been

12




missed in the field. The data were recorded on a table that listed all 10 species being

studied, and a tally mark was made for each bird seen or heard. Observations were made

between July 6™ and August 4™, 2011.

L

Figue 2. Set—p of bird obsevat in an opn—pyart Canon Ferry.

Statistical Analysis

The data were compiled in an Excel spreadsheet and statistically analyzed using
the program Statistica. Komar et al. (2003) demonstrated that certain birds were more
likely to be reservoir hosts for WNV. Instead of using the raw data, the number of birds

seen at each site was multiplied by that species’ reservoir competence index value, as
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computed by Komar et al. (2003) resulting in a weighted score for each species based on

its prevalence and virulence competence.

Table 1. Virulence index of species studied.

Species Name Virulence Index

American Robin (Turdus migratorius) 1.08
American Crow (Corvus brachyrhynchos) 1.62
European Starling (Sturnus vulgaris) 0.22
Common Grackle (Quiscalus quiscula) 2.04
Mourning Dove (Zenaida macroura) 0.19
Black-billed Magpie (Pica hudsonia) 1.08
Red-winged Blackbird (Agelaius 0.99
phoeniceus)

Killdeer (Charadrius vociferous) 0.87
Mallard (Anas platyrhynchos) 0.48
Ring-billed Gull (Larus delawarensis) 1.26

Results

The data collected were analyzed as a group as well as on a Passerine/Non-
Passerine basis. Statistical testing for the effects of time, region, and canopy cover on the
availability of virulent competent bird species was performed. When tests were
performed on all of the species (both Passerine and Non-Passerine) together, using their
weighted scores, it was found that neither time, region, nor canopy cover had a
significant effect.

Statistical significance was observed however, when analyzing Passerine and
Non-Passerine species. The strongest trend can be seen among the Passerine group when

analyzed for the effects of the Region and Canopy variables (Figures 3 and 4).
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Figure 3. Regional effect on the weighted mean of passerine species.
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Figure 4. Canopy effect on weighted passerine species bird mean.

The differences in the weighted bird means demonstrate that there is a regional

and canopy effect on the weighted mean of passerine species (p < 0.05).
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Discussion

The hypothesis of the experiment, that birds having high values for reservoir
competence should be in varying frequencies around mosquito trap sites, was not
supported when I looked at overall weighted bird population numbers. However, when
species were split into Passerine and Non-Passerine groups, there were differences
observed in weighted numbers of birds due to two variables. Regionally, Helena had a
notably higher number of Passerine bird species than sites in the rest of the state. Also,
non-canopy areas across all sites had higher weighted numbers of Passerine bird species.

These patterns can be attributed to multiple factors. Helena may serve as a better
environment for Passerine bird species, as it is on the Eastern portion of the continental
divide and has many water sources in the area. However, there are no concrete
geographical reasons indicating that Helena would be more conducive to Passerine life.
In Non-Canopy areas birds have more opportunity to fly around and be noticed. These
areas may be favorable to their feeding habits, and Passerine species may spend more
time around our trap sites in open areas than in closed areas.

In many open-canopy areas birds were observed at a distance, often flying
overhead. In contrast, canopied areas were most likely to be the actual nesting sites of
birds. These canopied areas would potentially give the mosquitoes access to these birds
when compared to the open areas that allow for high-flying birds to be sighted. These
differences in habitat and species of birds are likely why we saw statistical significance
regarding region of the state and canopy cover when looking at Passerine species and

Non-Passerine species.
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The results of this study indicating that Passerine birds are more often found in
non-canopied areas can be compared to studies in the past. Deichmeister and Telang
(2011) found that microhabitats as well as temperature appear to have an effect on
distribution of birds serving hosts for WNV. Growth of the virus was positively
correlated to mean temperatures and negatively correlated to precipitation (Deichmeister
and Telang, 2011). Hamer et al. (2008) also states that high temperatures and low
precipitation rates can be correlated to increased rates of WNV. Significantly greater
proportions of WNV can be found in urban areas over sub-urban areas, but neither
building nor canopy cover influenced mosquito numbers (Deichmeister and Telang,
2011). More research would need to be completed in order to notice distinct patterns in
bird habits around Montana to adequately determine if these results are consistent on a
year-to-year basis.

Bernard et al. (2001) found that the percentage of birds testing positive for WNV
was higher inside the epicenter of New York than outside of it. There were also other
distinct areas that had higher rates, showing that the virus did spread outside of the
epicenter (Bernard et al., 2001). It is thought that how long the bird has been in these
urban environments has an impact on whether transmission was more likely or not —
urbanization may have impacts on bird activity and WNV transmission (Bernard et al.,
2001).

Arboviruses tend to be easily spread and can combat differences in climates very
well: traditionally tropical viruses are able to thrive in areas of moderate climates (Pfeffer
and Dobler, 2010). This fact allows WNV to be transferred via migrating birds and can

impact human populations throughout a wide range of areas (Pfeffer and Dobler, 2010).
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Passerine bird species infected with WNV have high mortality rates, which may result in
those birds dying and not being observed at some study sites testing positive for WNV
(Hamer et al., 2008). Elevation may affect temperatures and oxygen water composition,
and higher elevations in Colorado have been seen to have lower occurrences of WNV
(Barker et al., 2009). Pathogens, such as WNV, increase in transmission due to factors
such as climate change, urbanization, loss of biodiversity, changes in agriculture, and the
introduction of invasive species (Sehgal, 2010).

There are potential problems with this research. Note that only ten bird species
were studied. While these species were chosen carefully and based on index values for
reservoir competence, it must be recognized that other Passerine and Non-Passerine
species could have been found in the area that may cause the results to differ. Also,
factors such as weather were not taken into account, and some days that were rainy or
colder could have had an impact on the number of birds observed. Ideally, more
information for the trap sites would be collected spanning further into the month of
August. If data collection were to have continued, it may have been possible to see
statistically significant differences in bird populations based on the time of the year.

Data compiled from various years has potential to be valuable. By looking at
trends in bird populations while comparing them to mosquito collections and WNV
occurrences, WNV can be examined. The replication cycle involving birds as reservoir
hosts is important for isolation of WNV. This study demonstrates that microhabitat and
geographic region may influence the infection risk for WNV. Bird, mosquito, and WNV
data over multiple years have the potential to give significant insight into the habits of

WNV.
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