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Abstract 

West Nile virus is a pathogen of concern within Montana. Due to the potential 

ramifications associated with the contraction of this disease, assessing risk remains 

important. Prior evidence indicates that the prevalence of this pathogen is dependent on 

viral amplification between virally competent host species and mosquito vectors. 

Specifically, avian species with moderate to high competence can serve as biotic 

reservoirs for the virus, allowing the continuation of infection in succeeding years. Along 

with other influential factors, the knowledge of which bird species predominate specific 

locations can help in providing the general public with a viable forecast, indicating the 

probable presence of the virus. While comprehensive bird counts across the state remain 

impractical, Cornell’s Lab of Ornithology may have solved problematic data collection 

through eBird. This online database allows users to record bird observations with the 

hope to provide scientists with real-time information of avian distribution and abundance. 

To evaluate the credibility of the software application, this study aims to determine if 

eBird data can serve as an adequate surrogate for field observations. Fifteen-minute bird 

point surveys were conducted to test eBird’s effectiveness; these surveys were located at 

the same sites in which mosquito trapping occurred, bettering association between the 

bird hosts and mosquito vectors. A regression analysis was then performed to distinguish 

potential correlations between field surveys and data provided from eBird at the same 

locations. Analyses suggest significant correlation between the datasets. This indicates 

that eBird could be used to assess the distribution of viral reservoirs. 
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Introduction 

West Nile virus (WNV) was first isolated within Uganda in 1937 (Peterson et al., 

2004). As it continued to spread outward, the virus made its presence in North America 

in 1999 (Komar et al., 2003). Although the circumstances regarding its initial emergence 

within New York remain unknown, WNV persists today, posing risks for people, 

livestock, and avian populations (Komar et al., 2003). Amidst transmission within 

humans, WNV has been known to give rise to neurological conditions such as 

encephalitis and meningitis (Komar et al., 2003). Likewise, the virus can prompt similar 

effects within livestock; horses can develop equine encephalitis upon exposure (Komar et 

al., 2003). WNV has also been attributed to the decimation of native bird populations 

(LaDeau et al., 2007). Unfortunately, it has resulted in the demise of millions of wild 

birds within North America (George et al., 2015). 

Progression and prevalence of this mosquito-borne flavivirus depends on viral 

amplification (Komar et al., 2003). For instance, the pathogen relies heavily upon certain 

abiotic conditions and biotic factors (Kain & Bolker, 2019). The virus is maintained 

through an enzootic cycle in which ornithophilic mosquitoes and virally competent avian 

hosts are utilized in propagation (Leggewie et al., 2015). Specifically, within the United 

States, susceptible mosquitoes within the Culex genus (Culex tarsalis, Culex pipiens, and 

Culex quinquefasciatus) are common vectors (Leggewie et al., 2015). Once contracting 

WNV, the disease can then spread throughout the mosquito vector, infecting its 

reproductive organs (contaminating subsequent offspring) and salivary glands (Kain & 

Bolker, 2019). Depending on the titer within the salivary glands (reliant on dose received 

upon contraction, environmental temperature, etc.  ), spillover can occur given a feeding 
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event (Kain & Bolker, 2019). As female mosquitoes seek blood meals for reproductive 

purposes, avian species fall victim to these micro-predators (Santos et al. 2018). In effect, 

birds with moderate or high viral competence can harbor and serve as reservoirs for the 

disease. This allows for future, susceptible generations of mosquitoes to become infected, 

perpetuating the transmission cycle (Kain & Bolker, 2019).   

Because species of birds have varying degrees of viral competence, WNV persists 

to be reliant on avian reservoirs for the continuation of propagation (Pérez-Ramírez et al., 

2014). Therefore, interpreting avian competence and distribution remains vital in 

forecasting the presence and assessing potential risks of this pathogen. Although bird-

point surveys are effective in terms of data collection, comprehensive surveys are 

impractical due to intensive timeframes, logistical challenges, and expenses. In order to 

combat these issues, software applications may serve as viable surrogates to replace 

problematic point surveys. 

This study aims to determine the effectiveness of Cornell’s Lab of Ornithology 

application, eBird. Specifically, eBird serves as an online database in which the public 

can report observations, providing real-time data on bird distribution and relative 

frequency (Wood et al., 2011). Despite prior work that has been implemented in 

assessing distribution (McHugh, 2018) and other research purposes geared towards eBird 

(Sullivan et al., 2014), very few studies have tested eBird for its accuracy (Kain & 

Bolker, 2019). If this citizen science software proves reliable, it will streamline risk 

assessment; it could help alert the public to the prevalence of the virus, hopefully 

preventing future contractions of the disease. Within the study areas of interest, it is 
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hypothesized that eBird data is significantly correlated with the data accrued from point 

surveys, meaning that eBird can be used with confidence. 

 

Methodology 

Avian Survey: 

Point surveys were conducted at three mosquito trap sites within the Helena 

valley: Helena Regulating Reservoir, Lake Helena, and Helena’s Police Academy (Figure 

1). These locations were specifically selected to survey due the high likelihood of WNV 

presence. Over the course of two summers (2018 and 2019), bird-point surveys were 

completed on a weekly basis; they began in the middle of June and continued up until the 

second week of August (8 weeks total). Each site was observed for 15 minutes during the 

morning. All surveys were completed within a two hour time frame, usually beginning at 

7:30 AM and finishing around 9:30 AM. Species at each area of interest were identified 

through visual observation and sound (call, song, and winnowing). Observational data 

were then compiled and organized within a spreadsheet, and the relative abundance (the 

abundance of species divided by the total number of individuals observed) was 

calculated. 
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Figure 1: This map displays various mosquito trap sites along with trap sites that tested 

positive for West Nile virus. The three sites that tested positive were the areas of interest 

within this study: Lake Helena, Police Academy, and Helena Regulating Reservoir. 

 

Collection of eBird Data: 

 Easily accessible data was obtained through the eBird website devoted to Lewis 

and Clark County. After selecting specific hot spots (correlated with each of the survey 

sites) and selecting for specific dates (correlated with the dates in which the point surveys 

were completed), eBird data was then exported into spreadsheets. Once compiled, this 

data provided the relative frequency for each species observed.  

 

Virally Competent Bird Species: 

 A list of virally competent avian reservoirs (Medium-High Competence) was 

compiled from Pérez-Ramírez et al. (2014). This information was then applied to the data 
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previously obtained through point surveys and eBird. Because only birds with moderate 

or high competence are viable reservoirs for WNV, only data for these species was 

utilized in the first analysis (Table 1). 

 

Table 1: Species at each site with moderate to high viral competence. 

 
SPECIES FOUND AT SITES WITH MODERATE TO HIGH 

COMPETENCE 
Helena Regulating 

Reservoir Lake Helena  
Helena's Police 

Academy 
American Crow American Crow American Crow 
American Robin American Robin American Robin 

Brewer's Blackbird Black-billed Magpie Black-billed Magpie 
Brown-headed Cowbird Brewer's Blackbird Cliff Swallow 

Canada Goose Canada Goose European Starling 
Cliff Swallow Cliff Swallow Gray Catbird 

Common Grackle Common Grackle gull sp. 

Eurasian Collared-Dove 
Eurasian Collared-

Dove Killdeer 
European Starling European Starling Mallard 

Gray Catbird House Sparrow Mourning Dove 
House Sparrow Killdeer Northern Flicker 

Killdeer Mallard Red-tailed Hawk 
Mallard  Mourning Dove  Red-winged Blackbird 

Mourning Dove Northern Flicker Song Sparrow 
Northern Flicker Red-tailed Hawk Swainson's Thrush 

Red-tailed Hawk 
Red-winged 
Blackbird  

Red-winged Blackbird Ring-billed Gull  
Ring-billed Gull Song Sparrow  

 
 
Linear Regression: 

Linear regression was performed to establish potential correlations between field 

observations and data collected from eBird. With respect to avian hosts with moderate to 

high competence, relative abundance, produced by point surveys, was compared with 
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relative frequency contributed by eBird. This analysis was completed using the Data 

Analysis Toolpack in EXCEL, where it yielded correlation coefficients and p-values for 

each of the three sites.  

A linear regression was also performed on all bird data. This was done to evaluate 

correlations between point survey and eBird data for a more comprehensive bird list. 

Again, EXCEL was utilized to perform this analysis.  

 

Results 

Cumulatively, a total of 47-point surveys were completed throughout the 

summers of 2018 and 2019. Specifically, 16-point observations were collected at the 

Helena Regulating Reservoir, 15 at Helena’s Police Academy, and 16 were conducted at 

Lake Helena. When combining counts at the three locations of interest, a total of 2030 

birds were recorded. The Helena Regulating Reservoir yielded a count of 796, while the 

Police Academy produced a count of 676. Lake Helena had 558 total observations. Based 

on data accrued from Pérez-Ramírez et al. (2014), it was found that 18 species, sighted at 

both the Helena Regulating Reservoir and Lake Helena, are known to be virally 

competent. The Police Academy differed from the other two sites with a reported amount 

of 15 virally competent hosts for WNV (Pérez-Ramírez et al., 2014). 

In the duration of these surveys, there were also noted temporal trends. Within the 

early weeks point observations were conducted, there was a higher influx of birds when 

compared to that of the weeks towards the end of summer. Gradually, birds became more 

infrequent as time went on. For instance, the relative abundance of virally competent 

species decreased throughout time at both the Helena Regulating Reservoir and Lake 



 11 

Helena. The number of virally competent species at the Helena Regulating Reservoir 

started at a relative abundance of 0.36 during the first week of the surveys. By the last 

week, this value dropped to 0.08. A similar decline was also observed at the Lake Helena 

site. At first, relative abundance was found to be 0.74 and, by the end, this value was 

reduced to 0.18. Although this observation was not noted at the Helena Police Academy, 

the trend seen at the other two sites were likely a result of seasonal migration (Harmata et 

al., 2000). Many species either summer within Montana or travel throughout the state 

given their migrational route. As non-residents, these species are temporarily seen and 

eventually pass through during the autumn (Harmata et al., 2000). With the intention to 

winter or breed within southern regions, they travel thousands of miles to reach their 

desired destination. 

Although slight heteroscedasticity was observed within the linear regression, the 

frequency data was still significantly correlated with observed relative abundance at 

every site; each location produced p-values less than 0.001 (alpha of 0.05). That being 

said, some sites revealed stronger relationships than others (Figure 2). For example, Lake 

Helena and the Helena Regulating Reservoir both demonstrate stronger correlations than 

that of Helena’s Police Academy (Figure 2). Lake Helena produced a correlation 

coefficient of 0.39, while the Helena Regulating Reservoir yielded a value of 0.34. The 

Police Academy produced a relatively weak correlation coefficient of 0.09, possibly due 

to lack of data (Figure 2). For instance, eBird compiles data most efficiently on hot spots. 

In this case there was a lack of recorded observations at this site.  
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Figure 2: Linear regression analysis on virally competent species data: A) Lake Helena, 

B) Helena Regulating Reservoir, and C) Helena’s Police Academy. This analysis and 

associated graphs were completed on EXCEL and POWER POINT. 

  

To better visualize the results of the analysis, a map was created on ArcGIS 

Online (Figure 3). Because data was collected throughout my own research, no source 

data was acquired. Feature classes and associated features were created within a 

centralized geodatabase. Specifically, points were generated to reveal the areas of study, 

the amount of virally competent species, and the calculated correlation coefficients 

(Figure 3). The size of the points demonstrate the amount of virally competent species, 

whereas the colors demonstrate the associated correlation coefficients at each of the three 

sites (Figure 3).  
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Figure 3: This map displays the areas of study within the research. It also displays the 

associated correlation coefficients and the number virally competent species at each site. 

 

 With exception to week seven at the Helena Regulating Reservoir and some 

weeks at Helena’s Police Academy, significant correlations were observed between eBird 

data and point surveys for most weeks of the summer (Table 2).   

 

Table 2: This table depicts the weekly p-values produced from the linear regression 

analysis, assessing the correlation between relative abundance (produced from point 

surveys) and relative frequency (eBird data). This correlation was completed on all bird 

data, not just the species with medium to high competence. 
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Discussion 

Demonstrated in Kain & Bolker (2019), eBird serves a vital role within modeling 

systems. In order to predict the expected number of new infections given the introduction 

of a single infected mosquito in a susceptible population of mosquitos and avian hosts  

(𝑅! value), this application supplies species abundance information, enabling necessary 

calculations (Kain & Bolker, 2019). This public database can also promote clarity and 

progress knowledge of disease spillover. For instance, eBird can be utilized in assessing 

the dilution effect hypothesis where more abundant avian species have a high competence 

for WNV, and as species richness increases the calculated 𝑅! decreases (Kain & Bolker, 

2019). As eBird provides imperative insight on both species abundance and richness, this 

database permits further testing of this hypothesis. Specifically, within the Kain & Bolker 

study, results (partially derived from eBird) supplied additional support for this 

hypothesis. eBird could be implemented in deriving an estimation of human infection 

probability as well; based on observed avian composition within a community and other 

pertinent ecological factors, the general public could be informed of the likelihood of 

contraction, bettering risk assessment (Kain & Bolker, 2019).  

Given that my results yielded significant correlations between the eBird data and 

birds surveys, eBird can be utilized in research like that of Kain & Bolker (2019). As 

statistically significant correlations were produced between the variables for each site, 

this citizen science application can be integrated with confidence, progressing further 

analyses. Cloud-based data, generated by volunteers, is also less expensive and time 

intensive, offering viable data for research. In fact, applications like eBird may prove 
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useful in studying other zoonotic pathogens as well. It’s possible that other mosquito 

borne pathogens may be studied in a similar fashion. 

The effectiveness of applications like eBird should be tested prior to conducting 

research. Although, eBird is a viable surrogate at these specific locations within Helena, 

this does not mean that it should be implemented with confidence at other locations prior 

to assessing its credibility. With respect to WNV, more research should be conducted at 

other mosquito trap sites before utilizing this database.  

There are other caveats to relying on applications such as eBird. For example, the 

lack of data at the Helena’s Police Academy may lead to spurious or inconclusive results. 

Like indicated in Kain & Bolker (2019), conclusions derived from little or infrequent 

observations should be met with caution. There has to be sufficient amount of citizen 

science data recorded to be effective. In terms of eBird, this means that more birders need 

to record their findings on this software application at this specific site.   

As long as potential bias and error is taken into consideration, eBird, as well as 

other citizen science driven databases, can be extremely beneficial in addressing 

scientific questions (Sullivan et al., 2014). Through the use of these software 

applications, the general public (with diversified interests/passions) can broaden and 

improve data collection (Sullivan et al., 2014). Within the realm of natural history, 

exceptional advances have been made over the past decade including the public (Ball-

Damerow et al., 2019). Influential online platforms and citizen science has gradually 

increased the accumulation of biotic and ecological records, providing insight to current 

issues: infectious diseases, the emergence of invasive species, harmful environmental 

changes, etc. (Ball-Damerow et al., 2019). As a result, this often benefits research as well 
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as generating connectivity and correspondence between civilians and experts of varying 

fields (Sullivan et al., 2013). 

 

Conclusion 

Given the statistically significant results in this study, eBird can be implemented 

with confidence as an assessment of viral reservoirs at these specific sites. Due to 

evidence supporting its effectiveness, eBird along with lists of virally competent hosts 

can be implemented in assessing risk for the general public. 
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