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Executive Summary

The 2021 Bipartisan Infrastructure Law established the Wildlife Crossing Pilot Program, committing $350 million over five years to fund wildlife crossing projects across the country. Wildlife crossings, such as overpasses and underpasses, seek to minimize wildlife-vehicle crossings and improve habitat connectivity. Wildlife crossings aid the mitigation of the negative effects of roads and highways on wildlife populations. 

Wildlife-vehicle collisions are accidents in which an animal collides with a vehicle, injuring and killing humans and animals. Over one million wildlife-vehicle collisions occur annually, causing over $8.4 billion in property damages. A single wildlife-vehicle collision can cause up to $42,000, depending on the species hit. 

Wildlife crossings also reduce wildlife habitat fragmentation – the division of habitat into smaller segments, often by human intervention. Roads are common sources of habitat fragmentation, especially in rural areas. Habitat fragmentation leads to both reduced species population and diversity. 

There are several interventions that reduce wildlife-vehicle collisions, but do not address habitat fragmentation. For example, fencing is a common tool used to address wildlife-vehicle collisions, but fences make habitat fragmentation worse. Wildlife crossings tackle both wildlife-vehicle collisions and habitat fragmentation. 

The first wildlife crossings in the United States were constructed in the 1970s. Since then, thousands of crossings have been built nationwide. As wildlife crossing design evolves, lessons learned are making crossings more effective.

Through a literature review, case studies, and a roadkill hotspot analysis, this paper identifies best practices for constructing wildlife crossings. The literature review identified key factors of a successful wildlife crossing project:
1. the use of fencing in tandem with crossing infrastructure, 
2. the consideration of landscape features, 
3. establishing design standards, 
4. restricting human interaction with crossings, and 
5. routinely monitoring the infrastructure.  

Three case studies provided examples of crossing infrastructure in practice. Lessons learned from I-75 in Florida, Banff National Park, and Northeastern Nevada further contextualize the best practices identified in the literature review.

The roadkill hotspot analysis identified roadkill hotspots in Idaho on major roadways. A roadkill hotspot analysis is the first step to determining locations for wildlife crossings. This hotspot analysis is the basis for a site prioritization for future wildlife crossing locations in Idaho. 
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1.0 Issue Background
1.1 Wildlife-Vehicle Collisions and Habitat Fragmentation
The US has over 4 million miles of public roads, constituting almost 1% of the land area; however, the environmental impacts of roads extend far beyond their pavement. The road-effect zone, or area impacted by roads, is estimated to be twenty percent of the total land area in the US (Clevenger, Anthony P. & Huijser, Marcel P., 2011; Goldfarb, 2023, p. 4). The impact of roads on wildlife is an ecological concern, with roadkill being a major focus.

The most direct interaction between wildlife and roads is wildlife-vehicle collisions (WVCs). Many factors contribute to the lethality of roads for wildlife; roads often intersect or are located near migration routes, wildlife habitat, and food resources (Harris and Scheck, 1991 in Coffin, 2007). Poor road design factors, including road width and traffic volume, also contribute to WVCs (Clevenger, Anthony P. & Huijser, Marcel P., 2011; Forman & Alexander, 1998). 

While WVCs have existed since the development of vehicles, they are becoming an increasing percentage of vehicular accidents occurring in the United States (Huijser, Marcel P. et al., 2008). Over one million WVCs occur annually, causing tens of thousands of serious injuries and hundreds of human deaths(Wildlife Crossings Program | FHWA, 2023). Wildlife-vehicle collisions also result in property damage, costing approximately $8.4 billion annually (Wildlife Crossings Program | FHWA, 2023). 

In addition to maiming and killing wildlife, roads destroy and fragment habitat. Roads negatively impact ecosystems in several ways including:
· modified animal behavior, 
· alteration of the physical and chemical environments, 
· the spread of invasive species, 
· increased human interaction with wildlife,
· land-use change, 
· increased edge effects, 
· altered migration routes, 
· reduction of dispersal of species to new areas and breeding territories, and 
· the reduction of a species’ home range (Clevenger, Anthony P. & Huijser, Marcel P., 2011; Coffin, 2007; Trombulak & Frissell, 2000).
Through habitat fragmentation, roads disrupt habitat and increase the impact of edge effects, ultimately resulting in reduced species population and species diversity. Edge effects are impacts experienced by wildlife at a habitat edge – or the meeting of two habitat types. 

1.2 Wildlife Crossings
Several types of wildlife crossings exist, with bridges or overpasses, underpasses, and culverts being the most common. Wildlife crossings have evolved over the last 70 years, continually improving their effectiveness at reducing WVCs (Clevenger et al., 2001; Dodd et al., 2007; Simpson et al., 2016; Ward, A Lorin, 1982). Not every crossing is successful, therefore, research efforts attempt to identify best practices for creating effective infrastructure (Cramer et al., 2020; Huijser, Marcel P. et al., 2008).

To date, millions of dollars have been committed to building thousands of wildlife crossings in the United States (Wildlife Migration Corridors, n.d.). As of 2022, at least twelve states have policies supporting wildlife corridors – California, Colorado, Florida, Nevada, New Hampshire, New Mexico, Oregon, Utah, Vermont, Virginia, Washington, and Wyoming (Wildlife Migration Corridors, n.d.). 

Crossings, either underpasses or overpasses (figure 1 and figure 2), are preferable to alternative methods for reducing WVCs because they increase habitat connectivity (Falk et al., 1978; Reed, D et al., 1979). Other methods, including installing fences, clearing the right of way for increased visibility, repellents, increased hunting of deer, use of baits or scents, planting nonpalatable plants, and signage for motorists, have been used to reduce WVCs, with varying degrees of success, but they do not improve habitat connectivity (Foster, Melissa L. & Humphrey, Stephen R., 1995; Reed, D et al., 1979). 
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Figures 1 and 2: Example of a wildlife overpass (left) and a wildlife underpass (right) along the Trans-Canada Highway ( J . Richert, Blue Valley Ranch via Why Aren’t More Wildlife Crossings Being Built? - Uncommon Path – An REI Co-Op Publication, n.d.; Wildlife Crossing Solutions, n.d.).

The effectiveness of wildlife crossings varies based on the species. For example, overpasses and underpasses are most effective for ungulates, whereas underpasses have mixed results for carnivores because they seem to avoid feeling trapped (Clevenger et al., 2001; Mccollister & Van Manen, 2010). Researchers hypothesize that use of wildlife crossings may be a learned behavior. Fencing and other forms of encouragement are used to teach wildlife to use crossings (Mccollister & Van Manen, 2010). Most species will use a crossing if it is built to their preferences. For example, many species are more likely to use an overpass if they can see across. The design of crossings can be tailored to the target species, to increase the likelihood of use.

1.3 Road Ecology 
Roads and their interaction with wildlife – both positive and negative – have interested environmentalists for decades. Aldo Leopold’s apprehension of roads, despite their necessity, informed his land ethic. However, even Leopold recognized the benefits roads can have on wildlife, noting the importance of roadsides for local flora and fauna (Kroll, 2015). For decades, the issue of roadkill was ignored, largely because humans were perceived to be separate from nature. Deer-vehicle collisions, however, became a difficult issue to ignore due to the size of the animal and impact on drivers (Kroll, 2015).

Deer-vehicle collisions became popular in the public and scientific eye in the 1960s, with discussion of accidents becoming more common (Kroll, 2015). Ecologists studied wildlife-vehicle collisions, with the expansion of the highways system, funded by the National Interstate and Defense Highways Act of 1956 (National Interstate and Defense Highways Act, 1916). Concern about roadkill and environmental impacts was part of the larger, growing discipline of landscape ecology.

The term “landscape ecology’ was coined in 1939 by Carl Troll, a German biogeographer, and became closely connected with land planning (Monica G. Turner, 2005). The movement caught on in the United States in the 1980s, when the first Landscape Ecology Workshop was held in Allerton Park, Illinois in 1983. The Allerton Park workshop shifted the focus of landscape ecology to spatial heterogeneity, or the emphasis of the spatial relationships among pattern, process, and scale (Monica G. Turner, 2005; Wu, 2013).

Road ecology is a related field, with Richard T.T. Forman, a central figure in landscape ecology, coining the term in 1998 (Coffin, 2007). Road ecology, rooted in ecology, geography, engineering, and planning, is the study of the effects roads have on ecosystems (Coffin, 2007). Both biotic and abiotic impacts are studied, including hydrology, water and air chemistry, and noise and air pollution (Coffin, 2007). 

1.4 Current Political Standing: The Wildlife Crossing Pilot Program
In 2008, the Federal Highway Administration published Wildlife-Vehicle Collision Reduction Study: Report to Congress, ordered by the Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users (Huijser, Marcel P. et al., 2008). This report aimed to better understand the causes and impacts of wildlife-vehicle collisions and identify potential solutions. No subsequent legislative action was taken until the passing of the Bipartisan Infrastructure Law in November 2021, which created the Wildlife Crossings Pilot Program (WCPP). 

The Wildlife Crossings Pilot Program, managed by the U.S. Department of Transportation, Federal Highway Administration, provides funding for projects intended to reduce WVCs and improve habitat connectivity. A total of $350 million in funding is available across fiscal years 2022-2026, making this a salient policy issue. 

The first notice of funding opportunity for the Wildlife Crossings Pilot Program for the 2022-2023 fiscal years opened on April 4, 2023, and closed on August 1, 2023 (Wildlife Crossings Program | FHWA, 2023). Selections were announced in December 2023, funding 19 projects in 17 states with $110 million in grants (Wildlife Crossings Pilot Program Fiscal Year 2022- 2023 Selections | FHWA, n.d.).

Eligible applicants under the Wildlife Crossings Pilot Program include State Highway agencies, Metropolitan Planning Organizations, Local or Government agencies, Federally-Recognized Indian Tribes, and Federal Lands Management Agencies. Eligibility also requires consultation with the State DOT, unless the applicant is a State DOT or a Federal Lands Management Agency. Tribes are not required to consult the State DOT if the project takes place on Tribal lands. 

The Wildlife Crossing Program funds both construction and non-construction projects. Construction Projects include engineering, design, permitting, right-of-way acquisition, and other infrastructure improvements. Non-Construction projects include planning, research, and educational activities (Wildlife Crossings Program | FHWA, 2023).

Both human and wildlife safety are primary criteria used for assessing grant proposals. The primary merit criteria for evaluating grant proposals include reducing WVCs and increasing habitat connectivity (Wildlife Crossings Program | FHWA, 2023). 

1.5 Policy Question
What are the industry best practices for constructing wildlife crossings? How are locations best suited for wildlife crossing projects identified? 

1.6 Key Terms
Landscape Ecology – the study of spatial patterns, processes, and scale on landscapes (Monica G. Turner, 2005).
· Edge Effects – impacts experienced by wildlife in or near a habitat edge.
· Habitat Edge – the outer perimeter of a habitat type, which can border another habitat type or human development.
· Habitat Fragmentation – the division of a (large) area of habitat, primarily by human intervention (Franklin, Alan B. et al., 2002).
Road – includes one-lane roads, two-lane roads, highways, interstates, and freeways. 
· Roadside/Right-of-Way – land around the road itself, including the median and the strip of land bordering the roads but not natural habitat.
Road Ecology – a subset of landscape ecology that focuses on the impact of roads on ecosystems.
Wildlife Crossing – infrastructure constructed to reduce the presence of wildlife on roads. There are several types of wildlife crossings, varying in size, purpose, and style (Beckmann et al., 2010).
· Landscape bridge – the largest type of wildlife crossing, typically greater than 100 meters wide, and intended to permit the movement of a wide variety of wildlife. 
· Wildlife overpass – type of bridge or elevated structure between 50 and 70 meters wide closed to human use and primarily serves large mammals. 
· Multi-use overpass – a wildlife overpass ranging from 15 to 25 meters wide that allows human use in addition to wildlife use, which may decrease the number of species that will use them. 
· Canopy crossing – elevated crossings, used to link forested habitats separated by roads. 
· Viaduct/flyover – the largest type of underpass, though not typically purposely built for wildlife movement, wildlife often use them to cross under roads or wetlands.
· Large mammal underpass – a large (at least 10 meters wide and 4 meters high) path or tunnel under a road and is the most common underpass type, is primarily designed for large mammals but is often used by many other species.
· Multi-use underpass – a wildlife underpass at least 7 meters wide and 3.5 meters tall that allows human use in addition to wildlife use, which may decrease the number of species that will use them. 
· Underpass with water flow – a wildlife underpass at least 3 meters wide and 4 meters tall typically associated with riparian habitats. 
· Small- to medium-sized mammal underpass – the smallest of the underpass types. 
· Modified culvert – primarily built in riparian habitats or irrigation canals for another purpose but they can be adapted for wildlife use by adding dry platforms and/or walkways. 
· Amphibian and reptile tunnels – short tunnels used to connect migration routes or breeding areas. 
Wildlife Crossings Pilot Program (WCPP) – a grant program funding wildlife crossings established by the Bipartisan Infrastructure Law, to be administered by the Federal Highway Administration. 
Wildlife-Vehicle Collision (WVC) – an accident between a vehicle and an animal, including birds, reptiles, amphibians, and mammals, on a road. 

2.0 Methodology
Thoroughly answering the policy questions requires both qualitative and quantitative research methods. This project combines a literature review, case studies, and a hotspot analysis to answer the research questions. 

2.1 Literature Review
The literature review established a list of best practices for constructing wildlife crossing infrastructure. To determine best practices, I analyzed relevant documents from both national and international perspectives. I conducted a systematic review of articles, government publications, and book chapters found on Google Scholar. Search terms included: ‘wildlife crossing effectiveness,’ ‘wildlife crossings history,’ ‘wildlife vehicle collisions,’ ‘wildlife overpass.’ Papers published from 1970 to present were included, to account for the earliest crossing infrastructure in the US.

Emerging themes from the literature review included:
· Fencing: the benefit of using of fencing in tandem with crossing infrastructure, 
· Monitoring: the need for monitoring of sites after construction – for both maintenance and data collection,
· Landscape Features: taking natural landscape features into consideration during planning and construction, 
· Design Standards: standards around design and dimensions of the infrastructure, and
· Human Use: the concern about allowing recreational use of the infrastructure.

2.2 Case Studies
Thousands of wildlife crossings have been constructed in several states with the aim of increasing habitat connectivity and reducing WVCs (Cramer et al., 2020). Case studies from crossings demonstrate the outcomes of wildlife crossings, identify best practices, and disclose areas for improvement.

I selected case studies based on the age and location of the infrastructure and the availability of literature. To account for adequate monitoring and research of crossings, I selected case studies with infrastructure in place for at least ten years. I also looked for case studies with at least three scientific articles researching the effectiveness of the crossings. Finally, I chose case studies located in North America to focus on biomes relevant to the WCPP.  

The first case study is in Florida, focused on the wildlife crossings along Interstate-75. Florida built 24 underpasses and fencing in the early 1990s along I-75 to reduce panther mortality from WVCs (Foster, Melissa L. & Humphrey, Stephen R., 1995). These crossings are among the first constructed in the United States, providing a good case study to extract lessons learned. I sourced data from Google Scholar and Florida State Government websites, using the search terms: ‘Florida panther wildlife crossing,’ ‘Alligator Alley wildlife crossing,’ ‘I75 wildlife crossing.’

The second case study focused on Banff National Park in Alberta, Canada home to the largest series of crossings, which has garnered international attention. Grizzly bears, wolves, elk, moose, and deer all use these wildlife crossings. I sourced the data from Google Scholar and Canadian Government websites, using the search terms: ‘Banff wildlife crossings,’ ‘Banff Wildlife Corridor,’ and ‘Banff Wildlife Crossings Project.’

The final case study focused on the nine wildlife crossings in northeastern Nevada on I-80 between Wendover and Wells and U.S. 93 north of Wells. They were completed in September 2013, providing just over one decade of data. The University of Nevada at Reno monitors the crossings, which were built in a critical wildlife migration area for mule deer. I sourced data from Google Scholar and Nevada State Government websites, using the search terms: ‘Nevada I-80 wildlife crossings,’ ‘Nevada U.S. 93 wildlife crossings,’ and ‘Elko County wildlife crossings.’

I analyzed these case studies, focusing on crossing effectiveness, defined by the likelihood of the target species to use the crossing infrastructure, and identified best practices from the design and monitoring phases of the projects. I extracted lessons learned from the case studies and compared them to the five categories identified in the literature review. Many of the lessons learned in the case studies aligned with the literature review. Additionally, I noted lessons learned from the case studies that did not align with the literature review to collect all useful information. 

For each case study, I included:
· an overview of the project – including the intended outcomes,
· the overall effectiveness (use rate) of the project, 
· the monitoring methods used (if any), and
· an identification of best practices/lessons learned. 

2.3 Roadkill Hotspot Analysis 
The goal of the hotspot analysis was to determine the best locations for wildlife crossings based on roadkill and transportation data. I focused on the state of Idaho, which is a medium risk state for wildlife-vehicle collisions, with a one in 136 chance of colliding with an animal on an annual basis (Smith, J., n.d.). 

2.3.1 Data
Wildlife-vehicle collision data are typically collected using one of three methods: carcass counts, insurance claims, and police-reported crashes (Huijser, Marcel P. et al., 2008). Carcass counts include roadkill counts and are the data collection method most used for conservation purposes. Though carcass counts are considered the most comprehensive data, reporting methods are often inconsistent. Insurance companies collect data on WVCs, though claim data typically biases larger wildlife because they cause the most damage. Police agencies collect data on collisions, and WVCs are typically a subset of this data.  

The Idaho Department of Fish and Game routinely publishes a dataset of roadkill incidents (Roadkill Observations, 2024). The data contain incidents from 1977 to the present collected by the public, the Idaho Department of Fish and Game, and the Idaho Transportation Department. Each observation is tagged with the latitude and longitude, road name, and species involved. 

I sourced road data from the United States Geological Survey’s National Transportation Dataset for Idaho (USGS National Transportation Dataset (NTD) for Idaho, 2024). I isolated major roads – interstates, U.S. routes, and state routes – for analysis. 

I analyzed the seven administrative regions for the Idaho Department of Fish and Game, including (Administrative Regions, n.d.):
1. Panhandle (includes Coeur d’Alene),
2. Clearwater,
3. Southwest (includes Boise),
4. Magic Valley,
5. Southeast,
6. Upper Snake (includes Idaho Falls), and
7. Salmon.
The administrative regions were used to identify regions with high frequencies of roadkill hotspots. 

2.3.2 ArcGIS Methodology
I used ArcGIS Pro to conduct the geospatial analysis identifying roadkill hotspots in Idaho (figure 3). I first imported and cleaned the data. Only major roads were used in the analysis because they are targets for wildlife crossing infrastructure. Second, the major road data were buffered to include 100 feet of roadside and right-of-way. Next, I spatially joined the roadkill incident data to the buffered roads layer. I defined road segments with the highest quartile of roadkill incidents as roadkill hotspots.

Next, I conducted a similar process to identify the region with the highest frequency of roadkill hotspots. The administrative regions were spatially joined with roadkill incidents. This analysis identified one region as containing the highest frequency of roadkill. Further analysis was conducted on this region to further understand where roadkill is most common. Again, I identified road segments with the highest quartile of roadkill incidents as roadkill hotspots.

Figure 3: Steps of analysis conducted in ArcGIS pro to determine wildlife-vehicle collision hotspots in Idaho. Bolded steps are outputs discussed in section 5.2.
3.0 Literature Review Results: Wildlife Crossings Infrastructure Best Practices
3.4.1 Use Fencing in Tandem with Crossings
Several studies show that numbers of WVCs decrease after roadside fencing is installed (Wildlife crossing structures, fencing, and other highway design considerations Beckmann et al., 2010; Clevenger et al., 2001; Mccollister & Van Manen, 2010). Fencing alone is the least expensive method for reducing WVCs, but it divides wildlife habitat and populations (Foster, Melissa L. & Humphrey, Stephen R., 1995). Fencing used in tandem with wildlife crossings encourages use of crossings, reduces WVCs, and connects habitat.

While roadside fencing is effective at reducing WVCs, gaps within fencing are short heights of fencing allow animals to traverse them (Feldhamer et al., 1986; Ludwig, John & Bremicker, Timothy, 1983). Fences should also be low to the ground so animals cannot pass underneath (Falk et al., 1978; Foster, Melissa L. & Humphrey, Stephen R., 1995). Contingency designs, one-way gates, escape ramps, and/or jump outs, should be incorporated in case animals are trapped on the road (Cramer et al., 2020; Ludwig, John & Bremicker, Timothy, 1983). Longer fencing is typically more effective because it guides a larger group of wildlife to a crossing (Foster, Melissa L. & Humphrey, Stephen R., 1995). In addition to thoughtful fence design, a routine monitoring program is crucial to maintain functional fencing (Falk et al., 1978; Foster, Melissa L. & Humphrey, Stephen R., 1995; Reed, D et al., 1979; Ward, A Lorin, 1982). Regardless of fence design, the fence ends are common hotspots for WVCs, because wildlife are more likely to be trapped on the road and prone to collision (Anthony P. Clevenger et al., 2001).

3.4.2 Consider Landscape Features During Planning and Construction Phases
Considering ecological characteristics, including landscape features and wildlife behavioral patterns, while planning and constructing wildlife crossings can increase their effectiveness (Wildlife crossing structures, fencing, and other highway design considerations in Beckmann et al., 2010). The easiest way to ensure this practice is to involve local biologists (Cramer, P. C. & Bissonette, John A., 2005). 

Location is a key factor in the effectiveness of crossing infrastructure (Mimet et al., 2016; Wildlife Crossings Structures: an Effective Strategy to Restore or Maintain Wildlife Connectivity Across Roads in Van der Ree et al., 2015). An easy way to encourage use is to construct crossings at historic crossing locations (Land, Darrell & Lotz, Mark, 1996). When roads bisect migration routes, placing crossings close to natural corridors also increases adoption (Mimet et al., 2016). Habitat quality is another key factor; crossings should link high quality habitat that is functional for wildlife and allows them to disperse and meet their daily needs (Beckmann et al., 2010; Clevenger, 2005).

Considering landscape features in crossing siting and design also influences the effectiveness of infrastructure (Clevenger, 2005; Clevenger et al., 2001; Land, Darrell & Lotz, Mark, 1996; Mccollister & Van Manen, 2010). For example, forested or brush cover is important within or at the ends of passages for some species, and encourages usage (Clevenger et al., 2001; Cramer, P. C. & Bissonette, John A., 2005). Another important landscape feature to consider is water, especially temporally. Knowing when and how water flows along the roadside can hinder or help different species in adopting crossing infrastructure (Beckmann et al., 2010; Ludwig, John & Bremicker, Timothy, 1983). Ultimately, location and habitat features are crucial in improving the effectiveness of infrastructure. 

3.4.3 Establish Design Standards
Design standards, specifically the length and width of structures, are crucial in improving the effectiveness of wildlife crossings. A seemingly universal preference across species is the need for an unobstructed view from one side of the crossing to the other (Cramer, P. C. & Bissonette, John A., 2005; Foster, Melissa L. & Humphrey, Stephen R., 1995). In Florida, minimum acceptable dimensions were not clearly established during the design process, leading to some crossings being more successful than others (Foster, Melissa L. & Humphrey, Stephen R., 1995). Another study noted that the dimensions of tunnels is a key factor for vertebrates, especially small- and medium-sized vertebrates (Clevenger et al., 2001). Minimum acceptable dimensions will vary based on the target species, but determining these standards during the planning phase is critical.

Typically, crossings are built to benefit at least one specific target species and catering crossing design to the target species improves effectiveness. For example, deer are more likely to use overpasses compared to underpasses (Reed, D et al., 1979; Simpson et al., 2016). More specifically, deer prefer short, wide overpasses with a clear view to the opposite side (Simpson et al., 2016). On the other hand, some carnivore species prefer underpasses (Cramer, P. C. & Bissonette, John A., 2005). Prey species also seemingly benefit from natural light in the middle of tunnels (Cramer, P. C. & Bissonette, John A., 2005). Catering crossing design to a target species increases adaptation. 

As the implementation of wildlife crossings expands, the focus is shifting from a single-species approach to an ecosystem approach, drawing attention to the series of crossings. The spacing and diversity of crossings can maximize effectiveness for the ecosystem, allowing more species to use the infrastructure (Clevenger et al., 2001; Cramer, P. C. & Bissonette, John A., 2005). As crossing infrastructure shifts, the use of a variety of crossing types supports a larger suite of species.

3.4.4 Restrict Human Use of Crossings
Human use of crossing infrastructure is negatively correlated with species’ use; therefore, wildlife crossings should be designed to minimize human use (Clevenger et al., 2001). Trespassing, traffic volume, and noise level negatively impact the success of crossings (Clevenger, 2005; Clevenger et al., 2001; Cramer, P. C. & Bissonette, John A., 2005; Foster, Melissa L. & Humphrey, Stephen R., 1995). Restricting human interaction with crossings by implementing signage and other trespassing prevention is a simple way to increase their effectiveness. Human presence and traffic noise are well-documented issues affecting crossing effectiveness, but little research has been conducted to determined solutions. 

3.4.5 Monitor Infrastructure
Monitoring crossings pre- and post-construction is important for three primary reasons: to track the effectiveness of the crossings, inspect the crossings for damage, and to evaluate lessons learned (Beckmann et al., 2010). Monitoring of crossings should span several years to account for learning by animals, especially if crossings are built for seasonal migration (Cramer, P. C. & Bissonette, John A., 2005). Comparing pre- and post-construction WVC data determines the effect of the crossings. Features, including fencing and cover plants, need to be maintained and repaired for crossings to remain effective (Cramer, P. C. & Bissonette, John A., 2005). Finally, analysis of data from monitoring after construction of crossings, identifies best practices and areas of improvement for future projects (Clevenger, 2005). Comparing crossings within a series is useful in identifying effective design. 

4.0 Case Studies
4.1 Interstate-75 in Southern Florida
Collier County, Florida is home to the state’s first wildlife crossings. Conservation of the endangered Florida panther was the primary driver of the crossings as WVCs were responsible for nearly half of panther deaths between 1979 and 1991 in South Florida (Maehr, David S. et al., 1991). Panther deaths due to roadkill along I-75 were less frequent during this period compared to other nearby roads, likely due to the series of wildlife crossings (Maehr, David S. et al., 1991). 

Prior to the construction of Interstate-75 and the wildlife crossings, several other techniques were implemented in attempt to reduce WVCs. These efforts included reducing the nighttime speed limit in important areas, increasing visibility by widening road shoulders, using reflectors to warn animals of cars, rumble strips on the road, and public information campaigns (Wildlife Crossings | FWC, n.d.). These strategies reduced WVCs but did not eliminate them entirely. Driver-focused interventions are effective at first, but drivers become ‘blind’ to them over time (Goldfarb, 2023, p. 32).

The conversion of State Route 84 into Interstate 75 was first proposed in the 1968 Federal Highway Act (Beckmann et al., 2010). State Route 84 was to be converted from two lanes to four and become part of Interstate-75. The Florida panther was not a primary focus during the initial planning phases, largely because it was thought to be extinct in the wild (Beckmann et al., 2010). Panther sightings in 1972 shifted the focus to preservation of the species during road construction. The construction of I-75 began in 1986, with initial phases focusing on panther collision sites. In 1993, the entire I-75 project was complete, including 24 wildlife crossings (figure 4) (Beckmann et al., 2010).
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Figure 4: A Florida panther using one of the wildlife underpasses along I-75 in Collier County, Florida (Carlton Ward Jr. via Eric Seeger, 2019)
The updated 40-mile stretch of I-75 hosts 24 new underpasses and 12 existing bridges modified for panther use. Additionally, continuous fencing was added along the roadside to direct animals to the crossings (Wildlife Crossings | FWC, n.d.). The locations of the underpasses were dictated by habitat features including forested cover and the roadside canal (Land, Darrell & Lotz, Mark, 1996). 

Measuring success of wildlife crossings is typically determined by the use rate of target species. Multiple studies measured how frequently Florida panthers use the wildlife crossings along I-75, using radio-telemetry data, digital event recorders, and cameras. Like other species, the Florida panther used the crossings more frequently over time (Land, Darrell & Lotz, Mark, 1996). Panthers exclusively use the crossings at night (Foster, Melissa L. & Humphrey, Stephen R., 1995). Generally, the crossings are deemed effective, both reducing WVCs and facilitating habitat connectivity, leading to an increase in Florida panthers’ population (Beckmann et al., 2010).

Lessons learned in Florida fit broadly into two categories: crossing design considerations and the use and monitoring of fencing. An important factor to consider in the design of wildlife crossings is the location. Constructing infrastructure at traditional animal crossing sites is thought to reduce the animals’ learning curve (Foster, Melissa L. & Humphrey, Stephen R., 1995; Land, Darrell & Lotz, Mark, 1996). If the location is carefully considered, the crossing design is less important, although it is recommended that invasive plant species are removed, and native plant species are controlled to permit the visibility across crossings (Beckmann et al., 2010). 

Once the crossings are constructed and in use, monitoring of the infrastructure is crucial. Monitoring is especially important to ensure fences remain functional, and so that damaged fencing can be rapidly repaired (Beckmann et al., 2010; Foster, Melissa L. & Humphrey, Stephen R., 1995). It is also important to reduce gaps under fencing to prevent animals from getting stuck (Foster, Melissa L. & Humphrey, Stephen R., 1995). Finally, having a contingency fencing design, like one-way gates, is necessary for when animals do get caught in the fencing (Foster, Melissa L. & Humphrey, Stephen R., 1995). 

Without routine monitoring, the responsibility for reporting damage falls on the public (Beckmann et al., 2010). Currently, routine inspection of the fencing within the I-75 project is not conducted. Repairs are made on a case-by-case basis with the right-of-way maintenance crews responding to reports of damaged fencing. Temporary repairs are required to be made immediately, with a more permanent solution required within five days (Beckmann et al., 2010). 

Overall, the 24 wildlife underpasses built along I-75 in Florida are used by Florida panthers. Panthers used the crossings at increasingly higher rates as they adjusted to the new infrastructure, and 17% of females and 52% of males in the range used the crossings at least once (Beckmann et al., 2010; Foster, Melissa L. & Humphrey, Stephen R., 1995; Land, Darrell & Lotz, Mark, 1996). Implementation of wildlife crossings is associated with increased panther populations and helping identify best practices for future infrastructure.

4.2 Banff National Park, Alberta, Canada
Banff National Park in Alberta, Canada is home to the largest system of wildlife crossings in the world (figure 5) (Wildlife Crossing Structures and Research - Banff National Park, 2022). The Trans-Canada Highway runs through Banff National Park. Beginning in 1981, 83 km of road were converted from two lanes to four, including the section in Banff (Wildlife Crossing Structures and Research - Banff National Park, 2022). One of the three goals of the expansion project was ecological – aiming to reduce wildlife-vehicle collisions and increase habitat connectivity (Parks Canada Agency, 2022; Wildlife Crossing Structures and Research - Banff National Park, 2022).
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Figure 5: A wildlife overpass along the Trans-Canada Highway in Banff National Park, Alberta, Canada ( iStock via Ula Chrobak, n.d.)
Wildlife crossings were part of the upgrade project, with a two-part solution to reduce habitat fragmentation and WVCs (Wildlife Crossing Structures and Research - Banff National Park, 2022). 82 km of fencing was installed alongside the road to keep large animals out of the right of way. Habitat connectivity was achieved by the construction of 44 total wildlife crossings. The six overpasses and 38 underpasses were officially completed in 2014(Wildlife Crossing Structures and Research - Banff National Park, 2022).  

The wildlife crossing in Banff National Park were not built with one species in mind; instead, the ecosystem was the target beneficiary of the project. In addition to being the largest system of wildlife crossings, the Banff crossings are also some of the most studied structures. Animal movement in the area has been tracked since 1996, which is crucial in learning about wildlife response to new infrastructure. Data collection methods include using radio monitoring, recording animal tracks in the snow, collecting wildlife observations, and noting roadkill hotspots (Wildlife Crossing Structures and Research - Banff National Park, 2022). Data can also be used to determine future crossing locations by modeling likely crossing locations. 

Extensive data collection also provides information regarding the effectiveness of the crossing structures. Though it took up to five years for some species to adapt to the crossings, they are effective in both reducing wildlife-vehicle collisions and increasing habitat connectivity (Anthony P. Clevenger et al., 2001; Wildlife Crossing Structures and Research - Banff National Park, 2022). The fencing is especially helpful in reducing WVCs, though collisions for ungulates are more likely to occur at the ends of fencing (Anthony P. Clevenger et al., 2001). Eleven species of large mammals have been observed using the crossings over 150,000 times since data collection started in 1996 (Wildlife Crossing Structures and Research - Banff National Park, 2022). One study shows that wildlife-vehicle collisions reduced over 80% overall and over 96% for elk and deer (Wildlife Crossing Structures and Research - Banff National Park, 2022).  

Best practices emerged from the extensive data collection and research conducted on the 44 wildlife crossings. The Banff crossings highlight the importance of limiting human use of the structures and utilizing design parameters. Wildlife does not respond well to shared use of infrastructure with humans (Clevenger & Waltho, 2000; Gloyne & Clevenger, 2001). Human use of crossings in Banff is prohibited as it reduced wildlife use (Wildlife Crossing Structures and Research - Banff National Park, 2022). Species use of culverts is negatively impacted by high traffic volume, noise levels, and road width (Clevenger et al., 2001). 

Design parameters of wildlife crossings are crucial in determining the effectiveness of the infrastructure (Stewart et al., 2020). Different species prefer different structure types, and all need to be considered when designing infrastructure at the community level. For example, weasels, deer mice, red squirrels, and snowshoe hares all prefer culverts (Clevenger et al., 2001). Small mammals use crossing structures to avoid predators, while large mammals use crossings to avoid human interaction (Stewart et al., 2020).

One study found that openness of the structure is most important for the community level – with ungulates being especially sensitive to openness (Clevenger & Waltho, 2000). Similarly, grizzlies are sensitive to the width, height, and openness of crossings (Stewart et al., 2020). On the other hand, small mammals prefer smaller crossings with more vegetation to increase protection against predators (Clevenger et al., 2001; McDonald, Wayne & Cassady St. Clair, Colleen, 2004). Species’ ability to detect crossings is limited, so high volumes of crossings are more effective. 

Additionally, culverts and underpasses have their own set of optimal design standards to encourage usage by small mammals and other species (Clevenger et al., 2001). Highway projects benefit from frequently spaced culverts of differing sizes. Vegetation near entrances is also beneficial (Clevenger et al., 2001). Furthermore, landscape variables and habitat quality are important to consider when constructing crossings (Clevenger et al., 2001; Gloyne & Clevenger, 2001). Finally, installing and monitoring fencing is crucial in preventing wildlife-vehicle collisions. Fencing should be tall enough to prevent wildlife from jumping over it and should be monitored frequently, watching for holes and tears (Gloyne & Clevenger, 2001).

4.3 Interstate-80 and U.S. 93 in Northeastern Nevada
Nevada reports over 500 WVCs annually, resulting in over 5,000 animal deaths and $19 million in damages. But these numbers are likely higher; an estimated 50% of accidents remain unreported (Safety Overpasses/Underpasses | Nevada Department of Transportation, n.d.). To mitigate wildlife-vehicle crashes, the state constructed nine wildlife crossings along Interstate-80 and U.S. 93 in Northeastern Nevada. The crossings serve principally to aid the crossings of mule deer during their biannual migrations. These major roads area a primary causes of habitat fragmentation and loss of migratory corridors (Simpson et al., 2016). The interruption of historic migration patterns is detrimental to the survival of the mule deer (Simpson et al., 2016). 

Two series of crossings were built in Elko County during the 2000s and 2010s to reduce wildlife-vehicle collisions. The U.S. 93 project was constructed first, with the first crossing being completed in 2010 (John Heil, 2017). The stretch of U.S. 93 north of Wells has two overpasses (figure 6) and three underpasses (Simpson et al., 2016). I-80 has four crossings between Wendover and Wells. Both sections of highway are lined with fencing to funnel species to the crossings (Simpson et al., 2016). The crossings are in the middle of historic migration routes and in areas with high wildlife-vehicle collision rates (Safety Overpasses/Underpasses | Nevada Department of Transportation, n.d.). The crossings along U.S. 93 were studied in-depth by researchers at the University of Nevada in Reno (UNR) to determine effectiveness, and ultimately support the construction of additional crossings along I-80 (I-80 Wildlife Crossing, 2024). 
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Figure 6: A wildlife bridge across US Highway 93 in Elko County, Nevada (NDOW via John Heil, 2017).
The project goals were to reduce wildlife-vehicle collisions, save money, save lives, and improve habitat connectivity (I-80 Wildlife Crossing, 2024; Safety Overpasses/Underpasses | Nevada Department of Transportation, n.d.). These goals seemed to be achieved, as the crossings have high use rates by mule deer and other species (Simpson et al., 2016). While the mule deer use the crossings throughout the year, the use rate peaks during migration, with the crossings on U.S. 93 seeing over 35,000 mule deer crossings within the first four years of construction (Safety Overpasses/Underpasses | Nevada Department of Transportation, n.d.; Simpson et al., 2016). Other than a few research studies conducted by UNR, it is unclear to what extent the infrastructure is monitored, especially for damages in the fencing (Safety Overpasses/Underpasses | Nevada Department of Transportation, n.d.). 

The main lessons learned from the nine crossings in Elko County, Nevada are regarding the design of the infrastructure. One UNR study concluded that the mule deer are more likely to use overpasses than underpasses, seemingly preferring the openness (Simpson et al., 2016). The most used overpass was shorter, wider, and had an unobstructed view to the other side of the highway. Important factors to consider when designing crossing infrastructure, especially for ungulates, include openness, height, and environmental variables (Simpson et al., 2016).

5.0 Roadkill Hotspot Analysis
5.1 Wildlife Crossings in Idaho
The Idaho Department of Fish and Game manages a geodatabase of roadkill observations from 1977 to present day (Roadkill Observations, 2024). The database is a culmination of roadkill observations from the public, the Idaho Department of Fish and Game, and the Idaho Transportation Department. A total of 62,663 incidents were recorded for 244 different species, with deer, elk, and moose being most involved in WVCs (Table 1 and Appendix 1) (Roadkill Observations, 2024). Deer and elk are especially susceptible to WVCs during migration. Deer-vehicle collisions cost $9,100 per collision, elk collisions cost $24,000 and moose collisions cost $42,200 (Goldfarb, 2023, p. 54). 

	Table 1: Top 20 species involved in wildlife-vehicle collisions in Idaho from 1977 to 2024. (For a complete list, see Appendix 1).

	Ranking
	Common Name
	Scientific Name
	WVC Incidents

	1
	Mule Deer 
	Odocoileus hemionus
	24,382

	2
	White-tailed Deer 
	Odocoileus virginianus
	20,173

	3
	Elk 
	Cervus canadensis
	5,093

	4
	Moose
	Alces americanus
	1,330

	5
	Deer, unspecified
	Odocoileus
	1,128

	6
	Northern Raccoon 
	Procyon lotor
	1,045

	7
	Domestic Cat 
	Felis catus
	938

	8
	Coyote 
	Canis latrans
	559

	9
	Unknown 
	Unknown species
	527

	10
	Skunks and Stink Badgers 
	Mephitidae
	505

	11
	North American Porcupine 
	Erethizon dorsatum
	471

	12
	Pronghorn 
	Antilocapra americana
	454

	13
	American Badger 
	Taxidea taxus
	380

	14
	Wild Turkey 
	Meleagris gallopavo
	344

	15
	Striped Skunk 
	Mephitis mephitis
	318

	16
	Owl, unspecified
	Strigiformes
	272

	17
	Great Horned Owl 
	Bubo virginianus
	260

	18
	American Black Bear 
	Ursus americanus
	247

	19
	Barn Owl 
	Tyto alba
	242

	20
	Red Fox 
	Vulpes vulpes
	184



The first crossings in Idaho were constructed in the 1970s with another series of crossings completed in the 2000s (Idaho Transportation Department, 2024). As of 2024, the state was home to approximately 17 crossings, almost exclusively underpasses (Idaho Transportation Department, 2024). The state is planning additional crossing infrastructure projects along I-90 in Northern Idaho and along US-30 in the southeastern part of the state (Rachel Cohen, 2023).

[image: Map of Idaho]Major roads are selected as the focus because they are often the most challenging for wildlife to cross and are frequent site choices because of their high rates of WVCs. Smaller, quieter roads are easier for wildlife to cross because the gaps between care are longer (Goldfarb, 2023, p. 49). Major roads are defined as US Interstates, US Highways, and State Routes. Idaho is home to five of the country’s interstate routes – I-15, I-84, I-86, I-90, and I-184. Ten US highway routes run through the state and there are over 70 state highway routes (Figure 7). 

The state’s first overpass, State Highway-21 Cervidae Peak (figure 8), was completed in October 2023 (Abby Davis, 2023; SH-21, Cervidae Peak Wildlife Overpass, n.d.; Steve Dent, 2023). This area is a hotspot for WVCs, especially for deer and elk during migration (Abby Davis, 2023). One of Idaho’s last mule deer herds migrates across the highway, making this location particularly important (Rachel Cohen, 2023). The completion of the bridge connects mule deer and elk with their winter range, the Boise River Wildlife Management Area (SH-21, Cervidae Peak Wildlife Overpass, n.d.). The overpass is estimated to be approximately 120-150 feet long and bordered by big game fencing to direct animals. This area of Idaho first received an underpass in 2010, one mile from the now-complete overpass (Abby Davis, 2023). The underpass reduced wildlife-vehicle collisions, but the overpass is anticipated to further reduce WVCs with big game by 80% (Rachel Cohen, 2023).Figure 7: Major roads in Idaho. Source: https://geology.com/state-map/maps/idaho-road-map.gif
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Figure 8: The construction of Idaho’s first wildlife overpass at Cervidae Peak across State Highway 21 (Steve Dent, 2023).
The next planned crossing project for Idaho is in Rocky Point, south of Montpelier (Rocky Point Wildlife Crossing, n.d.). A 20-mile stretch of US-30 experiences over 100 mule deer deaths annually due to wildlife-vehicle collisions, with most collisions occurring within a five-mile stretch (Rocky Point Wildlife Crossing, n.d.). 

Despite a few planned projects across the state, Idaho is still largely void of crossing infrastructure. With the new Wildlife Crossing Pilot Program Grant, the state can leverage limited funds to construct new projects. Key wildlife-vehicle collision hotspots still lack adequate crossing infrastructure. This roadkill hotspot analysis pinpoints these important locations. Further research on identified locations can better inform future siting decisions.

5.2 Results 
The first step of the analysis was to determine the number of wildlife-vehicle collisions associated with distinct sections of major roads in Idaho. Roadkill data were spatially merged with road locations to understand where wildlife-vehicle collisions are most prevalent (Figure 9 and Table 2). Roadkill hotspots occur across the state on all three major road types. U.S. 95, U.S. 20, Interstate-84, State Route 21, and Interstate-15 have the highest frequency of incidents. 

The roadkill data was then spatially merged with the seven regions. The Panhandle Region has the highest frequency of wildlife-vehicle collisions, followed by the Southwest and Southeast Regions (Figure 10). 





	Table 2: Top 20 Major Roads in Idaho Ranked by Number of Wildlife-Vehicle Crossings. (For a complete list, see Appendix 2).

	Rank
	Major Road
	Wildlife-Vehicle Collisions

	1
	US 95
	11,467

	2
	US 20
	4,077

	3
	I-84
	3,823

	4
	State Route 21
	3,279

	5
	I-15
	3,265

	6
	US 30
	3,204

	7
	State Route 75
	2,181

	8
	US 93
	2,132

	9
	US 2
	1,919

	10
	US 12
	1,645

	11
	I-90
	1,598

	12
	State Route 55
	1,460

	13
	State Route 3
	1,239

	14
	State Route 33
	1,022

	15
	State Route 41
	1,011

	16
	State Route 34
	936

	17
	State Route 28
	920

	18
	US 26
	902

	19
	State Route 200
	828

	20
	I-86
	795
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Figure 9: Major roads with instances of wildlife-vehicle collisions. Hotspots are defined as roads within the highest quartile of roadkill incidents. 
[image: A map of idaho with several regions

Description automatically generated]
Figure 10: Idaho regions by frequency of roadkill incidents.
The Panhandle Region of Idaho has the highest volume of wildlife-vehicle collisions, making it a good candidate for wildlife crossings (Figure 11). Interstate-90, running east-west through Coeur d'Alene, is currently under consideration for a crossing. However, U.S. Highway-95, running north-south, is another crucial location. U.S. 95 has the highest frequency of wildlife-vehicle collisions statewide. 
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Figure 11: Major roads with high wildlife-vehicle collisions in the Panhandle Region. Hotspots are defined as roads within the highest quartile of roadkill incidents.
5.3 Discussion and Conclusions
Idaho’s lack of substantial wildlife crossing infrastructure makes it a prime candidate for applying to the Wildlife Crossing Pilot Program. The planned crossings (one along I-90 and one along U.S. 30) are located on major roads that fall within the top 15 roads with high frequencies of wildlife-vehicle collisions. The newly constructed overpass along State Route 21 also targets an area with high volumes of WVCs.

Moving forward, Idaho can target other areas with high volumes of roadkill incidents, particularly in the Panhandle Region. Roadkill hotspot analysis is the first step to identifying crossing locations. Further research on specific sites is necessary but this analysis provides a preliminary understanding of roadkill hotspots in Idaho. The next step is to look at identified road segments and the surrounding landscape to determine potential sites.

6.0 Conclusion
6.1 Main Findings
This paper identifies the industry best practices for constructing wildlife crossings, partially to provide guidance in determining locations best suited for wildlife crossing projects. The motivation for this paper is the Wildlife Crossings Pilot Program established by the Bipartisan Infrastructure Law. The literature review and case studies highlighted five key practices to follow when designing and constructing wildlife crossings (table 3): 1) the use of fencing in tandem with crossing infrastructure, 2) the consideration of landscape features, 3) establishing species-specific design standards, 4) restricting human interaction with crossings, and 5) routinely monitoring the infrastructure.  

	Table 3: Summary of best practices and lessons learned for implementing effective wildlife crossing infrastructure.

	Best Practice
	Examples

	Install fencing to guide wildlife
	· The longer the fencing, the better.
· Make fencing tall enough to prevent species from jumping over.
· Install fencing low to the ground to prevent species from crawling under.
· Incorporate escape routes in case species are trapped on the road. 

	Take advantage of location and landscape features
	· Construct crossings at traditional crossing locations. Look to WVC hotspots.
· Use crossings to link high quality habitat.
· Pay attention to seasonal changes in habitat, especially water features.

	Establish design standards
	· Species have preferences for crossing design. Keep this in mind when designing infrastructure.
· Keep the view to the opposite side unobstructed.
· Install crossings in series to incorporate different styles to benefit all species.

	Restrict human use
	· Trespassing, high traffic volume, and high noise levels are negatively correlated with use of crossings.

	Monitor the infrastructure
	· Study how species are adapting to the infrastructure.
· Maintain and repair the infrastructure as needed, especially fencing.
· Determine lessons learned. 



The roadkill hotspot analysis conducted in Idaho identified wildlife-vehicle collision hotspots statewide. The result of the analysis provides a foundation for further assessment of the WVC hotspots for future wildlife crossing sites. 

6.2 Limitations of Methodology
One of the main constraints is the availability of accurate wildlife-vehicle collision data. The dataset from the Idaho Department of Fish and Game was created by determining WVCs through roadkill observations. Limitations of this data collection method include the chance of not counting incidents due to human error or an animal being struck but leaving the right of way before it is counted. A second limitation is the accidental double counting of one incident due to human error. 

A second limitation of this paper is the absence of diverse literature studying the effectiveness of wildlife crossings. Studies are limited both temporally and spatially. Much of the literature is from the 1990s and early 2000s with little since then. Major government reports were published in 2008 and 2011 (Clevenger, Anthony P. & Huijser, Marcel P., 2011; Huijser, Marcel P. et al., 2008). The Wildlife Crossings Pilot Program commissions another study (Wildlife Crossings Program | FHWA, 2023). Monitoring and evaluation of completed wildlife crossing infrastructure is imperfect, with studies focusing on a few locations. The availability of literature is a limitation of this paper.

6.3 Opportunities for Further Research
As more wildlife crossings are installed in the United States, largely due to the Wildlife Crossing Pilot Program, there are greater opportunities to design studies. In addition to continuing to study the effectiveness of crossings, more specific research projects could be conducted. There are several themes that could be further explored.

For example, there is a need for a better understanding of what ecological characteristics attract wildlife to roads. Similarly, there is a lack of understanding of what road designs make wildlife more susceptible to collisions (Clevenger, Anthony P. & Huijser, Marcel P., 2011). Additionally, further studies could determine what dimensions and designs of crossings are most effective for both individual species and ecosystems.

Furthermore, studies to date largely focus on species-specific design. Most crossings are designed with a single species in mind. Broadening both the purpose of the infrastructure and the monitoring studies can help improve crossings to benefit ecosystems. The shift to an ecosystems approach is a trend in ecology generally that would benefit road ecology more specifically. 
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Appendix 1: Summary of Species involved in WVC Incidents in Idaho from 1977-2024

	Ranking
	Common Name
	Scientific Name
	WVC Incidents

	
	
	Grand Total
	62,583

	1
	Mule Deer 
	Odocoileus hemionus
	24,382

	2
	White-tailed Deer 
	Odocoileus virginianus
	20,173

	3
	Elk 
	Cervus canadensis
	5,093

	4
	Moose 
	Alces americanus
	1,603

	5
	Deer 
	Odocoileus
	1,128

	6
	Northern Raccoon 
	Procyon lotor
	1,045

	7
	Domestic Cat 
	Felis catus
	938

	8
	Coyote 
	Canis latrans
	559

	9
	Unknown 
	Unknown species
	527

	10
	Skunks and Stink Badgers 
	Mephitidae
	505

	11
	North American Porcupine 
	Erethizon dorsatum
	471

	12
	Pronghorn 
	Antilocapra americana
	454

	13
	American Badger 
	Taxidea taxus
	380

	14
	Wild Turkey 
	Meleagris gallopavo
	344

	15
	Striped Skunk 
	Mephitis mephitis
	318

	16
	Owl 
	Strigiformes
	272

	17
	Great Horned Owl 
	Bubo virginianus
	260

	18
	American Black Bear 
	Ursus americanus
	247

	19
	Barn Owl 
	Tyto alba
	242

	20
	Red Fox 
	Vulpes vulpes
	184

	21
	Ring-necked Pheasant 
	Phasianus colchicus
	183

	22
	Mountain Lion, Cougar, or Puma 
	Puma concolor
	179

	23
	Domestic Dog 
	Canis familiaris
	162

	24
	Rabbit and Hares 
	Leporidae
	158

	25
	American Beaver 
	Castor canadensis
	148

	25
	Bobcat 
	Lynx rufus
	148

	27
	Striped Skunk 
	Mephitis
	109

	28
	True Foxes 
	Vulpes
	88

	29
	Yellow-bellied Marmot 
	Marmota flaviventris
	81

	30
	Northern River Otter 
	Lontra canadensis
	80

	31
	Domestic Cattle 
	Bos taurus
	68

	32
	Rocky Mountain Bighorn Sheep 
	Ovis canadensis canadensis
	62

	33
	Canada Goose 
	Branta canadensis
	61

	34
	Golden Eagle 
	Aquila chrysaetos
	60

	35
	Animal 
	Animalia
	59

	36
	Short-eared Owl 
	Asio flammeus
	58

	36
	Gray Wolf 
	Canis lupus
	58

	38
	Mammal 
	Mammalia
	56

	39
	American Robin 
	Turdus migratorius
	55

	40
	Bird 
	Aves
	51

	41
	Uinta Ground Squirrel 
	Urocitellus armatus
	46

	42
	Greater Sage-Grouse 
	Centrocercus urophasianus
	45

	43
	Red-tailed Hawk 
	Buteo jamaicensis
	44

	44
	Brewer's Blackbird 
	Euphagus cyanocephalus
	43

	45
	Red Squirrel 
	Tamiasciurus hudsonicus
	42

	46
	Mallard 
	Anas platyrhynchos
	37

	46
	Ruffed Grouse 
	Bonasa umbellus
	37

	46
	Mountain Cottontail 
	Sylvilagus nuttallii
	37

	49
	European Starling 
	Sturnus vulgaris
	34

	49
	American Mink 
	Vison vison
	34

	51
	Swainson's Hawk 
	Buteo swainsoni
	33

	52
	Bald Eagle 
	Haliaeetus leucocephalus
	32

	53
	Bighorn Sheep 
	Ovis canadensis
	29

	54
	Jackrabbit 
	Lepus
	28

	54
	American Marten 
	Martes americana
	28

	56
	White-crowned Sparrow 
	Zonotrichia leucophrys
	25

	57
	White-tailed Jack Rabbit 
	Lepus townsendii
	24

	58
	Muskrat 
	Ondatra zibethicus
	22

	58
	Rodents 
	Rodentia
	22

	58
	Eastern Fox Squirrel 
	Sciurus niger
	22

	61
	Great Gray Owl 
	Strix nebulosa
	21

	62
	Long-tailed Weasel 
	Mustela frenata
	20

	62
	Western Meadowlark 
	Sturnella neglecta
	20

	64
	Snowshoe Hare 
	Lepus americanus
	17

	65
	Black-billed Magpie 
	Pica hudsonia
	16

	65
	Chipping Sparrow 
	Spizella passerina
	16

	67
	Northern Flicker 
	Colaptes auratus
	15

	67
	Mourning Dove 
	Zenaida macroura
	15

	69
	Feral Horse 
	Equus caballus
	14

	69
	Ring-billed Gull 
	Larus delawarensis
	14

	69
	Yellow Warbler 
	Setophaga petechia
	14

	72
	American Crow 
	Corvus brachyrhynchos
	13

	72
	California Gull 
	Larus californicus
	13

	72
	Gophersnake 
	Pituophis catenifer
	13

	75
	California Quail 
	Callipepla californica
	12

	75
	Common Raven 
	Corvus corax
	12

	75
	Trumpeter Swan 
	Cygnus buccinator
	12

	75
	Gray Partridge 
	Perdix perdix
	12

	79
	Black-tailed Jack Rabbit 
	Lepus californicus
	11

	79
	Vesper Sparrow 
	Pooecetes gramineus
	11

	79
	House Wren 
	Troglodytes aedon
	11

	82
	Western Tiger Salamander 
	Ambystoma mavortium
	10

	82
	Sparrows 
	American
	10

	82
	Northern Harrier 
	Circus cyaneus
	10

	82
	Dusky Grouse 
	Dendragapus obscurus
	10

	82
	Gulls 
	Laridae
	10

	82
	Deer Mouse 
	Peromyscus maniculatus
	10

	82
	Brewer's Sparrow 
	Spizella breweri
	10

	82
	Quail 
	Unidentified Species
	10

	90
	Northern Saw-whet Owl 
	Aegolius acadicus
	9

	90
	Unclassified Duck 
	Anatidae - Duck spp.
	9

	90
	Burrowing Owl 
	Athene cunicularia
	9

	90
	Rough-legged Hawk 
	Buteo lagopus
	9

	90
	Brown-headed Cowbird 
	Molothrus ater
	9

	90
	Cliff Swallow 
	Petrochelidon pyrrhonota
	9

	96
	Hawk 
	Accipiter or Buteo
	8

	96
	Bats 
	Chiroptera
	8

	96
	American Kestrel 
	Falco sparverius
	8

	96
	 
	Lilium
	8

	96
	Song Sparrow 
	Melospiza melodia
	8

	96
	Terrestrial Gartersnake 
	Thamnophis elegans
	8

	102
	Red-winged Blackbird 
	Agelaius phoeniceus
	7

	102
	Cedar Waxwing 
	Bombycilla cedrorum
	7

	102
	Turkey Vulture 
	Cathartes aura
	7

	102
	Dark-eyed Junco 
	Junco hyemalis
	7

	102
	Western Screech-Owl 
	Megascops kennicottii
	7

	102
	Savannah Sparrow 
	Passerculus sandwichensis
	7

	102
	Grizzly Bear or Brown Bear 
	Ursus arctos
	7

	109
	Great Blue Heron 
	Ardea herodias
	6

	109
	Common Nighthawk 
	Chordeiles minor
	6

	109
	Rock Dove 
	Columba livia
	6

	109
	Virginia Opossum 
	Didelphis virginiana
	6

	109
	 
	Falconiformes
	6

	109
	Sandhill Crane 
	Grus canadensis
	6

	109
	Mustela sp. 
	Mustela
	6

	109
	Western Tanager 
	Piranga ludoviciana
	6

	109
	Tree Swallow 
	Tachycineta bicolor
	6

	109
	Yellow-pine Chipmunk 
	Tamias amoenus
	6

	119
	Chukar 
	Alectoris chukar
	5

	119
	Long-eared Owl 
	Asio otus
	5

	119
	Killdeer 
	Charadrius vociferus
	5

	119
	Painted Turtle 
	Chrysemys picta
	5

	119
	Western Rattlesnake 
	Crotalus oreganus
	5

	119
	Wolverine 
	Gulo gulo
	5

	119
	Cassin's Finch 
	Haemorhous cassinii
	5

	119
	Belted Kingfisher 
	Megaceryle alcyon
	5

	119
	House Sparrow 
	Passer domesticus
	5

	119
	Sora 
	Porzana carolina
	5

	119
	Squirrel, Woodchuck, Marmot 
	Sciuridae
	5

	119
	Unclassified Squirrel 
	Sciuridae - Squirrel spp.
	5

	131
	Western Toad 
	Anaxyrus boreas
	4

	131
	Grey Goose - domestic and wild geese 
	Anser
	4

	131
	Horned Lark 
	Eremophila alpestris
	4

	131
	Barn Swallow 
	Hirundo rustica
	4

	131
	 
	Holsingeria
	4

	131
	Bullock's Oriole 
	Icterus bullockii
	4

	131
	Red Crossbill 
	Loxia curvirostra
	4

	131
	Mountain Goat 
	Oreamnos americanus
	4

	131
	Common Poorwill 
	Phalaenoptilus nuttallii
	4

	131
	Common Whitetail 
	Plathemis lydia
	4

	131
	Eastern Gray Squirrel 
	Sciurus carolinensis
	4

	131
	Yellow-rumped Warbler 
	Setophaga coronata
	4

	131
	Mountain Bluebird 
	Sialia currucoides
	4

	131
	Pine Siskin 
	Spinus pinus
	4

	131
	Cottontail rabbit 
	Sylvilagus
	4

	146
	Sharp-shinned Hawk 
	Accipiter striatus
	3

	146
	Accipitridae Family 
	Accipitridae
	3

	146
	Cinnamon Teal 
	Anas cyanoptera
	3

	146
	American Bison 
	Bos bison
	3

	146
	Goose 
	Branta
	3

	146
	Racer 
	Coluber constrictor
	3

	146
	Lincoln's Sparrow 
	Melospiza lincolnii
	3

	146
	Water Vole 
	Microtus richardsoni
	3

	146
	 
	Neviusia
	3

	146
	Sage Thrasher 
	Oreoscoptes montanus
	3

	146
	Domestic Sheep 
	Ovis aries
	3

	146
	American White Pelican 
	Pelecanus erythrorhynchos
	3

	146
	Green-tailed Towhee 
	Pipilo chlorurus
	3

	146
	Barred Owl 
	Strix varia
	3

	146
	Common Gartersnake 
	Thamnophis sirtalis
	3

	146
	Sharp-tailed Grouse 
	Tympanuchus phasianellus
	3

	146
	Western Jumping Mouse 
	Zapus princeps
	3

	163
	Cooper's Hawk 
	Accipiter cooperii
	2

	163
	Idaho Point-headed Grasshopper 
	Acrolophitus pulchellus
	2

	163
	Pygmy Rabbit 
	Brachylagus idahoensis
	2

	163
	Cackling Goose 
	Branta hutchinsii
	2

	163
	Snowy Owl 
	Bubo scandiacus
	2

	163
	Broad-winged Hawk 
	Buteo platypterus
	2

	163
	Golden-mantled Ground Squirrel 
	Callospermophilus lateralis
	2

	163
	Swan 
	Cygnus
	2

	163
	Gray Catbird 
	Dumetella carolinensis
	2

	163
	Prairie Falcon 
	Falco mexicanus
	2

	163
	Wilson's Snipe 
	Gallinago delicata
	2

	163
	Woodchuck 
	Marmota monax
	2

	163
	Little Brown Myotis 
	Myotis lucifugus
	2

	163
	Osprey 
	Pandion haliaetus
	2

	163
	Black-headed Grosbeak 
	Pheucticus melanocephalus
	2

	163
	Reptile 
	Reptilia
	2

	163
	Eurasian Collared-Dove 
	Streptopelia decaocto
	2

	163
	Eastern Cottontail 
	Sylvilagus floridanus
	2

	163
	Columbian Sharp-tailed Grouse 
	Tympanuchus phasianellus columbianus
	2

	163
	Eastern Kingbird 
	Tyrannus tyrannus
	2

	163
	Belding's Ground Squirrel 
	Urocitellus beldingi
	2

	163
	Columbian Ground Squirrel 
	Urocitellus columbianus
	2

	163
	Southern Idaho Ground Squirrel 
	Urocitellus endemicus
	2

	163
	Yellow-headed Blackbird 
	Xanthocephalus xanthocephalus
	2

	187
	Bird Hawks 
	Accipiter
	1

	187
	Wood Duck 
	Aix sponsa
	1

	187
	Dabbling Ducks 
	Anas
	1

	187
	American Wigeon 
	Anas americana
	1

	187
	American Black Duck 
	Anas rubripes
	1

	187
	American Pipit 
	Anthus rubescens
	1

	187
	Lesser Scaup 
	Aythya affinis
	1

	187
	Common Goldeneye 
	Bucephala clangula
	1

	187
	Barrow's Goldeneye 
	Bucephala islandica
	1

	187
	Red-shouldered Hawk 
	Buteo lineatus
	1

	187
	Mountain Plover 
	Charadrius montanus
	1

	187
	Rubber Boa 
	Charina bottae
	1

	187
	Evening Grosbeak 
	Coccothraustes vespertinus
	1

	187
	Northern Bobwhite 
	Colinus virginianus
	1

	187
	Western Wood-Pewee 
	Contopus sordidulus
	1

	187
	Prairie Rattlesnake 
	Crotalus viridis
	1

	187
	Tundra Swan 
	Cygnus columbianus
	1

	187
	Mute Swan 
	Cygnus olor
	1

	187
	Northern Pike 
	Esox lucius
	1

	187
	Peregrine Falcon 
	Falco peregrinus
	1

	187
	Gyrfalcon 
	Falco rusticolus
	1

	187
	American Coot 
	Fulica americana
	1

	187
	Common Loon 
	Gavia immer
	1

	187
	Northern Pygmy-Owl 
	Glaucidium gnoma
	1

	187
	Northern Shrike 
	Lanius excubitor
	1

	187
	Hoary Bat 
	Lasiurus cinereus
	1

	187
	Hoary Marmot 
	Marmota caligata
	1

	187
	Merganser 
	Mergus
	1

	187
	Meadow Vole 
	Microtus pennsylvanicus
	1

	187
	Ermine 
	Mustela erminea
	1

	187
	Bushy-tailed Woodrat 
	Neotoma cinerea
	1

	187
	Long-billed Curlew 
	Numenius americanus
	1

	187
	California Bighorn Sheep 
	Ovis canadensis californiana
	1

	187
	Lazuli Bunting 
	Passerina amoena
	1

	187
	Band-tailed Pigeon 
	Patagioenas fasciata
	1

	187
	Fisher 
	Pekania pennanti
	1

	187
	Gray Jay 
	Perisoreus canadensis
	1

	187
	Hairy Woodpecker 
	Picoides villosus
	1

	187
	Black-bellied Plover 
	Pluvialis squatarola
	1

	187
	Mountain Chickadee 
	Poecile gambeli
	1

	187
	Ruby-crowned Kinglet 
	Regulus calendula
	1

	187
	Broad-tailed Hummingbird 
	Selasphorus platycercus
	1

	187
	Rufous Hummingbird 
	Selasphorus rufus
	1

	187
	Western Groundsnake 
	Sonora semiannulata
	1

	187
	Red-naped Sapsucker 
	Sphyrapicus nuchalis
	1

	187
	Western Spotted Skunk 
	Spilogale gracilis
	1

	187
	American Goldfinch 
	Spinus tristis
	1

	187
	True Owl 
	Strigidae
	1

	187
	Chipmunk 
	Tamias
	1

	187
	Least Chipmunk 
	Tamias minimus
	1

	187
	Douglas's Squirrel 
	Tamiasciurus douglasii
	1

	187
	Thamnophis sp. 
	Thamnophis
	1

	187
	Idaho Pocket Gopher 
	Thomomys idahoensis
	1

	187
	Northern Pocket Gopher 
	Thomomys talpoides
	1

	187
	Unclassified Flycatcher 
	Tyrannidae - Flycatcher spp.
	1

	187
	Western Kingbird 
	Tyrannus verticalis
	1

	187
	Bear 
	Ursus
	1

	187
	Warbling Vireo 
	Vireo gilvus
	1





Appendix 2: Major Roads in Idaho Ranked by Number of Wildlife-Vehicle Crossings

	Rank
	Major Road
	Wildlife-Vehicle Collisions

	1
	US 95
	11,467

	2
	US 20
	4,077

	3
	I-84
	3,823

	4
	State Route 21
	3,279

	5
	I-15
	3,265

	6
	US 30
	3,204

	7
	State Route 75
	2,181

	8
	US 93
	2,132

	9
	US 2
	1,919

	10
	US 12
	1,645

	11
	I-90
	1,598

	12
	State Route 55
	1,460

	13
	State Route 3
	1,239

	14
	State Route 33
	1,022

	15
	State Route 41
	1,011

	16
	State Route 34
	936

	17
	State Route 28
	920

	18
	US 26
	902

	19
	State Route 200
	828

	20
	I-86
	795

	21
	State Route 6
	769

	22
	State Route 52
	750

	23
	US 89
	568

	24
	State Route 36
	426

	25
	State Route 53
	421

	26
	State Route 13
	414

	27
	State Route 16
	390

	28
	State Route 8
	383

	29
	US 91
	379

	30
	State Route 57
	369

	31
	State Route 1
	321

	32
	State Route 54
	293

	33
	State Route 11
	258

	33
	State Route 87
	258

	35
	State Route 9
	257

	36
	State Route 97
	250

	37
	State Route 5
	237

	38
	State Route 31
	199

	39
	State Route 78
	182

	40
	State Route 44
	145

	41
	I-184
	136

	42
	State Route 46
	132

	43
	State Route 25
	117

	44
	State Route 34,36
	109

	44
	State Route 48
	109

	46
	State Route 39
	106

	47
	State Route 7
	103

	48
	State Route 71
	101

	49
	State Route 51
	96

	50
	State Route 32
	95

	51
	State Route 14
	86

	52
	State Route 22,33
	65

	53
	State Route 77
	62

	54
	State Route 22
	61

	54
	State Route 24
	61

	56
	State Route 162
	54

	56
	State Route 37
	54

	58
	State Route 45
	48

	59
	State Route 3,8
	47

	60
	State Route 28,33
	43

	61
	State Route 50
	41

	62
	State Route 167
	37

	62
	State Route 81
	37

	64
	State Route 67
	29

	65
	State Route 58
	28

	66
	State Route 19
	25

	66
	State Route 99
	25

	68
	State Route 47
	23

	69
	State Route 51,78
	21

	69
	State Route 61
	21

	71
	State Route 27
	19

	72
	State Route 69
	18

	73
	State Route 64,162
	17

	74
	State Route 38
	16

	75
	State Route 44,55
	14

	76
	State Route 62
	11

	76
	State Route 74
	11

	78
	State Route 64
	9

	78
	State Route 72
	9

	80
	State Route 18
	8

	81
	US 195
	5

	81
	State Route 79
	5

	83
	State Route 128
	4

	84
	State Route 29
	3

	84
	State Route 4
	3

	86
	State Route 25,77
	2

	86
	State Route 66
	2

	86
	State Route 89
	2

	89
	State Route 60
	1




1. Clean Data


2. Isolate major roads: Interstates, US Highways, State Highways


3. Buffer the roads to include roadsides


4. Spatial join road layer with roadkill incidents
Statewide Hotspots


5. Spatial join roadkill incidents to regions
Regional Hotspots 


6. Regional analysis: Panhandle region
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