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ABSTRACT 

Colorado’s Western Slope is home to several of the largest herds of migratory mule deer 
(Odocoileus hemionus) and elk (Cervus elaphus) in North America. Highways bisect important 
ranges and migratory corridors, creating significant conflicts between wildlife and vehicles. As a 
result, the state documents reported 4,000 wildlife-vehicle collisions each year, costing an 
estimated $66.4 million annually in damages. Research suggests that wildlife crossing structures 
can reduce ungulate-related wildlife-vehicle collisions by 80-90%. Appropriately sized wildlife 
crossing structures, combined with exclusionary fencing to guide animals to the structures, are 
the most effective mitigation options for reducing wildlife-vehicle collisions and restoring or 
maintaining habitat connectivity. Therefore, my study evaluated the effectiveness of phase I of a 
wildlife mitigation project constructed along a rural highway in northwestern Colorado. Wildlife 
use of the crossing structures was monitored using motion-triggered cameras for two-years post-
construction to document species presence, movement behavior, and successful passage events. I 
also analyzed carcass and crash data to determine whether the mitigation successfully reduced 
wildlife-vehicle collisions within the mitigated area. Post-construction monitoring showed that 
mule deer were the most frequently detected species and used all crossing structures. Elk used 
the large underpass more consistently than the small underpass structure. Other species, 
including black bear, bobcat, coyote, mountain lion, moose and smaller mammals were also 
detected, indicating use from a diverse array of wildlife. In addition, carcass and collision data 
suggested an 86 to 97% decline in wildlife-vehicle collisions within the mitigated area post-
construction. Overall, the first two years post-construction indicated a reduction in reported 
crashes and a diversity of species approaching and using the crossing structures. Monitoring will 
continue for three additional years to determine continued successful passages and movement 
behaviors within the mitigated area. 
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INTRODUCTION 

Colorado’s Western Slope is home to several of the largest herds of migratory mule deer 

(Odocoileus hemionus) and elk (Cervus elaphus) in North America (CPW 2020). Many 

highways and communities bisect their native ranges and migratory corridors, creating 

substantial conflicts between wildlife and vehicles (CPW 2020). As a result, 60% of wildlife-

vehicle crashes occur in these landscapes (Kintsch et al. 2019, CPW 2020). The state has 4,000 

reported wildlife-vehicle collisions (WVCs) each year, resulting in major property damage, 

serious injuries, and even fatalities, costing an estimated $66.4 million annually (Kintsch et al. 

2019; Wildlife Transportation Alliance 2025). 

Wildlife populations are negatively affected by roads through direct mortality on 

roadways and indirectly by habitat fragmentation, altered habitat use, and restricted movement 

(Fahrig and Rytwinski 2009; Schmidt et al. 2021). To alleviate these impacts caused by roadway 

systems, wildlife biologists, land managers, and civil engineers often collaborate to develop 

mitigation strategies to reduce WVC, improve safety, and restore habitat connectivity by 

installing roadside exclusionary fencing, wildlife crossing structures (overpasses/underpasses), 

speed restrictions, or habitat modifications (Clevenger et al. 2001, 2012; Schmidt et al. 2021). 

Research suggests that wildlife crossing structures can reduce ungulate-related WVCs by 80-

90% (Clevenger et al. 2012; Huijser et. al. 2016; Kintsch et al. 2019). 

Installing exclusionary fencing alone without wildlife crossing structures is often used by 

departments of transportation and some land managers to improve safety for the traveling public 

by reducing WVCs. This solution is 99% effective (Clevenger et al. 2001; Basting et al. 2022). 

Although effective at reducing WVCs, this mitigation option does not provide wildlife access to 
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suitable habitat, and completely severs connectivity, especially if the roadway bisects a migration 

corridor (Clevenger et al. 2012; Schmidt et al. 2021). Therefore, appropriately sized wildlife 

crossing structures, combined with exclusionary fencing to guide animals to the structures, are 

the most effective mitigation options for reducing wildlife-vehicle collisions and restoring or 

maintaining habitat connectivity (Clevenger et al. 2012; Huijser et. al. 2016; Schmidt et al. 2021; 

Basting et al. 2022). Unfortunately, these mitigation measures are often very costly to 

implement, require many years of planning, and require land protection through conservation 

easements or other land agreements around the structures to prevent development. Increased 

development reduces the overall effectiveness of these mitigation measures by precluding 

wildlife use of the crossing structures due to noise or human presence (Clevenger and Waltho 

2005; Hamilton et al. 2024). 

The Colorado Department of Transportation (CDOT) began planning and designing a 

highway safety improvement project in 2012 that included widening State Highway (SH) 13 to 

add shoulders and passing lanes between milepost (MP) 4 and 16. During the planning and 

design process, CDOT identified WVCs as a safety risk to the traveling public. To increase 

motorist safety along the highway, incorporating wildlife crossings was an important 

consideration in the design process, given the high wildlife collision rates along this 

transportation corridor. To mitigate for the additional widening of the highway, thereby creating 

more barriers to animal movements, it was essential to include crossing structures large enough 

for a variety of wildlife species to pass through comfortably (Basting et al. 2022). Due to 

increasing costs of constructing wildlife mitigation systems, it was determined during planning 

and design that the project would need to be built in phases to ensure constructability and 
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affordability. Therefore, for phase I, the first five miles of the planned project from MP 12.78-16 

was constructed, which included one large concrete arch underpass, a smaller concrete arch 

underpass, a large concrete box culvert (CBC), and eight-foot exclusionary fencing to guide 

wildlife to the crossing structures. Other mitigation features included escape ramps to provide an 

egress for animals trapped within the fenced right-of-way (ROW) and deer guards at driveways 

and County Roads to deter animals from entering the mitigated roadway. This highway safety 

construction and wildlife mitigation began in the spring of 2022 and was completed in December 

2023. 

My study is a preliminary evaluation of the effectiveness of phase I of the wildlife 

mitigation project along SH 13 in Garfield County, CO (Figure 1). This rural, two-lane state 

highway is a regional principal arterial that provides routes for commuters and visitors and is a 

critical freight route linking Interstate 70 in Colorado and Interstate 80 in Wyoming. Serving 

rural northwestern communities, this roadway sees an average annual daily traffic of 2,835 

vehicles (CDOT 2025). Land status in this area consists of Bureau of Land Management (BLM) 

lands and private ranches. Moreover, this area provides habitat for a diverse array of wildlife, 

including mule deer and elk, as well as black bear (Ursus americanus), bobcat (Lynx rufus), 

coyote (Canis latrans), mountain lion (Puma concolor), red fox (Vulpes vulpes), wild turkey 

(Meleagris gallopavo), and other fauna. Specifically, the valley through which this roadway 

passes is an essential summer and winter habitat for mule deer and elk, which move in this 

habitat seasonally, and sometimes daily, across the highway. These seasonal and daily movement 

patterns increase risks to motorists as animals cross the highways to reach suitable habitat. 

Traffic volumes are relatively low on this stretch of highway and do not pose a complete barrier 
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to movement; thus, wildlife still attempt to cross the highway to access habitat and resources 

(Gagnon et al. 2011; Seidler et al. 2014; Kintsch et al. 2019). Daily traffic counts of 2,400 

vehicles have been shown to be a substantial barrier to elk movement in Arizona (Gagnon et al. 

2007). This creates a high risk of collisions, and Colorado State Patrol (CSP) crash data from 

2012-2025 indicated that, within the project limits, 34 of 118 total reported crashes (29%) 

involved wildlife. 
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Figure 1. Study area on State Highway 13 north of the City of Rifle, in Garfield County, 
Colorado. Phase I of a three-phased project is outlined in gray. 

The study area is at the southern extent of large migration routes for both mule deer and 

elk. Regardless, movement across the highway by these species is still common within the study 

area. SH 13 bisects the winter ranges for both mule deer and elk, and much of their activity 
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across the highway occurs between November and May. However, mule deer have been 

documented to occur year-round in the study area (Kintsch 2014). Moreover, this highway was 

identified as a high-hazard collision area in Colorado Parks and Wildlife (CPW) species-habitat 

mapping data. Collisions with black bear and mountain lion are of concern in the segment 

between MP 12-16. Mountain lion crossings are common from MP 16 south all the way to Rifle. 

Bobcat activity occurs across this segment as well as other small and medium-sized mammals 

(Kintsch 2014).  

Because wildlife crossing structures can be costly options for reducing wildlife-vehicle 

collisions, it is critical to ensure sufficient monitoring to assess their effectiveness and help 

inform future projects. Across the U.S., many studies have indicated that ungulates and other 

wildlife need time to adapt to wildlife crossing structures (Gagnon et al. 2011). Therefore, long-

term monitoring of these crossing structures is important for evaluating their effectiveness and 

justifying the high costs of constructing them (Clevenger and Waltho 2003; Gagnon et al. 2011). 

Monitoring can involve multiple strategies; for example, studies have used sand traps, 

track plates, or other tracking materials to identify species use and frequency as they approach or 

walk through a structure (Ford et al., 2009). The use of motion-triggered camera monitoring has 

become an increasingly popular method for assessing wildlife use and frequency, as well as 

behavior (Ford et al., 2009). Using this method can provide direct measurements by analyzing 

successful passage rates, species presence, and animal behavior (Gagnon et al., 2011; Schmidt et 

al. 2021). This monitoring study is important for assessing the effectiveness of the constructed 

wildlife crossing structures and for understanding how wildlife adapt to them on the landscape. 

Moreover, this monitoring will inform future phases of the design and implementation of 
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crossing structures along this corridor. Successful highway mitigation projects are characterized 

by substantial reductions in WVC rates, maintaining habitat connectivity, and reconnecting 

historic movement patterns (Ford et al., 2009). It is also important to understand the different 

wildlife species that move through the landscape and could potentially use the crossing 

structures, and how often they may use them over a given period.  

The objectives of my monitoring study are to evaluate the overall effectiveness of the 

constructed wildlife crossing structures, two years post-construction, to determine: 

• Overall species presence and effectiveness of wildlife passage through the crossing 

structures. 

• The reduction of wildlife-vehicle collisions and improving driver safety, if any, within the 

mitigated area, as measured by carcass and crash data. 

• The effectiveness of the large underpass in passing elk, which are often reluctant to use 

narrow or smaller-sized crossings and require large open passages or overpass structures.  

• Movements of wildlife outside the mitigated area at the southern fence terminus. 

To measure these objectives, I evaluated species presence and detection events at each 

underpass location during the two-year post-construction monitoring period from January 2024 

to January 2026. Post-construction monitoring will continue for at least three more years to 

determine the presence and use of the structures by species over time. 
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METHODS 

Site Description 

My study was conducted in northwest Colorado along a rural highway corridor 

intersecting a semiarid, wildlife-rich landscape characterized by broad, grass-, shrub-, and 

woodland-covered benches and mesas that support warm-season grasses, winterfat 

(Krascheninnikovia lanata), Mormon tea (Ephedra viridis), fourwing saltbush (Atriplex 

canescens), and sagebrush (Artemisia spp.). Two-needle pinyon (Pinus edulis) and Utah juniper 

(Juniperus osteosperma) occur throughout much of the habitat, with scattered Gambel oak 

(Quercus gambelii) at higher elevations (Chapman et al. 2006). Average annual precipitation in 

the region ranges from 25-45 centimeters in lower areas; on the highest sites, it can reach 50 to 

63 centimeters. Livestock grazing and crop agriculture are the most dominant land uses, but oil 

shale extraction and coal mining are also present in the region (Chapman et al. 2006). 

Phase I of this wildlife mitigation is part of a larger three-phase project spanning MP 4-16 

at elevations ranging between 1,920-2,256 meters (6,300-7,400 feet) along SH 13, north of the 

City of Rifle CO. Phase I is located between MP 12.78 and 16 (Figure 1). Wildlife mitigation in 

this phase included one large concrete arch underpass structure measuring 10.97 meters (m) (36 

feet) wide, 4.88 meters (16 feet) high, and 36.56 meters (120 feet) in length to accommodate elk 

passage since this species prefers larger sized openness ratios (Basting et al. 2022), a smaller 

concrete arch underpass measuring 6.09 m (20 feet) wide, 3.35 m (11 feet) high and 23.16 m (76 

feet) in length, and a large concrete box culvert measuring 4.88 m (16 feet) wide, 3.35 m (11 

feet) high, and 22.55 m (74 feet) in length (Figures 2-4). 
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The study location was appropriate for evaluating underpass effectiveness because the 

highway bisected habitat used by several wildlife species for daily and seasonal movement, 

creating a strong need for safe wildlife passage and an opportunity to assess structure-specific 

use by certain species. 

Figure 2. The large wildlife underpass viewed from the southwest corner near the right-of-way 
fence. SH 13 is in the background. This structure is 10.97 m (36 feet) wide, 4.88 m (16 feet) 
high, and 36.56 m (120 feet) in length. 
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Figure 3. The small wildlife underpass viewed from the east side of the structure. This structure 
measures 6.09 m (20 feet) wide, 3.35 m (11 feet) high and 23.16 m (76 feet) in length. 

Figure 4. The concrete box culvert underpass viewed from the right-of-way fence on the west 
side of the structure opening. The structure is 4.88 m (16 feet) wide, 3.35 m (11 feet) high, and 
22.55 m (74 feet) in length. 
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My two-year monitoring study evaluated the effectiveness of the constructed wildlife 

mitigation by documenting the species that approached or moved through the two underpasses 

and the CBC, which were present in the adjacent habitat, or attempted to cross the highway at the 

southern fence ends. My study also analyzed CDOT carcass data and CSP crash data to 

understand if the mitigation was successful at reducing WVCs within the mitigated area. 

Observations of species use of the large and small underpasses were conducted from January 

2024 to January 2026; the CBC from August 2025 to January 2026; and fence ends from 

December 2025 to January 2026. 

Post-Construction Camera Monitoring 

Reconyx HyperFire 2 Professional Series and Moultrie motion-triggered cameras were 

used to monitor species presence and behavior and were deployed at four monitoring locations. 

Reconyx HyperFire 2 motion-triggered cameras were deployed at the large and small 

underpasses and the fence ends, and Moultrie motion-triggered cameras were deployed at the 

CBC structure. Each motion-triggered camera was mounted on fence posts along the wingwalls 

of the structures, facing either the structure or the habitat to capture animal movements 

approaching the structures or fence ends. Each motion-triggered camera was set to take 10 

photos per trigger, with no delay between photos and a one-second delay between triggers. The 

24-hour format was used, and photos were taken both during the daytime and nighttime. 

Temperature was captured in degrees Celsius. Location coordinates were recorded for each 

motion-triggered camera (Table 1). Post-construction monitoring began in January 2024 and 
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will continue through 2029, for a total of approximately five years. Cameras were visited on 

average once every six to twelve weeks from January through December to exchange batteries 

and memory cards. During this time, animal tracks were noted and documented in each crossing 

structure to determine species presence. 

I deployed a total of eight cameras (four at each of the large and small arch underpasses) 

on January 19, 2024 (Table 1). Two cameras were deployed at each end of the structure (east and 

west sides) and mounted on the exclusion fence posts on the wingwalls to deter potential theft 

(Figure 5). At each end of the arch structure, one camera faced toward the structure opening and 

one camera faced the habitat to ensure the cameras were able to capture animal behavior as they 

approached the structure as well as the habitat side (Figure 7), to determine whether the animal 

was approaching the structure or foraging and to capture animal behavior if attempting to pass 

through the structure. Cameras that were pointed towards the habitat from the passage provided a 

view of approximately 15.24 meters (50 feet) past the fence, with a width of approximately 10.97 

meters (36 feet) at the fence and 22.25 (73 feet) at trigger distance. 
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Figure 5. Motion-triggered camera secured in a utility box at the small underpass along the 
fenced right-of-way (left) and the cameras mounted in security boxes with cable locks on the 
fence posts on the wingwalls of the structure (right). 

On April 25, 2025, two of the four cameras at the small arch underpass were relocated 

from the wingwalls to the right-of-way fence, facing directly into the structure opening at each 

end to provide a better angle for capturing animal behavior and successful movements through 

the structure. The ground is more level at this structure, allowing the cameras to capture animal 

movement and behavior at the correct height and distance from the structure while also detecting 

a larger area. These cameras were placed in utility boxes with locks for security, given their 

proximity and visibility from the highway. 



 
 
 

  
     

     

     

     

    

 

 

 

  

 

 

 

  

 

    

 

     

     

     

      

      

  

  

   

14 

Table 1. Wildlife crossing structures camera locations, installation date, and distance view width 
for each camera deployed for phase I of the two-year post-construction monitoring. 
Camera # Install Date Latitude Longitude Comment 

Camera 1 01-19-2024 39.69360 -107.92715 NE side; Lg passage view 

Camera 2 01-19-2024 39.69360 -107.92715 NE side; Habitat/fence view 

Camera 3 01-19-2024 39.69360 -107.92715 SW side; Lg passage view 

Camera 4 01-19-2024 39.69360 -107.92715 SW side; Habitat/fence 

view 

Camera 5 01-19-2024 39.68083 -107.91680 NE side; Small passage 

/04-25-25 view 

Camera 6 01-19-2024 39.68083 -107.91680 SW side; Small passage 

/04-25-25 view 

Camera 7 01-19-2024 39.68083 -107.91680 SW side; Habitat/fence 

view 

Camera 8 04-25-25 39.68083 -107.91680 SE side; Habitat/fence view 

Camera 9 12-23-25 39.66318 -107.89418 S Fence End; East Side 

Camera 10 12-23-25 39.66294 -107.89452 S Fence End; West Side 

Camera 16 08-07-25 39.66993 -107.90300 West Side - CBC 

Camera 17 08-07-25 39.67001 -107.90275 East Side - CBC 

On August 7, 2025, two cameras were installed at the CBC and were placed on the 

exclusion fence posts at the wingwalls, one on the west side and one on the east side, angled 

towards the opening of the CBC structure to capture species presence or animal movements 
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approaching, retreating, or making a successful passage through the CBC structure. Results for 

the CBC were not compared to the two arch underpasses. I had limited access to Recoynx 

cameras, which meant I had to use a different motion-triggered camera with a shorter trigger 

range and fewer photos per trigger event. However, any data obtained from the Moultrie cameras 

will be used for observational purposes. 

To monitor the southern terminus of the wildlife mitigation, Reconyx cameras were 

installed on the fence end posts to capture animal movements or wildlife activity outside the 

mitigated area. These cameras were installed in December 2025. Both cameras were angled 

toward the habitat to avoid detecting oncoming traffic, rather than animal movements around the 

fence ends (Figure 6). All cameras were placed inside Reconyx or Moultrie metal security boxes 

and secured with cable locks (Figure 5). 



 
 
 

 

 
     

16 

Figure 6. Motion-triggered camera mounted to the end of the exclusion fence at the southern 
fence end. The camera is viewed facing north on the east side of SH 13. 
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West 

East 

Figure 7. Schematic drawing of the camera placement (adapted from Kintsch et al. 2025) for the 
large underpass at milepost 15.38 on SH13. The small underpass had a similar setup, except the 
cameras were moved to face the opening from the right-of-way fence (pictured where the deer is 
standing).   

I recorded species presence and abundance for all cameras at each structure. I also 

calculated and analyzed the total number of detection events for two of the four cameras at each 

end of the structure facing the opening, which will be referred to as paired cameras. A detection 

event is defined as a single camera trap activation that produces a sequence of 10 images, where 

an animal is present in one or more images within that sequence. To analyze the detection events, 

I sorted each photo detection event from the paired cameras, into separate folders, isolating only 

game species and excluding birds. I used the ExifR Tool in RStudio (R Core Team 4.5.1, 2025) 

to extract metadata from each photo in each camera into a spreadsheet to calculate species 

presence and abundance for all photos captured during the two-year monitoring period for both 

arch underpasses, from January 2024 to January 2026. Additionally, species presence was 

documented for cameras facing away from the structure towards the habitat to analyze species 
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presence in the habitat near the crossing structure, but these detections were not included in the 

detection-event analyses for my preliminary monitoring study. 

Wildlife-Vehicle Collision Data Analysis 

The WVC analysis used two datasets: CSP- reported crash data and CDOT Maintenance 

carcass data. CSP crash data was obtained from CDOT Traffic and Safety, which is widely used 

for WVC crash analysis due to the data’s consistent collection across the state; however, these 

datasets are widely recognized as underreported. Even so, they provide useful comparisons of 

annual trends and spatial patterns in WVCs (Kintsch et al. 2019; Kintsch et al. 2025). Carcass 

data collected by CDOT Maintenance patrols have been recorded since the early 2000’s. These 

data, while not consistently recorded across patrols, supplement and provide supportive analysis 

to the CSP crash data (Kintsch et al. 2019). Maintenance carcass data are generally recorded 

where the carcass was removed from the road, and only those carcasses that pose a hazard are 

removed. These data may not indicate the exact location of the collision, but it provides metrics 

to identify where collisions are likely to occur on the highway. Using the data for any before-

and-after construction analysis can be limited by inconsistencies in data collection, but it can still 

be used to inform overall trends after mitigation is constructed on the landscape (Kintsch et al. 

2019; Kintsch et al. 2025). 
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RESULTS 

Post-Construction Camera Monitoring and Species Presence 

Multiple species were detected, including mule deer, elk, moose (Alces alces shirasi) 

black bear, coyote, bobcats, wild turkey, smaller fauna (e.g., cottontail rabbits, prairie dogs, 

raccoons, weasels, and rodents), and many common avian species. Wildlife detections were 

substantially higher at the large underpass than at the small underpass, and species richness was 

higher at the large underpass. Ungulates, specifically mule deer and elk, were the most dominant 

species detected, followed by coyote and cottontail rabbits. The total detection events, including 

all species at the large and small underpasses for the paired cameras, were approximately 43,101 

and 10,509, respectively, over the two-year monitoring period from January 2024 to January 

2026. The total number of days the cameras were deployed was 742 days. 

Temporal patterns were evident in the camera data, with detections predominantly 

captured at night at both underpasses and seasonal use peaking during the warmer months. Large 

underpass detections were highest in the summer, followed by fall, spring, and winter. That same 

seasonal pattern was observed at the small underpass. 

For this analysis, focus will be on ungulates, particularly mule deer and elk, as they are 

the dominant species in the study area and are most frequently represented in WVC and carcass 

datasets. 
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Figure 8. Mule deer observed approaching the large underpass structure during one detection 
event in April 2024 and then retreating during a separate detection event in May 2024. Mule deer 
are on the west side of the structure. 

Early in the monitoring period from January 2024 through April 2024, mule deer 

approached the underpass; however, many detection events showed hesitation, with animals 

approaching, sniffing, and retreating (Figure 8). Ungulate activity increased from April to June 

2024 when mule deer and elk approached the large underpass crossing. Multiple mule deer 

moved through the passage, but elk were observed only during two events in April of 2024 and 

did not appear to move through the structure during this early timeframe. Mule deer were 

observed making more frequent daily movements, mainly dusk and dawn, through the large and 

the small underpasses, and the overall trend of use increased over time throughout the second 

year of the study (Figure 9). 
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Figure 9. Elk and mule deer detections at the large and small underpass structures. Detections 
included animals near the structure or those that successfully moved through it during the two-
year post-construction monitoring from January 2024 to January 2026. 

Mule deer and elk detections peaked during the summer months at both underpasses. Elk 

detection was highest in May and June during the second post-construction year, with as many as 

573 detection events at the large underpass in June and 80 detection events at the small 

underpass in May (Figure 9). Mule deer detections were greater at the large underpass compared 

to the small underpass, and mule deer activity was highest during spring and summer. Activity at 

the large underpass was broadly similar between years, but detections were higher in summer 

2025 than in the first post-construction year, 2024. Many detection events involved mule deer 

and elk foraging and milling around the underpasses, rather than actively moving through them. 
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During the second post-construction year, mule deer and elk activity increased at both structures 

and was documented throughout the year, with the greatest activity occurring in the spring and 

summer. Both species were observed with young. Numerous mule deer detections confirmed 

successful passage through paired cameras at both underpasses, although many mule deer also 

moved back and forth through the small underpass (Figure 10). 

Figure 10. Multiple mule deer successfully passing through the small underpass in summer 2025. 

Elk presence at the crossing structures was low during the initial monitoring period from 

January through April 2024. Early observations showed elk approaching and sniffing the 

structures, but they were generally deterred from entering the large underpass. Overall, elk 

detections were low during the first year of monitoring. In early April 2024, a bull elk 

approached the east side of the large underpass but retreated and was not detected by the paired 

camera on the opposite side during the same event. Cow elk with calves were observed 

successfully passing through the structure in December 2025 (Figure 11). Elk were also detected 

at the small underpass, and a few individuals successfully passed through the structure; however, 

more individuals and groups were detected in the adjacent habitat. Elk were not detected in the 
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habitat-facing cameras or while approaching the CBC structure. By the second year of 

monitoring, elk use had increased, with cow elk using the large underpass more frequently, and a 

small number of individuals also crossed through the small underpass. 

Figure 11. Two cow elk and calves were detected on the Reconyx motion-triggered camera 
moving from east to west, making a successful passage through the large structure in June 2025. 

Black bears were detected at two structures, the large underpass and the CBC. One adult 

black bear was detected on the west side of the large underpass structure during the summer and 

fall of 2024, followed by a cub in a subsequent detection event; neither bear was detected by the 

paired camera during the event. A black bear successfully passed through the large underpass in 

October 2025, as confirmed on the paired cameras. A juvenile black bear was also detected at the 

CBC, which successfully passed through the structure from the west side (Figure 12); no adult 

bears were detected during this same event. 
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Figure 12. A black bear cub was observed successfully passing through the crossing structure 
detected on a Moultrie motion-triggered camera at the concrete box culvert in the summer of 
2025. The bear cub approached the structure from the west side. 

Mountain lion were detected at two structures. One mountain lion was detected at the east 

end of the CBC in December 2025 or January 2026; the camera's date reset to 2016 in Figure 13, 

and no other cameras detected the animal during that event. Another mountain lion was detected 

at the large underpass in September 2025, entering from the west side; no detection was recorded 

on the paired east-side camera during the same event. Bobcats were frequently detected at the 

large underpass and were more common on the west side during the winter months (Figure 14). 

Bobcats were also detected at the CBC, but less often. Many cottontails were detected near the 

wingwall drainage pipes, which likely provided hunting and foraging opportunities for bobcats 

and coyotes. 
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Figure 13. Mountain lion detected on a Moultrie motion-triggered camera at the concrete box 
culvert on the south end of the wildlife mitigation area in winter 2025/2026 (note, the date on the 
camera reset to 2016). 

Figure 14. A bobcat was detected in the Reconyx motion-triggered camera at the large underpass 
in November 2025. The bobcat was moving toward the west from hunting. Note the cottontail in 
the bobcat's mouth. 
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One moose was detected successfully passing through the large underpass during the 

summer of 2025, as confirmed by the paired cameras (Figure 15). No additional moose 

detections were recorded during the two-year post-monitoring. 

Figure 15. Moose was detected successfully passing through the large underpass moving from 
east to west in June of 2025. 

During camera visits to exchange batteries and SD cards, animal tracks were documented 

at each crossing structure to determine species presence. Mule deer tracks were most frequently 

documented at each structure, followed by elk, lion, bear, raccoon, and other smaller fauna.  

Wildlife Vehicle Collision Data Analysis 

Pre-construction and post-construction CDOT carcass data and CSP-reported wildlife 

crash data were analyzed to compare before and after construction. To compare and assess overall 

trends before and after construction, data from both sets were analyzed over 2012-2025 for MP 9-

18. The milepost ranges were chosen to capture both ends of the current mitigated area and the 
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southern extent of phase II (from MP 9 to 12.78). CSP reported crash data was provided by CDOT 

Traffic and Safety up to June 2025; however, it is important to note that these data did not include 

any wildlife crashes in 2025. 

The pre-construction average of CDOT-recorded carcasses was 8.8 per year (2012-

2021), and the post-construction average was 4.5 per year (2024-2025) (Figure 16). The highest 

recorded number of carcasses was upwards of 13 in 2021. Construction began in spring 2022 and 

ended in winter of 2023, and during this construction timeframe, seven carcasses were recorded; 

all of which were outside the mitigated area on the north and south ends of the project limits. 

Overall, recorded carcasses decreased by an estimated 86 %. Maintenance-recorded carcass data 

from 2012-2025 were highest at MP 15, 16, and 17, with a total of 15 carcasses removed from the 

highway over the twelve years, followed by MP 11 and 14, with two carcasses removed over the 

same period. Of all the species recorded, mule deer were most involved in collisions within the 

MP range from 9-18 (Figure 17). 
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Figure 16. Total number of CDOT Maintenance carcass data counts for the years 2012- 2025 
from milepost range 9-18. The pre-construction average of recorded carcasses was 8.8 during a 
ten-year period, indicated by the orange bar. Post-construction recorded carcasses were less with 
a 4.5 average indicated by the green bar. In 2025, there were four recorded carcasses. 
Construction began in spring 2022 and ended in winter of 2023. 
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Coyote Deer Elk Lion 
Species by Milepost 

Figure 17. CDOT carcass data counts from 2012-2025 for species by milepost. The project 
milepost locations are from milepost 12.78 to 16. The large underpass is at milepost 15.48, the 
small underpass is at milepost 14.39, and the CBC is at 13.39. More deer collisions occur around 
mileposts 15, 16, and 17, and elk carcasses were found more often around milepost 14. 

According to CSP’s recorded crash data, 36 crashes were reported over the nine-year pre-

construction period; only one occurred after the crossings were constructed. The highest number 

of crashes was recorded in 2014, with a total of seven reported crashes (Figure 19). The pre-

construction average of recorded crashes was 3.6 per year (2012-2021); the post-construction 

average was 0.5 per year (2024). No reported crashes occurred during the construction season 

from 2022-2023 (Figure 18). Many CSP-recorded crashes occurred outside the mitigated area, but 

many also aligned well with the locations of the crossing structures (Figure 19). 



 
 

 

   
  

  
   

  

- -

------

I 

30 

0 

1 

2 

3 

4 

5 

6 

7 

8 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Pre-Construction Construction Post-Construction 

W
V

C
 C

ra
sh

es
 

Year 

WVC Crashes Pre-Construction Average Post-Construction Average 

Figure 18. Total number of CSP-reported crashes for years 2012- 2025 from milepost 9-18. The 
pre-construction average of reported crashes with wild animals was 3.6 per year (2012-2021), 
indicated by the orange bar. The post-construction average of reported crashes to law 
enforcement was 0.5 per year (2024-2025), as indicated by the green bar. No reported crashes 
were reported in 2025 post-construction. Construction began in spring 2022 and ended in winter 
of 2023.  
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Figure 19. Colorado State Patrol reported crashes for the years 2012- 2025 from milepost 9-18. 
The orange bars show the reported crashes before construction and the purple bars show the 
post-construction reported crashes within the mitigation project limits (dark gray shaded area) 
and outside the project limits. The locations of the crossing structures are depicted in brown. 
Phase II of the project begins just south of the gray shaded area to milepost 9. 
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Analysis of Fence Ends Outside the Mitigation Area 

Cameras deployed at the fence ends at the southern terminus detected an abundance of elk 

and coyote breaching the mitigated area on the eastern side of SH 13 (Figures 20 and 21). 

Camera detection on the east side of the fence captured one herd of elk approaching the fence 

end on January 6, 2026 during the 38-day monitoring timeframe (Figure 20). Approximately 20 

elk followed the fence on the east side to the end post and proceeded to approach the roadway 

during this one event. There were no animal movements detected on the opposite side of the 

highway to the west; however, many large semi-trucks and other larger vehicles triggered the 

camera beyond the 100-foot detection distance. Mule deer were not detected or attempting to 

cross near the southern fence end. 

Figure 20. A coyote breaching the fence end at the southern terminus of the mitigated project 
area. 
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Figure 21. A herd of elk breaching the fence end at the southern terminus of the mitigated area 
around MP 12.78. 

DISCUSSION 

My objectives for this monitoring study were to evaluate overall species presence and the 

effectiveness of the constructed wildlife crossing structures by assessing successful wildlife 

passage. Overall, the data from the first two years post-construction indicated a reduction in 

reported crashes and a diversity of species approaching and using the crossing structures. 

Species Presence and Use of Wildlife Crossing Structures 

During the first two years of post-construction monitoring, seven game species were 

detected by the motion-triggered cameras. Species richness was higher at the large underpass, 

indicating a broader taxonomic use of that structure, which was promising, given the short time 

frame. Mule deer were the most frequently documented species approaching or using the 

structures, likely due to their abundance on the landscape and their less hesitancy to use crossing 

structures (Cramer et al. 2015; Basting et al. 2022). Two objectives, species presence and the 
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effectiveness of wildlife passage through the crossing structures, and the reduction of wildlife-

vehicle collisions, were met during the first year. During the second year, all the objectives were 

met or exceeded, including the effectiveness of the large underpass (and small underpass) in 

passing elk, and documented movement of wildlife at the southern fence ends. The large and 

small underpasses were used by mule deer, elk, and several other species, indicating that both 

structures function as movement pathways safely under the highway. It is interesting to note that 

these occurrences were predominantly during the summer months; however, the highway bisects 

the winter range, and much of the deer and elk activity across the highway occurs between 

November and May, which coincides with migration season. The data suggests otherwise: most 

detections occur during the summer months. An important factor may be that during the winters 

of 2024 and 2025, ice was present in both the large and small underpasses, which likely 

precluded use by ungulates. 

During the first six months of the monitoring period, many species, primarily mule deer, 

were observed approaching the underpasses, hesitating, then approaching, investigating, and 

retreating. It is possible that these events were carried out by the same individuals, as they were 

becoming familiar with the newly constructed crossings. Over time, these individuals made daily 

movements, especially in the second year, once they became more comfortable with the 

structures. Many early events involved animals being spooked or deterred from using the 

underpasses, especially the large underpass, when detection photos showed semi-trucks passing 

on the highway above. It is possible that the increased lighting and noise from these semi-trucks 

caused this behavior. It has been widely studied that noise in proximity to crossings can deter 

species use of structures (Clevenger and Waltho 2005; Schmidt et al. 2021). This was more 
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apparent with elk than in mule deer, but both species were documented to retreat during early 

monitoring. 

During the second year of monitoring, mule deer and sometimes elk were observed 

foraging around the crossing structures and making back-and-forth movements or returning to 

the habitat side from which they approached. Both mule deer and elk, with their young, 

successfully moved through the underpasses. These detection observations are a positive 

indication that the next generation will know where the crossings are located on the landscape, in 

hopes that they will use the underpass in the future (Jesmer et al. 2018; Kintsch et al. 2025). 

One of the main objectives was to determine if the large underpass would be used by elk. 

Elk were detected and observed using both the large and small underpasses, meeting the 

objectives of the initial monitoring period. The higher use of the large structure is consistent with 

the expectation that larger ungulates prefer more open, less confining movement opportunities 

with greater visibility. Elk are often reluctant to use narrow or smaller crossings and require 

larger open passages or overpasses. Some studies have indicated that individual elk have used 

smaller arch underpasses, but most herds are more reluctant to use them (Kintsch et al. 2021; 

Basting et al. 2022). Structural attributes, such as length and width, affect ungulate passage rates; 

therefore, shorter crossing structures with a higher openness ratio (larger width and relative 

height) are strongly correlated with successful passage for both mule deer and elk (Basting et al 

2022). The findings support the use of larger, more open underpasses to maximize permeability 

for ungulates and maintain movement for multiple species. Numerous detection events indicated 

that elk would approach but be reluctant to pass through the large underpass and did not result in 
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successful passage. I anticipate that, over time, they will become habituated to it, and the 

frequency of successful passage will increase. This was demonstrated on a few occasions during 

the second year of monitoring, when the cameras detected the successful passage of three to five 

cow elk with calves moving through the large underpass. 

At the small underpass, elk abundance was higher in the habitat on the west side. Some 

animals even approached the small underpass, but only a few were documented walking through 

it. Anecdotally, this may be why more elk were observed at the south fence ends, because they 

may have followed the fence south in search of a crossing opportunity and were more likely to 

breach the fence ends (Huijser et al. 2016; Kintsch et al. 2025). However, there did not seem to 

be an increase in reported crashes or carcasses attributable to this assumption. These collisions 

may become more apparent in subsequent monitoring years if phase II is not constructed. 

A variety of species were detected passing through the large underpass and the CBC. 

Species detected at the small underpass were primarily mule deer, coyote, and a few elk. The 

diversity of species could be attributed to the placement in the landscape, surrounding 

topography, proximity to resources, visibility of the structures, movement patterns, or the 

adjacent habitat, which play a vital role in the selection and success of use on the landscape 

(Simpson et al. 2016). The small underpass lacks cover, and the topography is flat, unlike the 

large underpass or the CBC, which are within a drainage. Research has indicated that mid- to 

large-sized mammals focus crossing activity at specific locations that are correlated with features 

of the surrounding habitat and the road itself, such as drainages (Barnum 2003). As such, 
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wildlife mitigation should be incorporated in areas where wildlife are accustomed to crossing 

and naturally approach and cross the highway. 

One unfortunate observation was in July 2025, when a mule deer was observed outside 

the mitigated area, above the large underpass. After reviewing the detection events, it is likely 

that this one mule deer escaped through a portion of the damaged fence. The fence and wildlife 

structures must be maintained to reduce the likelihood of animals escaping and increase the risk 

of wildlife-vehicle collisions.  

Longer, narrower, low-profile structures tend to accommodate black bear and mountain 

lion, likely because these species prefer cover and avoid exposed habitats (Clevenger and Waltho 

2005; Bastings et al. 2022). This pattern was reflected in the current study: mountain lions were 

detected only at the CBC and once at the large underpass. Both structures offer more adjacent 

cover than the small underpass, and the CBC is the longest and narrowest of the crossings. 

Given that my study only evaluated two years post-construction, some species may not 

yet be habituated to the crossing structures and, over time, may become more comfortable 

approaching and passing through them. Habituation periods can take several years as species 

learn to adjust their behaviors to crossing structures (Clevenger and Waltho; Clevenger et al. 

2002). Generally, short-duration monitoring periods are insufficient to draw reliable conclusions 

about success, given these longer periods of habituation (Clevenger and Waltho 2005). 
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Wildlife -Vehicle Collision Data Analysis 

CDOT recorded carcasses decreased by an estimated 86 % from pre-construction to the first 

two years of post-construction monitoring, and CSP reported wildlife crashes decreased by an 

estimated 97%. There seems to be a significant decrease in reported crashes, which may indicate 

successful mitigation efforts or that some species avoided the area entirely during and after 

construction. However, it is worth noting that most of these reported crashes occurred outside the 

phase I mitigated area, which may raise concerns about animals changing their movement 

patterns. 

It has been well documented that both carcass- and CSP-reported crashes are underreported, 

indicating that there are likely more collisions than have been analyzed with this study. 

Departments of Transportation need to collect and record as much data as possible to inform the 

success of mitigation projects and the design and development of new projects. Moreover, it is 

important to engage CDOT maintenance crews to repair damaged fences and other regularly 

required repairs to ensure the integrity of the wildlife mitigation. 

Analysis of Fence Ends Outside the Mitigation Area 

Evaluating data from the southern fence end indicated that large groups of elk may be 

following the exclusion fencing to its terminus, rather than using the underpass structures. Large 

groups of elk were often observed on the habitat side of the small underpass, but less frequently 

near the large underpass, which is a few miles farther north. This may reflect a preference for the 

closer crossing rather than difficulty with the large underpass itself. Therefore, continuing the 
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fence to a logical terminus, where it ends at a structure, rock wall, or other natural barrier, would 

help guide elk to the intended crossings rather than allowing them to cross the road, which is best 

management practice. These cameras were deployed for a short period, so it is possible that more 

animals breached the ends of the fence prior to monitoring. It will be important to continue 

monitoring the fence ends and collecting carcass and crash data until future phases can be 

constructed. 

CONCLUSIONS 

Previous research indicates that wildlife habituate to crossing structures over time, 

becoming familiar with them once a perceived risk is gone, is perhaps why long-term monitoring 

is most informative (Clevenger and Waltho 2003; Gagnon et al. 2011). Evaluation and 

monitoring will continue over the next few years to gather as much data as possible on species 

presence, abundance, use of the crossing structures, and at the fence ends until the second phase 

can be constructed. Research has indicated that crossing structures built in phases without 

adjacent protected habitat risks land becoming developed and further fragmented, especially if 

there is a multi-year gap between phases (Clevenger and Waltho 2005). 

Additional research may be required to evaluate the challenges of a multi-phased wildlife 

mitigation project and whether implementing only one phase is valuable for animal connectivity 

and collision reduction, or whether it exacerbates the problem in areas outside the fenced 

mitigation area. These data can help inform the implementation of multi-phased projects in 

similar landscapes when funding shortfalls delay or preclude the implementation of future 

phases. 
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Study Limitations 

Several limitations were recognized in the camera data: first, detection probability may 

have varied among cameras due to differences in placement, field of view, and wildlife approach 

behavior. By using multiple cameras to count animals, individuals may have been “detected” 

twice. In most cases, cameras were not observing different animals, but the same group or 

individuals multiple times. In contrast, the abundance of ungulates and other species observed at 

the structures indicated positive use of the crossing structures and the potential to reduce wildlife 

collisions. 

Data processing, capacity, and the time required for photo processing and analysis were 

also limiting factors due to the large volume of data generated by the remote-triggered cameras 

collected over the two-year time frame. During the summer months, vegetation grew tall, leading 

to many false-positive detections, and it was often difficult to view photos and identify species 

amid the growing vegetation. However, this did increase foraging opportunities for both mule 

deer and elk, as many were observed eating the yellow sweet clover (Melilotus officinalis). 

Trimming vegetation during the monitoring period will be valuable. 

Given that this study evaluated only the first two years after the underpasses were built, 

there were many data constraints, including a small sample size and a short data-collection 

period. To conduct a robust analysis of success rates and other research questions, additional data 

collection and analysis are recommended to fully understand species behavior and use over time. 
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Many limitations are present within the available CSP-recorded crash and CDOT carcass 

data because many crashes are unreported, and many carcasses are not recorded or removed if 

they do not pose a hazard to the traveling public. Therefore, it presents inaccurate data analysis 

and assumptions. More consistent data collection across the state will be beneficial for 

adequately assessing wildlife-vehicle collisions across the landscape. 

I hope this preliminary monitoring provides insight to inform method refinement for 

future phases of wildlife mitigation along this corridor or similar rural highway projects in 

comparable landscapes. Method refinement through iterative processes and testing improves 

monitoring approaches, enabling evaluations of passage success and wildlife behavior in and 

around mitigation structures, thereby informing future design and implementation. 
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