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1 Summary 
 

In this report we explore where and how to enhance road safety in Wisconsin through reducing 

collisions with large wild mammals on state-maintained routes, while also ensuring safe crossing 

opportunities for wildlife. We identified and prioritized road sections in Wisconsin along state-

maintained routes that have a relatively high concentration of collisions involving large wild mammals, 

mostly with white-tailed deer. We used the large wild mammal crash and carcass data to conduct cost-

benefit analyses to identify road sections where the implementation of mitigation measures may be less 

expensive than doing nothing and letting these types of collisions continue to occur. We also identified 

36 species of conservation concern in Wisconsin. The species of conservation concern, as defined for 

this report, included 4 amphibian species (3 frog species, 1 salamander species), 20 reptile species (3 

lizard species, 13 snake species, 4 turtle species), and 12 mammal species (1 insectivore species, 5 

rodent species, 1 mustelid species, 1 canid species, 2 felid species, 2 ungulate species). We identified 

road sections, or counties, where species of conservation concern have been observed. Road sections 

that would need to be prioritized for reducing collisions with common large mammals (i.e., mostly 

white-tailed deer) are mostly in the eastern and southeastern parts of Wisconsin. Areas where a 

relatively high number of species occur that are of conservation concern are predominantly in the 

southwestern parts of Wisconsin. This illustrates that there would be benefits to having a two-track 

system of policy, funding mechanisms and implementation programs; one that is rooted in human 

safety through reducing collisions with large wild mammals that are common, and another that is rooted 

in biological conservation. We also identified measures for both large wild mammals and small animal 

species that are aimed at reducing wildlife-vehicle collisions and associated direct road mortality of the 

animals, and at reducing the barrier effects of roads and traffic to wildlife.
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2 Introduction 
 

2.1 Wildlife-vehicle collisions and other impacts of roads and traffic on wildlife 
 
Wildlife-vehicle collisions are becoming increasingly common across much of North America, posing 
risks to both human safety and the individual animals involved (Huijser et al., 2008a; Abraham & 
Mumma, 2021). In the United States alone, several million collisions with large wild mammals occur 
annually (Huijser et al., 2009; Conover, 2019). These collisions nearly always result in vehicle damage 
and costly repairs, but they also cause tens of thousands of human injuries and hundreds of human 
fatalities each year (Huijser et al., 2008a; Huijser et al., 2009; Conover, 2019). In the United States, the 
financial costs related to vehicle repairs, human injuries, and human fatalities have been estimated to 
amount to multiple billions of US dollars annually (Conover et al., 1995; Huijser et al., 2009, 2022a).  
 
While there is much emphasis on mitigating vehicle collisions involving large mammals in North 

America, these types of collisions are not the only reasons to consider wildlife mitigation along highways 

(Van der Ree et al., 2015). We identify five categories of road and traffic impacts on wildlife (Figure 1): 

¶ Habitat loss: This includes the paved road surface, the heavily altered roadbed with non-native 
substrate, and the clear zone where native vegetation has been removed and where seeded 
species and regular mowing occur. 

¶ Direct wildlife mortality: Animals are killed through collisions with vehicles. 

¶ Barrier to wildlife movement: Roads function as barriers, reducing the likelihood that animals 
cross the road as frequently as they would in habitat without roads. Only a fraction of the animal 
crossing attempts are successful.  

¶ Decrease in habitat quality near roads: Areas adjacent to roads suffer from noise and light 
pollution, air and water contamination, and increased human access, all of which degrade habitat 
quality.  

¶ Right-of-way habitat and corridors: The right-of-way along roads can either promote the spread 
of non-native or invasive species in largely natural or semi-natural landscapes or serve as a 
refuge for native species in heavily human-impacted landscapes.  
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Figure 1: The effects of roads and traffic on wildlife. 

 
In some cases, it is not just the individual animals that suffer from road mortality; entire populations 
may be affected (van der Zee et al., 1992; Huijser & Bergers, 2000). For some species, road mortality, 
habitat fragmentation, and other road-related impacts can substantially reduce population survival 
probability (Proctor, 2003; Huijser et al., 2008a). Additionally, certain species have an economic value 
that is lost when individual animals are killed (Romin & Bissonette, 1996; Conover, 1997; Huijser et al., 
2022a). Finally, if road mortality has already depleted local populations in the past, or if animals rarely 
cross roads because of a substantial barrier effect, road mortality data alone may not be an accurate 
indicator of where mitigation efforts are most needed for wildlife conservation (Ewen et al., 2013). This 
issue is further compounded when road mortality data are biased towards large, common species, with 
little to no data on smaller or rarer species. 
 
 

2.2 Taking action; the mitigation hierarchy 
 

While reducing the severity of an impact is common, avoidance is preferable and should generally be 

considered first in the mitigation hierarchy (Cuperus et al., 1999; Arlidge et al., 2018). For instance, the 

negative effects of roads and traffic can be avoided entirely if a road is not constructed, or the most 

severe impacts may be avoided by re-routing roads away from sensitive areas (Figure 2). When 

avoidance is not possible, minimization of an impact becomes the next logical step. Minimization efforts 

typically take place in the road-effect zone (Figure 2) and may include measures aimed at reducing 

wildlife-vehicle collisions (e.g., installing wildlife fences) and alleviating the barrier effect by providing 

safe wildlife crossing opportunities (Clevenger & Huijser, 2011; Huijser et al., 2016; Huijser et al., 2021).  

However, minimization may not always be possible, and even when it is, it may not be sufficient. In such 

cases, a third approach may be considered: remediation (within the immediate road-effect zone) and 
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offsetting (outside the immediate road-effect zone) (Figure 2). Remediation and offsetting efforts might 

involve expanding existing habitat patches, creating new ones, or improving connectivity between the 

habitat patches to support larger, more connected, and thus more viable populations. Finally, in some 

situations, a combination of avoidance, minimization, and remediation/offsetting strategies may be 

implemented (Figure 2). 

 

 

 

Figure 2: The mitigation hierarchy consists of a three-step approach: A. Avoidance, B. Minimization, C. Remediation/Offsetting. 
It is also possible to have a combination of avoidance, minimization, and remediation/offsetting (D.). 
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2.3 Goals and objectives 
 

The goal of this project is to enhance road safety in Wisconsin through reducing collisions with large wild 

mammals on state-maintained routes, while also ensuring safe crossing opportunities for wildlife.  

The primary objective of this project is to identify and prioritize road sections in Wisconsin along state-

maintained routes that have a relatively high concentration of collisions involving large wild mammals. 

These road sections along state-maintained routes may then later be evaluated for potential future 

mitigation measures aimed at: 

¶ Reducing collisions with large wild mammals and providing safe passage across roads for large 

wild terrestrial mammals. 

¶ Reducing direct road mortality for species that are considered a conservation concern and 

providing safe passage across roads for these species, including terrestrial mammals (regardless 

of their body size and weight), reptiles, and amphibians. 

bƻǘŜ ǘƘŀǘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΣ ǘƘŜ ǘŜǊƳ άŎollisionsέ ǊŜƭŀǘŜǎ ǘƻ ōƻǘƘ crashes and carcasses (Huijser et al., 2007). 
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3 Crash data exploration 
 

3.1 Introduction 
 

This chapter (Chapter 2) contains an exploration of the wildlife-vehicle crash data from the state of 

Wisconsin, regardless of the type of road the crash occurred on. However, the identification and 

prioritization of road sections that may require mitigation for wildlife is limited to state-maintained 

routes (see Chapter 3).  

 

3.2 Crash data sources 
 

We acquired crash data collected by law enforcement personnel. These data involve more severe 

collisions, as there are thresholds for the inclusion in a crash database. In Wisconsin, a collision is only 

recorded in the crash database if (WisDOT, 2021; 2024; Personal communication Steven Parker, 

University of Wisconsin): 

 

o The collision involved a registered motor vehicle with the Department of Motor Vehicles (DMV) in 

Wisconsin or if the vehicle is registered with a DMV outside of Wisconsin. 

And 

o The collision resulted in a human injury or a human death. 

Or 

o The collision resulted in damage to government-owned non-vehicle property to an apparent extent 

of $200 or more. 

Or 

o The collision resulted in damage to property owned by any one person to an apparent extent of 

$1,000 or more. 

And 

o A crash report was completed by a law enforcement officer. 

 
The crash data related to all types of crashes, not just those related to wildlife. These crash data were 
obtained from the Wisconsin Department of Transportation (WisDOT). The crash data mostly relate to 
interstates, US Highways and State Highways, including on Native American reservations. The crash data 
are less consistently collected for county or tribal roads.  
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3.3 Crash data period 
 

Crash data were available from 1 January 1994 through 31 December 2023, totaling 30 full calendar 

years. However, the crash data were retrieved from two different databases: 

¶ MV4000 (1994 through 2016 (23 full calendar years)) (WisDOT, 2021). 

¶ DT4000 (2017 through 2024 (7 full calendar years)) (WisDOT, 2024). 

¢ƘŜ 5¢пллл ŘŀǘŀōŀǎŜ άƛƴǘǊƻŘǳŎŜŘ important changes to the overall set of crash data elements and 

attributes, including adherence to the US DOT Model Minimum Uniform Crash Criteria (MMUCC) 

standard for crash data systemsέ ό²ƛǎ5h¢Σ нлнпύΦ 

 

3.4 Crashes by year 
 
The average total number of crashes in Wisconsin per year was 137,502 (Standard Deviation 
(SD)=12,044) (Figure 3ύΦ ¢ƘŜ ŀǾŜǊŀƎŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ŎǊŀǎƘŜǎ ǇŜǊ ȅŜŀǊ ǘƘŀǘ ƘŀŘ ŀ άŘŜŜǊ ŦƭŀƎέ όŀ Ŧlag 
indicating whether a crash involved a deer) was 19,044 (SD=2,176), representing on average 13.84% 
(SD=0.88) of the total number of crashes (Figure 3). From 2017 onwards, the crash records included 
άŀƴƛƳŀƭ ǘȅǇŜ !έ ŀƴŘ άŀƴƛƳŀƭ ǘȅǇŜ .έύΦ ¢ƘŜ ŀǾŜǊŀƎŜ ƴǳƳōŜǊ ƻŦ ŎǊŀǎƘŜǎ ǇŜǊ ȅŜŀǊ ǘƘŀǘ ƘŀŘ άŘŜŜǊέ ƻǊ άōŜŀǊέ 
in one of these two parameters was 18,542 (SD=1,819), on average 4.74% (SD=0.41) higher than the 
number of crashes marked with a άdeer flagέ in the same years (Figure 3). The average number of 
ŎǊŀǎƘŜǎ ǇŜǊ ȅŜŀǊ ǘƘŀǘ ƘŀŘ ƻƴƭȅ άŘŜŜǊέ ƛƴ ƻƴŜ ƻŦ ǘƘŜǎŜ ǘǿƻ ǇŀǊŀƳŜǘŜǊǎ ǿŀǎ муΣофт ό{5ҐмΣумнύΣ ƻƴ 
average 3.99% (SD=0.35) higher than the number of crashes marked with a άdeer flagέ. 
 
 

 
Figure 3: The number of crashes (totalΣ άŘŜŜǊ ŦƭŀƎέ, and animal type άŘŜŜǊέ ƻǊ άōŜŀǊέ) per year in Wisconsin (1994-2023). 
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3.5 Species involved with crashes 
 

ά!ƴƛƳŀƭ ǘȅǇŜ !έ ŀƴŘ άŀƴƛƳŀƭ ǘȅǇŜ .έ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ōŜǘǿŜŜƴ нлмт ŀƴŘ нлно όTable 1). This means that 

there could be two animals, even two different species involved with the same crash. On average, 

14.48% of the crashes ǊŜƭŀǘŜŘ ǘƻ ŀƴ ŀƴƛƳŀƭΣ ǿƘŜǊŜŀǎ урΦрн҈ ŘƛŘ ƴƻǘ ƘŀǾŜ άŀƴƛƳŀƭ ǘȅǇŜ !έ ƻǊ άŀƴƛƳŀƭ 

ǘȅǇŜ .έ ŦƛƭƭŜŘ ƻǳǘ όTable 1). On average, 18397.29 (SD=1811.92) crashes ǇŜǊ ȅŜŀǊ ǊŜƭŀǘŜŘ ǘƻ άŘŜŜǊέ όƛΦŜΦΣ 

white-tailed deer (Odocoileus virginianus)), which represented 96.09% of all crashes ǘƘŀǘ ƘŀŘ άŀƴƛƳŀƭ 

ǘȅǇŜ !έ ƻǊ άŀƴƛƳŀƭ ǘȅǇŜ .έ ŦƛƭƭŜŘ ƻǳǘΦ On average, 145.00 (SD=15.79) crashes ǇŜǊ ȅŜŀǊ ǊŜƭŀǘŜŘ ǘƻ άōŜŀǊέ 

(i.e., American black bear (Ursus americanus)), which represented 0.76% of all crashes ǘƘŀǘ ƘŀŘ άŀƴƛƳŀƭ 

ǘȅǇŜ !έ ƻǊ άŀƴƛƳŀƭ ǘȅǇŜ .έ ŦƛƭƭŜŘ ƻǳǘΦ Other species that were recorded included coyote (i.e., coyote 

(Canis latrans)), opossum (i.e., Virginia opossum (Didelphis virginiana)), raccoon (i.e., raccoon (Procyon 

lotor)), turkey (i.e., wild turkey (Meleagris gallopavoύύΣ ŀƴŘ άƻǘƘŜǊέΦ 

 

Table 1Υ {ǇŜŎƛŜǎ ƴŀƳŜǎ ǊŜŎƻǊŘŜŘ ŀǎ άŀƴƛƳŀƭ ǘȅǇŜ !έ ŀƴŘ άŀƴƛƳŀƭ ǘȅǇŜ .έ ƛƴ ǘƘŜ ŎǊŀǎƘ data (2017-2023). 

Animal  
type A 

Animal 
type B 

Average 
per year SD 

% of Total 
animals 

% of Total 
crashes 

None None  113,113.86 9,828.85 N/A 85.52 
Bear   144.29 15.43 0.75 0.11 
Bear Coyote 1.00 N/A 0.01 0.00 

Coyote   69.00 18.61 0.36 0.05 
Deer   18,393.71 1,812.49 96.07 13.91 
Deer Bear 1.33 0.58 0.01 0.00 
Deer Coyote 1.00 N/A 0.01 0.00 
Deer Opossum 1.00 0.00 0.01 0.00 
Deer Other 1.80 1.30 0.01 0.00 
Deer Raccoon 1.75 0.50 0.01 0.00 
Deer Turkey 1.00 0.00 0.01 0.00 

Opossum   8.71 2.29 0.05 0.01 
Opossum Coyote 1.00 N/A 0.01 0.00 

Other   220.71 53.78 1.15 0.17 
Raccoon   143.29 15.54 0.75 0.11 
Raccoon Opossum 1.25 0.50 0.01 0.00 
Raccoon Other 2.00 N/A 0.01 0.00 

Turkey   161.14 20.18 0.84 0.12 
Turkey Other 1.50 0.71 0.01 0.00 

      
Total "animal"  19,146.14 1,891.52 100.00 14.48 

Total "Deer"   18,397.29 1,811.92 96.09 13.91 
Total "Bear"   145.00 15.79 0.76 0.11 

Total "Deer" and "Bear"  18,541.71 1,818.50 96.84 14.02 
Total crashes  132,260.00 11,289.31 N/A 100.00 
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3.6 Crashes by month 
 

/ǊŀǎƘŜǎ ǿƛǘƘ ŀƴƛƳŀƭǎ όōŀǎŜŘ ƻƴ άŀƴƛƳŀƭ ǘȅǇŜ !έ ōŜƛƴƎ ŦƛƭƭŜŘ ƻǳǘύΣ ǿŜǊŜ ǊŜƭŀǘƛǾŜƭȅ ŦǊŜǉǳŜƴǘ ƛƴ aŀȅ ŀƴŘ 

June, and especially in the fall (October and November) (Figure 4). Non-animal crashes were more 

consistently distributed throughout the year (Figure 4). Deer crashes had two distinct peaks, one in May-

June, and another in October-November (Figure 5). The spring peak is likely associated with the 

dissolving of winter groups and migration from winter to summer habitat (Bíl et al., 2023). The latter 

peak is associated with the rut. Bear crashes were most frequent between April and November when 

they are most active (Figure 5).  

 

Figure 4: The percentage of crashes by month for non-animal and animal crashes (2017-2023). 

 

Figure 5: The percentage of crashes by month for deer and bear crashes (2017-2023). 
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3.7 Crashes by time of day 
 

Non-animal crashes were most frequent during the day (6 am - 6 pm) whereas animal crashes peaked 

around dawn (4 am - 7 am) and in the evening hours (5 pm - 10 pm) (Figure 6). Because deer crashes 

formed 96.09% of all animal crashes, deer crashes followed a nearly identical pattern as animal crashes 

(Figure 7). However, bear crashes were most frequent in the evening (7 pm - 11 pm). Interestingly, a 

peak in bear crashes around dawn was absent (Figure 7). 

 

Figure 6: The percentage of crashes by hour of day for non-animal and animal crashes (2017-2023). 

 

Figure 7: The percentage of crashes by hour of day for deer and bear crashes (2017-2023). 
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3.8 /ǊŀǎƘŜǎ ōȅ ŘǊƛǾŜǊΩǎ ŀƎŜ 
 

Non-animal crashes were most frequent for young drivers (peak at 17-18 years) (Figure 8). Beyond 18 

years, the number of non-animal crashes declined until drivers reached their early 40s. The number of 

non-animal crashes then stabilized until the drivers reached their early 60s. Higher ages had further 

reduced non-animal crashes, presumably because of reduced driving activity. In contrast, for animal 

crashes, drivers do not appear to benefit from maturing and gaining driving experience. The number of 

crashes is relatively consistent for young and middle-aged drivers and only declined when drivers 

reached their early 60s (Figure 8). Higher ages may not only benefit from general reduced driving 

activity, but they may disproportionally benefit by reduced driving during the early morning and evening 

when animal crashes are most frequent. Deer and bear crashes followed a similar pattern (Figure 9).     

 

Figure 8Υ ¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŎǊŀǎƘŜǎ ōȅ ŘǊƛǾŜǊΩǎ ŀƎŜ ŦƻǊ ƴƻƴ-animal and animal crashes (2017-2023). 

 

Figure 9Υ ¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŎǊŀǎƘŜǎ ōȅ ŘǊƛǾŜǊΩǎ ŀƎŜ ŦƻǊ ŘŜŜǊ ŀƴŘ ōŜŀǊ ŎǊŀǎƘŜǎ (2017-2023). 
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3.9 Crashes by overall severity for humans 
 

On average, non-animal crashes were more severe for humans (23.15% human injuries, 0.46% human 

fatalities) than animal crashes (4.20% human injuries, 0.06% human fatalities) (Figure 10). On average, 

bear crashes (8.51% human injuries, 0.10% human fatalities) were more severe for humans than deer 

crashes (3.90% human injuries, 0.05% human fatalities) (Figure 11). 

 

Figure 10: The percentage of crashes by overall severity of the crash for non-animal and animal crashes (2017-2023). 

 

Figure 11: The percentage of crashes by overall severity of the crash for deer and bear crashes (2017-2023). 
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3.10 Crashes by the most severe injury to a human 
 

On average, non-animal crashes resulted in more severe injuries to a human than animal crashes (Figure 

12). Bear crashes resulted in more severe injuries to a human than deer crashes (Figure 13). 

 

Figure 12: The percentage of crashes by the most severe injury to a human for non-animal and animal crashes (2017-2023). 
K=fatal injury, A=suspected serious injury, B=suspected minor injury, C=possible injury, O=no apparent injury. 

 

Figure 13: The percentage of crashes by the most severe injury to a human for deer and bear crashes (2017-2023). K=fatal injury, 
A=suspected serious injury, B=suspected minor injury, C=possible injury, O=no apparent injury. 
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3.11 Crashes by posted speed limit 
 

Animal crashes were most frequent on roads with a posted speed limit of 55 MPH whereas non-animal 

crashes were frequent across a wider range of posted speed limits (25-55 MPH) (Figure 14). Interestingly 

deer crashes were slightly more frequent on 45-55 MPH roads than bear crashes and bear crashes were 

slightly more frequent on 25-30 MPH and 65-70 MPH roads (Figure 15).  

 

Figure 14: The percentage of crashes by posted speed limit for non-animal and animal crashes (2017-2023). 

 

Figure 15: The percentage of crashes by posted speed limit for deer and bear crashes (2017-2023). 
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3.12 Crashes by highway type 
 

Compared to non-animal crashes, animal crashes were more frequent on county highways, and less 

frequent on interstates (Figure 16). Interestingly bear crashes were less common on county roads than 

deer crashes, but more common on US Highways (Figure 17). 

 

Figure 16: The percentage of crashes by highway type for non-animal and animal crashes (2017-2023). 

 

Figure 17: The percentage of crashes by highway type for deer and bear crashes (2017-2023).
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4 Identification and prioritization of road sections 
 

4.1 Introduction 
 

This chapter focuses on identifying and prioritizing road sections along state-maintained highways in 

Wisconsin that have a relatively high concentration of wildlife-vehicle crashes. We could not identify 

road sections with a relatively high concentration of wild large mammal carcasses as the carcass data 

were summarized by county and the records could not be linked to individual state-maintained 

highways and highway segments. However, we did conduct analyses for carcass data on a county level 

(see Chapter 4). All spatial data were projected using the NAD 1927 Wisconsin TM coordinate system, 

with meters as the unit of measurement. All spatial analyses were conducted using ArcGIS Pro 3.3.2.  

 

4.2 Methods 
 

¶ Roads included: All state-ƳŀƛƴǘŀƛƴŜŘ όƻǊ άƻƴ-ǎȅǎǘŜƳέύ ǊƻŀŘǎ ƛƴ Wisconsin including Interstates, 

US Highways, and numbered Wisconsin Highways. Thus, roads maintained by counties and cities 

were excluded from the data analyses in this chapter. 

¶ Species: Only records that related to wild animal species were included. Records that did not 

relate to a collision with an animal were removed. Records that related to domesticated animal 

species were also removed. 

¶ Species size: For the crash databaseΣ ǿŜ ƻƴƭȅ ŜǾŀƭǳŀǘŜŘ άŀƴƛƳŀƭ ǘȅǇŜ !έ ŀƴŘ ƻƴƭȅ ǊŜŎƻǊŘǎ ǘƘŀǘ 

ǊŜƭŀǘŜŘ ǘƻ άŘŜŜǊέ ƻǊ άōŜŀǊέ were included.  

¶ Maximum distance from road: Collision records within 25 meters (m) of state-maintained roads 

were included, while those beyond 25 m were excluded from the analysis. In cases where 

locations could be projected onto more than one road, we verified the projections and removed 

duplicates.  

The road network was preprocessed by merging road segments based on ²ƛǎ5h¢Ωǎ ǳƴƛǉǳŜ άHWY_DIRέ 

to create continuous, singular road sections. For analysis purposes, divided highways and parallel road 

segments were consolidated by removing duplicate routes, ensuring that each road was represented as 

a singular linear feature. These processed road sections were then systematically divided into road 

segments of 0.1 mile (160.9 meters) in length. Wildlife-vehicle crash data within 25 m from a state-

maintained road in Wisconsin were spatially joined to the nearest road analysis unit. We conducted two 

different types of spatial analyses to identify and prioritize road sections with the highest number of 

wildlife-vehicle crashes which are discussed in the following sections.  
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4.2.1 Kernel Density Estimation 
 

The Kernel Density Estimation (KDE) analysis was used to assess point features of the crash locations. A 

bandwidth of 0.5 miles (804.67 m) was applied, meaning that crashes within 0.5 miles of each tenth-of-

a-mile reference point influenced the hotspot analysis. This is consistent with the spatial scale at which 

mitigation measures (e.g., wildlife fences and crossing structures) need to be implemented, typically 

over several miles of road (Huijser et al., 2016). The search radius is also aligned with similar studies 

(Gomes et al., 2009). 

The analysis produces a density surface where each cell's size is 161 m by 161 m and its value represents 

the estimated density of collisions per square mile. The resulting heat map was divided into five 

percentage-based categories (<5%, 5ς<25%, 25ς<50%, 50ς<75%, and 75ς100%), identifying road 

sections with the highest densities (i.e., <5%) of crashes and carcasses. This is a descriptive method that 

always indicates where the highest concentrations of incidents occur. The KDE analyses were conducted 

using the Spatial Analyst extension in ArcGIS Pro 3.3.2. 

 

4.2.2 Getis-Ord Gi*  
 

The Getis-Ord Gi* (GOG) analysis used the Getis-Ord Gi* statistic to identify statistically significant 

spatial clusters (hotspots and cold spots) of crashes. Unlike the KDE, which is purely descriptive, this 

analysis identifies road segments where the concentration of crashes significantly deviates from a 

random distribution. A fixed distance band of 0.5 miles was applied, consistent with the KDE analysis. No 

standardization of spatial weights was applied; all wildlife species όƛΦŜΦΣ άŘŜŜǊέ ŀƴŘ άōŜŀǊέύ were 

considered equal in contributing to the collision events. This analysis was conducted using the Hotspot 

Analysis (Getis-Ord Gi*) tool within the Spatial Statistics toolbox in ArcGIS Pro 3.3.2.  

 

4.3 Results 
 

4.3.1 Kernell Density Estimation (KDE) analyses  
 

The KDE hotspot maps for crashes are depicted in Figure 18 and Figure 19. The eastern ridges and 

lowlands are dominated by agriculture, especially along the outskirts of human population centers (e.g., 

Sheboygan-Milwaukee-Kenosha, Madison area, Green Bay - Appleton) and they have the highest 

concentration of large wild mammal crashes. Other high-density areas are in the agricultural areas 

around La Crosse, Eau Claire, and River Falls in the western uplands, and where the agricultural areas 

transition into more forested areas around Wausau-Merril, Wittenberg-Antigo, Woodruff-Minocqua, 

and Ashland in the northern highlands. 
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Figure 18: Kernel density hotspot map using percentiles for wildlife-vehicle crashes in Wisconsin (2017ς2023). 
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Figure 19: Top 5% and 25% Kernel density hotspot map using percentiles for wildlife-vehicle crashes in Wisconsin (2017ς2023). 
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4.3.2 Getis-Ord Gi* analyses  
 

The Getis-Ord Gi* hotspot maps for crashes are depicted in Figure 20. 
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Figure 20: Significant hotspots (red) and cold spots (blue, but none were present) based on Getis-Ord Gi* analysis for wildlife-
vehicle crashes in Wisconsin (2017ς2023). 



Wildlife hotspot analyses Wisconsin  Identification and prioritization of road sections 

 

Western Transportation Institute  22 

 

4.4 Discussion 
 

There is great similarity between the general areas with large wild mammal hotspots (i.e., white-tailed 

deer and black bear) identified through the Kernel Density Estimate analysis and the Getis-Ord Gi* 

analyses. High-density areas of crashes generally had concentrations of crashes that were significantly 

higher than expected should the crashes have been randomly distributed. In other words, these road 

sections do not only have the highest concentration of crashes, but the identification of these road 

sections is not based on coincidence. These road sections have a concentration of crashes that is beyond 

random. 

From a human safety perspective, it would make sense to explore potential mitigation options first 

along the identified road sections. Note that from the perspective of biological conservation, the 

reduction of direct road mortality for rare or threatened species would be of higher priority than white-

tailed deer or black bear (Huijser et al., 2022b). This means that other road sections than the ones 

identified in this report may also require mitigation measures, but from a different perspective. In 

addition, from the perspective of biological conservation, reducing the barrier effect of roads and traffic 

may be required in yet other road sections (Huijser et al., 2022b). 
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5 Deer carcass removal data and deer crash data by county 
 

5.1 Introduction 
 

We acquired deer carcass removal data from 2018 through 2023 from the Wisconsin Department of 

Transportation. Carcass removal data are collected independently from crash data. In general, after a 

deer, black bear or turkey, has been hit, the driver can claim the carcass by notifying the Wisconsin 

Department of Natural Resources and completing a registration process (Wisconsin DNR, 2024a). If the 

driver or another passerby does not claim the carcass, and if the carcass is on the active traveled portion 

of the road where it is an urgent safety hazard to others traveling the road, drivers are asked to report 

the carcass by calling 911. Law enforcement personnel can then remove the carcass from the travel 

lanes. If the carcass is on the shoulder or another location where it is not an immediate safety concern 

to other road users, drivers who have hit a large animal are also asked to report the incident to have the 

carcass removed, but the removal will not be immediate. The entity to whom such carcasses should be 

reported depends on the road type (Wisconsin DNR, 2024b, WisDOT, 2025):  

¶ Interstates, US highways, and state highways: To the local county sheriff department, using their 

non-emergency phone number. 

¶ County roads: To the county. 

¶ Local roads: To the municipality. 

Law enforcement, county personnel, municipality personnel, or a contractor may all remove the carcass. 

If the carcass is in a rural area at least ¼ mile away from a residence or business, a carcass may be 

disposed of on-site within the right-of-way, if the carcass is not in direct view of the road, the disposal 

does not relate to multiple carcasses in the same location, and it is not in a ditch or mowed area 

(Wisconsin DNR, 2024c; WisDOT, 2025). If the carcass cannot be disposed of on-site in the right-of-way, 

the carcass may be transported to a landfill, incinerator, or chemical digester, or a rendering plant in 

counties not affected by Chronic Wasting Disease (Wisconsin DNR, 2024c; WisDOT, 2025). Carcass 

removal can be a substantial cost in terms of labor, labor related injuries, and in some cases also carcass 

disposal fees. 

 

5.2 Search and reporting characteristics 
 

Not all road sections of state-maintained routes are consistently inspected for large wild mammal 

carcasses. In Wisconsin, the reporting effort depends on the reporting by the driver involved in a crash, 

a passerby, or a contractor to the WisDOT. Once a carcass has been reported it should be removed, 

though this may not always be the case. Only the carcasses that are removed end up in the carcass 

database. In addition, the deer carcass data (i.e., white-tailed deer (Odocoileus virginianus)) are only 

available as the total number of removed deer carcasses per county per month per year. There is no link 

between individual carcass records, a specific highway, or a specific location on that highway. The deer 

carcass removal data only relates to state-maintained roads; carcasses from other roads are not 
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included (Personal communication Jen Gibson, Wisconsin Department of Transportation). This means 

that it is not possible to use deer carcass removal data for spatial analyses, at least not on the level of a 

highway or a segment of a highway.  

 

5.3 Deer carcasses by year 
 

The average number of removed deer carcasses per year was 13,263.83 (SD=1,420.48) (Figure 21). 

 

Figure 21: The number of removed carcasses per year in Wisconsin (2018ς2023). 
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5.4 Deer carcasses by month 
 

The number of reported deer carcasses per month had two peaks: one from March through June, and a 

second peak in October-November (Figure 22). Interestingly, the spring peak for carcasses (March-June) 

is longer than the one based on crash data (May-June) (see Crashes by month).  

 

Figure 22: The number of removed deer carcasses per month in Wisconsin (2018ς2023). 

 

5.5 Deer carcasses by county 
 

The deer carcass removal data only relate to state-maintained roads in Wisconsin. We summarized the 

number of removed deer carcasses for each county (Figure 23). Note that there were no deer carcass 

data reported from Menominee county. The reason is that this county entirely overlaps with the 

Menominee Indian Reservation and that the deer carcasses on the Menominee Indian Reservation are 

not reported to WisDOT. While there are other Native American Reservations in Wisconsin besides the 

Menominee Indian Reservation, other reservations do not overlap with an entire county. This means 

that other counties that have a Native American Reservation within their boundaries may have 

suppressed deer removal carcass numbers, but the carcass numbers in those counties are still higher 

than zero. In general, the total deer removal carcass numbers are highest in the counties in the east and 

southeast, and some counties in the north (Figure 23).  
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Figure 23: The number of deer carcasses removed in each county (2018-2023). 
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Since the length of these WisDOT maintained highways is known for each county, we calculated the 

density of deer carcasses removed per mile for each county for all years combined (2018-2023) (Figure 

24). We calculated the density of deer carcasses removed in each county by dividing the number of deer 

carcasses removed (all along state-maintained routes) in a county by the length of state-maintained 

routes in each county (Figure 24). This allowed for a direct comparison between counties (as opposed to 

raw numbers for each county which are not corrected for the road length in each county). Central 

eastern counties tended to have the highest density of deer carcasses removed supplemented by other 

counties spread out in the north, central west and south (Figure 24).  
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Figure 24: The density of deer carcasses removed (corrected for the highway length) in each county (2018ς2023). 
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5.6 Deer carcass removal data compared to deer crash data by county 
 

Deer crash and deer carcass removal data are independently collected. Therefore, we explored potential 

similarities and differences between these two data sources. Since deer carcass removal data were only 

available on a county level, we also summarized the deer crash data on a county level, and we restricted 

the crash data to the same years that deer carcass data were available for (2018-2023) and along the 

same roads (i.e., the state-maintained roads). Crash data along other roads were excluded (see Crash 

data sources for details of the crash data selection). In general, the total deer crash numbers were 

highest in the counties in the east and southeast of Wisconsin (Figure 25), a pattern similar to the deer 

carcass removal data (Figure 23). 
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Figure 25: Total number of deer crashes (2018-2023) in each county. 
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We calculated the density of deer crashes in each county by dividing the number of deer crashes (all 

along state-maintained routes) in a county by the length of the state-maintained routes in each county 

(Figure 26). This allowed for a direct comparison between counties (as opposed to raw numbers that are 

not corrected for the road length in each county). Central eastern counties tended to have the highest 

density of deer crashes supplemented by other counties spread out in the central west and south 

(Figure 26).  
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Figure 26: The density of deer crashes (corrected for the highway length) in each county in Wisconsin (2018ς2023). 
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We then compared the deer crash and deer carcass removal numbers by calculating the ratio of deer 

crash and deer carcass removal numbers (number of deer crashes / number of deer carcasses removed) 

in each county (Figure 27). Ratios greater than one indicate there are more reported crashes than 

carcasses, whereas ratios less than one indicate the opposite. The highest crash-to-carcass ratio was in 

Winnebago county (7.9) and the lowest was 0.13 in Pierce County (Figure 27). Counties with the highest 

crash-to-carcass ratios are spread out throughout the southern and south-eastern counties. Counties 

with the lowest crash-to-carcass ratios are generally in the north-northwest counties (Figure 27). The 

average crash-to-carcass ratio across Wisconsin is 1.49, illustrating that there are generally 49% more 

reported deer crashes than deer carcasses. This implies that many deer carcasses go unreported (and 

not removed) compared to deer crashes. In many other states or regions, it is the opposite; large wild 

mammal crash data typically represent only a small portion (14-50%) of the carcass data (Tardif and 

Associates Inc., 2003; Riley & Marcoux, 2006; Donaldson & Lafon, 2008), though there are exceptions 

(Huijser & Begley, 2019). It is important to note that carcass removal data are also incomplete; animals 

that are not clearly visible from the road may not be reported or removed, and injured animals that may 

make it to outside of the right-of-way are also unlikely to be reported and removed. Studies have 

demonstrated that carcass counts often underestimate the number of large mammals hit by vehicles; 

correction factors of 2.8 (Lee et al., 2021) and nearly 8.0 (Fairbank et al., 2024) have been reported in 

other areas. 
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Figure 27: Ratio of deer crash and deer carcass removal numbers in each county (2018-2023).  
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6 Cost-benefit analysis 
 

6.1 Introduction 
 

There are costs associated with the implementation of mitigation measures aimed at reducing collisions 

with large wild mammals. However, there are also costs associated with not implementing mitigation 

measures allowing collisions to continue to occur. If the benefits of mitigation measures are greater 

than their costs, implementation of mitigation measures is economically attractive. While the outcome 

of cost-benefit analyses can be a useful tool in the decision process, it should not be used as a litmus 

test for the implementation of mitigation measures; models are only partially capturing what should be 

considered in the decision process (Huijser et al., 2009). For example, the model we apply for this 

project, is based on Huijser et al. (2009; 2022a), and it is mostly based on parameters and values 

associated with vehicle repair costs, human safety, and the costs of material and labor for mitigation 

measures. Even though there is some representation of economic values based on conservation (Huijser 

et al., 2022a), the economic parameters and values associated with conservation are likely still 

underrepresented, and the costs associated with different parameters can change over time at different 

rates (Huijser et al., 2022a).  

While crash data were spatially explicit, the carcass data were not. This means we could only use the 

crash data for spatial analyses on a highway and a highway segment level.   

 

6.2 Parameters and species categories 
 

We based the cost-benefit analysis for crash data on Huijser et al. (2009, 2022). The costs associated 

with large wild mammal-vehicle collisions included the following types of parameters: vehicle repair 

costs, costs associated with human injuries and human fatalities, and passive use values. Passive use 

values, also known as non-use values, are the values individual people place on the existence of a given 

animal species or population as well as the bequest value of knowing that future generations will also 

benefit from preserving the species (Duffield & Neher 2019) (Table 2). 

While there are differences in costs associated with different large wild animal species, the crash data 

ǊŜƭŀǘŜŘ ƻƴƭȅ ǘƻ άŘŜŜǊέ ŀƴŘ άōŜŀǊέΦ For the cost-benefit analysis and based on similarity in body size and 

body weight between white-tailed deer and black bear, all reported wild mammal-vehicle crashes were 

categorized as άŘŜŜrέ.  
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Table 2: The species categories and costs of a collision used for the cost-benefit analysis and the species as noted in the carcass 
removal data. 

Species 
categories for 
the purpose of 
the cost-benefit 
analysis 

Species as noted in the carcass removal data Costs  
(in 2020 

US$) 
(Huijser et 
al., 2022a) 

ά5ŜŜǊέ 
 

άŘŜŜǊέ όƛΦŜΦΣ ǿhite-tailed deer), άōŜŀǊέ όƛΦŜΦΣ black bear)  $19,089  

 

 

6.3 Cost estimates for collisions for every tenth of a mile 
 

The following steps were conducted in NAD 1927 Wisconsin TM coordinate system, with meters as the 
unit of measurement. All spatial analyses were conducted using ArcGIS Pro 3.3.2. The steps allowed us 
to estimate the costs associated with large wild mammal-vehicle crashes per mile per year for each 0.1-
mile-long road segment. ¢ƘŜ ǿƛƭŘ ƭŀǊƎŜ ƳŀƳƳŀƭ ŎǊŀǎƘ Řŀǘŀ ǿŜǊŜ ƭƛƳƛǘŜŘ ǘƻ άŀƴƛƳŀƭ ǘȅǇŜ !έ ƘŀǾƛƴƎ ŀ 
ǾŀƭǳŜ ƻŦ άŘŜŜǊέ ƻǊ άōŜŀǊέΦ 

1. ¢ƘŜ ǎǘǳŘȅ ŀǊŜŀΩǎ ŜƴǘƛǊŜ ƴŜǘǿƻǊƪ of state-maintained routes was divided into 0.1-mile (161-

meter) segments, with each segment containing the recorded number of reported WVC crashes 

(deer and bear) over a seven-year period (2017-2023). 

2. Using the Generate Points Along Lines tool, a point was placed at the center of each 0.1-mile 

road segment to serve as a reference location for spatial aggregation. 

3. Using the Buffer tool, a 0.5-mile (805 m) buffer was created around each center point. This 

created overlapping buffer zones, each representing the local area (up to 0.5 miles away) 

surrounding each road segment. 

4. A Spatial Join was performed between the buffers and the road segments to sum the total 

number of large wild mammal crashes occurring within each buffer zone, standardizing the 

numbers per mile for each 0.1-mile-long segment.  

5. The total large wild mammal crashes count from each buffer was then joined back to its 

corresponding 0.1-mile road segment, ensuring each segment contained a crash total that 

reflected its surrounding area (up to 0.5 miles away). 

6. The total large wild mammal crash Ŏƻǳƴǘ ǿŀǎ ŘƛǾƛŘŜŘ ōȅ т ȅŜŀǊǎ όǘƘŜ ŘŀǘŀǎŜǘΩǎ ǘƛƳŜ ǎǇŀƴύ ǘƻ 

derive the average number of large wild mammal crashes per year per mile for each 0.1-mile-

long road segment.  

7. The average annual crash count was then multiplied by the estimated cost of each deer or bear 

collision; $19,089 per collision (Huijser et al., 2022a). The resulting values are presented in cost 

per mile per year.  
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8. The calculated cost per mile per year was compared to economic thresholds (or break-even 

values) for two mitigation measure packages from Huijser et al. (2022a): 

o $40,857/mi/year: Justifies the installation of wildlife fencing and underpasses (based on 

the cost-benefit model). 

o $51,547/mi/year: Justifies the installation of wildlife fencing, underpasses, and 

overpasses (based on the cost-benefit model). 

Road segments exceeding these economic thresholds were identified, mapped, and summarized to 

highlight areas where mitigation strategies are economically defensible, at least based on the cost-

benefit model that was applied with its parameters and values for those parameters.  

We only included two different combinations of mitigation measures and both include wildlife fences in 

combination with wildlife crossing structures. We restricted the mitigation measures to those that 

included both fences and wildlife crossing structures because: 

¶ Fences are the most effective and robust measure to reduce wildlife-vehicle collisions (almost 

always 80-100% reduction) (Huijser et al., 2016, 2021). 

¶ Fences alone would result in an absolute or near absolute barrier for the target species which is 

not ethical (Moore et al., 2021). 

¶ Wildlife crossing structures provide safe crossing opportunities for wildlife and can increase 

permeability compared to an unmitigated road with a smaller footprint, allow for seasonal 

migration of large ungulates to continue, and can help improve population viability for select 

species (review in Huijser et al., 2021). 

No other mitigation measures, other than fences in combination with wildlife crossing structures, can 

both substantially reduce wildlife-vehicle collisions and maintain or improve connectivity for wildlife 

(Huijser et al., 2021). There are many considerations for these cost estimates including a projected 25-

year lifespan for fences, and a 75-year lifespan for crossing structures (see Huijser et al., 2009; 2022).  

While the cost-benefit analysis estimated the economic thresholds for the two different mitigation 

packages per year per mile for each 0.1-mile-long road segment, However, the spatial scale of the 

mitigation measures affects their effectiveness: 

¶ Mitigated road sections that are at least 3 miles long almost always reduce collisions with large 

wild mammals within the mitigated road section by 80-100% (Huijser et al., 2016). Shorter 

mitigated road sections are on average less effective (about 50%) and highly variable in their 

effectiveness depending on local circumstances (Huijser et al., 2016). 

¶ For mitigated road sections to be effective on a larger spatial scale, we must avoid moving the 

collisions to adjacent road sections (Huijser & Begley, 2022). In this context, the mitigation 

measures may need to be implemented at road sections that are even longer than 3 miles in 

length. For example, it is considered good practice for the mitigation measures to cover the 

entire suitable habitat for the species, including an adjacent buffer zone based on the size of the 

home range of the target species (Huijser et al., 2022b). In practice this means that the length of 

the mitigated road sections should probably be many miles, potentially dozens of miles. 
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6.4 Results 
 

Based on wild mammal-vehicle crashes όƛΦŜΦΣ άŘŜŜǊέ ŀƴŘ άōŜŀǊέ ŎǊŀǎƘŜǎύ, the economic thresholds for 

two different combinations of mitigation measures were especially met or exceeded for highways in the 

east, south-east, south (Figure 28). A few additional highways where the economic thresholds were met 

or exceeded were in the central west, center, and north (Figure 28). 

We identified a total of 1,920 miles of roads that exceeded the economic thresholds, 16.5% of the 

length of all state-maintained roads. Waukesha County has the highest total miles of mitigation 

thresholds reached at 113 miles, 52.41% of state-maintained roads in the county. However, Washington 

county was close with 112 miles, 62.26% of state-maintained roads in the county. Barron, Burnett, 

Florence, Iron, Menominee, Pepin, Polk, Price, Rusk, and Sawyer counties did not identify any roads that 

exceed the mitigation cost thresholds.  
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Figure 28: The road sections where the economic thresholds were met for the two different combinations of mitigation 
measures based on wild mammal-vehicle crash data (2017-2023).



Wildlife hotspot analyses Wisconsin  Cost-benefit analysis 

 

Western Transportation Institute  40 

 

6.5 Discussion 
 
The cost-benefit analysis based on the large wild mammal crash data όƛΦŜΦΣ άŘŜŜǊέ ŀƴŘ άōŜŀǊέύ ƛŘŜƴǘƛŦƛŜŘ 

many road sections that meet or exceed the economic thresholds for the two mitigation packages. 

However, the crash data are still likely to underestimate the true number of large wild animals that are 

hit by vehicles. Therefore, the results of the cost-benefit analysis should be regarded as conservative; it 

is likely that many other roads sections also meet or exceed the economic thresholds for the two 

mitigation packages.  
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7 White-tailed deer and black bear crashes in relation to traffic volume 
 

7.1 Introduction 
 

This chapter explores the effect of traffic volume on the number of white-tailed deer and black bear 

crashes on state-maintained routes in Wisconsin.  

 

7.2 Methods 
 

We calculated the total number of 0.1-mile road segments on the state-maintained roads within each 

traffic volume category, starting with 1,000 AADT increments. We then calculated the total number of 

observed white-tailed deer and black bear crashes on the road sections that fell into the individual 

traffic volume categories. We calculated the expected number of white-tailed deer and black bear 

crashes for each traffic volume category should the number of crashes in each category be proportional 

to the relative abundance of the 0.1-mile road segments within that traffic volume category. Then we 

calculated the ratio of observed versus expected number of white-tailed deer and black bear crashes for 

each traffic volume category. While the traffic volume categories initially had increments of 1,000 AADT, 

we combined these categories into larger categories (5,000, 10,000 or even larger AADT intervals) if the 

expected number of white-tailed deer crashes was lower than 100 or if the expected number of black 

bear crashes was lower than 10. 

 

7.3 Results 
 

The majority (n=41,229, 56.33%) of all white-tailed deer crashes occurred on roads with a traffic volume 

of 1,001-9,000 AADT (Figure 29). However, roads with a traffic volume between 5,001 and 90,000 AADT 

all had more white-tailed deer crashes than would have been expected if the number of white-tailed 

deer crashes were independent of the traffic volume (Figure 30). In other words, there is a higher-than-

expected number of white-tailed deer crashes on roads with a traffic volume of 5,001-90,000 AADT, and 

road sections with lower and higher traffic volume have fewer white-tailed deer crashes than expected.  

The majority (n=419, 51.47%) of all black bear deer crashes occurred on roads with a traffic volume of 

1,001-9,000 AADT (Figure 31). However, roads with a traffic volume between 5,001 and 40,000 AADT all 

had more black bear crashes than would have been expected if the number of black bear crashes were 

independent of the traffic volume (Figure 32). In other words, there is a higher-than-expected number 

of black bear crashes on roads with a traffic volume of 5,001-40,000 AADT, and road sections with lower 

and higher traffic volume have fewer black bear crashes than expected.  
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Figure 29: The recorded number of white-tailed deer carcasses for each traffic volume category (2017-2023). 

 

 

Figure 30: The ratio of observed and expected white-tailed deer carcasses for each traffic volume category (2017-2023).
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Figure 31: The recorded number of black bear carcasses for each traffic volume category (2017-2023). 

 

 

Figure 32: The ratio of observed and expected black bear carcasses for each traffic volume category (2017-2023).
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7.4 Discussion 
 

Most of the white-tailed deer (56.33%) and black bear crashes (51.47%) occurred on roads with a traffic 

volume of 1,001-9,000 AADT. However, roads with a traffic volume between 5,001 and 90,000 AADT all 

had more white-tailed deer than would have been expected if the number of white-tailed deer crashes 

were independent of the traffic volume. For black bears, this range was between 5,001 and 40,000 

AADT. 

Note that the results do not indicate that the barrier effect of roads and traffic for white-tailed deer and 

black bears only start at traffic volumes above 90,000 and 40,000 respectively. It is quite possible that 

far fewer animals attempt to cross roads at much lower traffic volumes already, but that the probability 

that an animal crossing results in a crash may increase with higher traffic volume. The increased risk of 

an animal crossing resulting in a crash may compensate for a potential decrease in the number of 

animals willing to cross at higher traffic volume. This can keep the number of recorded crashes relatively 

high, at least up to 90,000 or 40,000 AADT for white-tailed deer and black bear respectively, regardless 

of the potential for roads and traffic having already become a substantial barrier to white-tailed deer or 

black bear. The barrier effect of roads and traffic cannot be appropriately assessed based on road 

mortality data alone. The barrier effect could be measured in another way though, e.g., through 

analyzing the movements of GPS-collared animals that approach roads or that move in the immediate 

vicinity of different roads with a wide range of traffic volumes. 
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8 Habitat and corridors for species of conservation concern  
 

8.1 Introduction 
 

In this chapter we identify ǘƘŜ ǎǇŜŎƛŜǎ ǘƘŀǘ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ άƻŦ ŎƻƴǎŜǊǾŀǘƛƻƴ ŎƻƴŎŜǊƴέ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜ 

of this project. For the species, or species groups, that spatially explicit data were available for, we 

incorporated the areas of their presence in ArcGIS. While this chapter contains several maps that show 

which road sections may need to consider mitigation for different species or different species groups, 

the ArcGIS layers provided to WisDOT should be consulted for individual projects as they not only show 

spatial information in greater resolution but also allow for a better evaluation of the potential presence 

of individual species. 

 

8.2 Methods 
 

First, we identified the species that were categorized as Species of Greatest Conservation Concern 

(SGCN) ƛƴ ²ƛǎŎƻƴǎƛƴ ƛƴ ŜƛǘƘŜǊ ²ƛǎŎƻƴǎƛƴΩǎ ²ƛƭŘƭƛŦŜ !Ŏǘƛƻƴ tƭŀƴ ŦƻǊ нллр-2015 (WIDNR, 2008) or for 2015-

2025 (WIDNR, 2015) (Table 3). We only selected SGCN species that were terrestrial mammals, reptiles, 

or amphibians. We supplemented these SGCN species with species for which little information was 

available in Wisconsin but that are considered rare. This included Canada lynx and cougar, and elk that 

were reintroduced in two areas over the last few decades (Table 3). For all these species we evaluated 

whether they were red listed by the International Union for Conservation of Nature (IUCN, 2025), 

federally listed in the United States (USFWS, 2025), or listed in Wisconsin (WIDNR, 2008) (Table 3). The 

36 species of conservation concern, as defined for this report, included 4 amphibian species (3 frog 

species, 1 salamander species), 20 reptile species (3 lizard species, 13 snake species, 4 turtle species), 

and 12 mammal species (1 insectivore species, 5 rodent species, 1 mustelid species, 1 canid species, 2 

felid species, 2 ungulate species). 

While many species of conservation concern were identified, explicit spatial data (i.e., finer scale than 

county level) on their presence was only available for a few species or species groups:  

1. Elk. Elk were reintroduced in two areas in Wisconsin: 1. Clam Lake Elk Range (1995) and 2. Black 

wƛǾŜǊ 9ƭƪ wŀƴƎŜ όнлмрύΦ ²Ŝ ǳǎŜŘ ǘƘŜ άNorthern Elk Zone 2024έ and άCentral Elk Zone 2021έ data 

layers provided by WisDNR. We identified state-maintained roads that were within the two elk 

management zones and roads and road sections (0.1-mile road segments) that were up to 6.21 

mi (10 km) from the boundaries of the elk management zone. 

2. Gray wolf. We used the άWI_WolfEstimate_23_Draft layerέ provided by WisDNR, which includes 

spatial explicit probability of gray wolf presence in polygons. We identified state-maintained 

roads that were within each gray wolf polygon and roads and road sections (0.1-mile road 

segments) that were up to 6.21 mi (10 km) from the boundaries of these polygons that indicated 

wolf presence. Where multiple wolf polygons intersected the same road segment, the average 

wolf occurrence probability was calculated and assigned to that road segment. 
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3. HŜǊǇǘƛƭŜǎΦ ²Ŝ ǳǎŜŘ ǘƘŜ άHerp_mammal_twp_data_2025έ and άWI_Herp_AVC_2025έ layers 

provided by WisDNR which includes data on the presence of amphibians and reptile species on a 

township-level, as well as records of road-killed individuals from these two species groups. For 

the purpose of this analysis, we grouped all amphibian and reptile species. None of the records 

related to the species identified in Table 3, or if they did, the species name was not present. We 

identified state-maintained roads and road sections (0.1-mile road segments) that were up 0.62 

mi (1 km) from a township or a location with an amphibian or reptile observation. 

4. Turtles. We used ǘƘŜ άTurtleXings_2024έ dataset provided by WisDNR. These data relate to live 

and dead observations of turtles on the road. For the purpose of this analysis, we grouped all 

turtle species. None of the records related to the species identified in Table 3, or if they did, the 

species name was not present. We identified state-maintained roads and road sections (0.1-mile 

road segments) that were up 0.62 mi (1 km) from a turtle crossing observation. 

These spatially explicit data were obtained through a data request from the Natural Heritage Inventory 

(NHI) program from the Wisconsin Department of Natural Resources. Additional data for the species 

identified in Table 3 were obtained from Wisconsin DNR (2025a). Wisconsin DNR (2025a) contains maps 

of recorded presence by species by county.  

These data described above are the most up-to-date and comprehensive datasets on the occurrence of 

rare species and amphibians and reptiles near and on highways available in Wisconsin. However, many 

areas of the state have not been inventoried. Similarly, the presence of one species at a location does 

not imply that comprehensive surveys have been completed at that site. Therefore, the data should be 

interpreted with caution, and absence of a species in an area does not equate to evidence of absence of 

that species in that area. 
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Table 3: Species of conservation concern selected for this project. 

Species  
group 1 

Species  
group 2 

Scientific Name Common Name 
IUCN 
listed? *1 

Federally  
listed? *2 

Wisconsin  
listed? *3 

SGCN in  
Wisconsin? *3,4 

 
Source 

Amphibians Frog Acris blanchardi Blanchard's cricket frog   Endangered WWAP 2 Wisconsin DNR, 2025a 

Amphibians Frog Lithobates palustris Pickerel frog    WWAP 2 Wisconsin DNR, 2025a 

Amphibians Frog Lithobates septentrionalis Mink frog    WWAP 2 Wisconsin DNR, 2025a 

Amphibians Salamander  Hemidactylium scutatum Four-toed salamander    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Lizard Aspidoscelis sexlineata Six-lined racerunner    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Lizard Plestiodon septentrionalis Prairie skink    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Lizard  Ophisaurus attenuatus Slender glass lizard   Endangered WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Carphophis vermis Western wormsnake    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Coluber constrictor North American racer    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Crotalus horridus Timber rattlesnake    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Diadophis punctatus arnyi Prairie ring-necked snake    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Pantherophis spiloides Gray ratsnake    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Pituophis catenifer Gophersnake    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Regina septemvittata Queensnake   Endangered WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Sistrurus catenatus Eastern massasauga  Threatened Endangered WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Thamnophis butleri Butler's gartersnake    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Thamnophis proximus Western ribbonsnake   Endangered WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Thamnophis radix Plains gartersnake    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Thamnophis sauritus Eastern ribbonsnake   Endangered WWAP 2 Wisconsin DNR, 2025a 

Reptiles Snake Tropidoclonion lineatum Lined snake    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Turtle Apalone mutica Smooth softshell turtle    WWAP 2 Wisconsin DNR, 2025a 

Reptiles Turtle Emydoidea blandingii Blanding's turtle Endangered   WWAP 2 Wisconsin DNR, 2025a 

Reptiles Turtle Glyptemys insculpta Wood turtle Endangered  Threatened WWAP 2 Wisconsin DNR, 2025a 

Reptiles Turtle  Terrapene ornata Ornate box turtle   Endangered WWAP 2 Wisconsin DNR, 2025a 

Mammals Canid Canis lupus Gray wolf*5   Endangered   WWAP 1 Data provided by Wisconsin DNR 

Mammals Felid Lynx canadensis Canada lynx*6   Threatened    Wydeven et al., 2004 

Mammals Felid Puma concolor Cougar*7         Wisconsin DNR, 2025b 

Mammals Insectivore Sorex palustris American water shrew    WWAP 2 Wisconsin DNR, 2025a 

Mammals Mustelid Martes americana American marten   Endangered WWAP 2 Wisconsin DNR, 2025a 

Mammals Rodent Microtus ochrogaster Prairie vole    WWAP 2 Wisconsin DNR, 2025a 

Mammals Rodent Microtus pinetorum Woodland vole    WWAP 2 Wisconsin DNR, 2025a 

Mammals Rodent Napaeozapus insignis Woodland jumping mouse    WWAP 2 Wisconsin DNR, 2025a 

Mammals Rodent Peromyscus maniculatus bairdii Prairie deer mouse    WWAP 2 Wisconsin DNR, 2025a 

Mammals Rodent Poliocitellus franklinii Franklin's ground squirrel    WWAP 2 Wisconsin DNR, 2025a 

Mammals Ungulate Alces alces Moose       WWAP 1 Wisconsin DNR, 2025c 

Mammals Ungulate Cervus canadensis Elk       *9  Data provided by Wisconsin DNR 

*1 IUCN (2025), *2 USFWS (2025), *3 WIDNR (2008), *4 WIDNR (2015), *5 Present in northern parts of WI, *6 No evidence of breeding, no habitat identified, but observed in northern WI,  *7 No evidence 

of breeding, no habitat identified, *8 A few dozen individuals in northern WI, *9 Reintroduced Clam Lake Elk Range (1995) and Black River Elk Range (2015).
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8.3 Results 
 

8.3.1 Herptile map (all species combined) and turtle map (all species combined) 
 

Herptiles (amphibians and reptiles), and turtles occur on or close to roads almost anywhere in 

Wisconsin, and highway mitigation may consider these species groups almost anywhere (Figure 33, 

Figure 34). 
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Figure 33: Roads and road segments that are up 0.62 mi (1 km) from recorded presence of amphibians and reptile species (all 
species, not necessarily species of conservation concern) on a township-level, as well as locations of road-killed animals from 
these two species groups (data provided by Wisconsin DNR). 
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Figure 34: Roads and road segments that are up 0.62 mi (1 km) from recorded turtle (all species, not necessarily species of 
conservation concern) crossings (alive and dead on road) (data provided by Wisconsin DNR). 
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8.3.2 Species specific maps 
 

The maps on the following pages show the counties where individual species of conservation concern 

have been recorded (Table 4). More detailed data were available for two species: elk and gray wolves. 

Elk may be considered in highway mitigation in two areas in Wisconsin. There are many more roads 

where gray wolf may be considered in highway mitigation, both in the northern and central parts of 

Wisconsin.  

 

Table 4: Species of conservation concern selected for this project and figures showing their distribution in Wisconsin. 

Species  
group 1 

Species  
group 2 

Scientific Name Common Name Figure A Figure B 

Amphibians Frog Acris blanchardi Blanchard's cricket frog Figure 35  

Amphibians Frog Lithobates palustris Pickerel frog Figure 36  

Amphibians Frog Lithobates septentrionalis Mink frog Figure 37  

Amphibians Salamander  Hemidactylium scutatum Four-toed salamander Figure 38  

Reptiles Lizard Aspidoscelis sexlineata Six-lined racerunner Figure 39  

Reptiles Lizard Plestiodon septentrionalis Prairie skink Figure 40  

Reptiles Lizard  Ophisaurus attenuatus Slender glass lizard Figure 41  

Reptiles Snake Carphophis vermis Western wormsnake Figure 42  

Reptiles Snake Coluber constrictor North American racer Figure 43  

Reptiles Snake Crotalus horridus Timber rattlesnake Figure 44  

Reptiles Snake Diadophis punctatus arnyi Prairie ring-necked snake Figure 45  

Reptiles Snake Pantherophis spiloides Gray ratsnake Figure 46  

Reptiles Snake Pituophis catenifer Gophersnake Figure 47  

Reptiles Snake Regina septemvittata Queensnake Figure 48  

Reptiles Snake Sistrurus catenatus Eastern massasauga Figure 49  

Reptiles Snake Thamnophis butleri Butler's gartersnake Figure 50  

Reptiles Snake Thamnophis proximus Western ribbonsnake Figure 51  

Reptiles Snake Thamnophis radix Plains gartersnake Figure 52  

Reptiles Snake Thamnophis sauritus Eastern ribbonsnake Figure 53  

Reptiles Snake Tropidoclonion lineatum Lined snake Figure 54  

Reptiles Turtle Apalone mutica Smooth softshell turtle Figure 55  

Reptiles Turtle Emydoidea blandingii Blanding's turtle Figure 56  

Reptiles Turtle Glyptemys insculpta Wood turtle Figure 57  

Reptiles Turtle  Terrapene ornata Ornate box turtle Figure 58  

Mammals Canid Canis lupus Gray wolf*5 Figure 59 Figure 60 

Mammals Felid Lynx canadensis Canada lynx*6 Figure 61  

Mammals Felid Puma concolor Cougar*7 Figure 62  

Mammals Insectivore Sorex palustris American water shrew Figure 63  

Mammals Mustelid Martes americana American marten Figure 64  

Mammals Rodent Microtus ochrogaster Prairie vole Figure 65  

Mammals Rodent Microtus pinetorum Woodland vole Figure 66  

Mammals Rodent Napaeozapus insignis Woodland jumping mouse Figure 67  

Mammals Rodent Peromyscus maniculatus bairdii Prairie deer mouse Figure 68  

Mammals Rodent Poliocitellus franklinii Franklin's ground squirrel Figure 69  

Mammals Ungulate Alces alces Moose Figure 70  

Mammals Ungulate Cervus canadensis Elk Figure 71 Figure 72 

 

  



Wildlife hotspot analyses Wisconsin                                                                                              Habitat and corridors 

 

Western Transportation Institute  52 

 

 

Figure 35: Counties with recorded presence of Blanchard's cricket frog (Acris blanchardi) (Wisconsin DNR, 2025a). 
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Figure 36: Counties with recorded presence of Pickerel frog (Lithobates palustris) (Wisconsin DNR, 2025a). 
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Figure 37: Counties with recorded presence of Mink frog (Lithobates septentrionalis) (Wisconsin DNR, 2025a). 
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Figure 38: Counties with recorded presence of Four-toed salamander (Hemidactylium scutatum) (Wisconsin DNR, 2025a). 
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Figure 39: Counties with recorded presence of Six-lined racerunner (Aspidoscelis sexlineata) (Wisconsin DNR, 2025a). 
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Figure 40: Counties with recorded presence of Prairie skink (Plestiodon septentrionalis) (Wisconsin DNR, 2025a). 
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Figure 41: Counties with recorded presence of Slender glass lizard (Ophisaurus attenuatus) (Wisconsin DNR, 2025a). 






































































































































































































































































