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Blackfeet AVC Reduction Master Plan Executive Summary

EXECUTIVE SUMMARY

The U.S. has an estimated 1-2 million animal-vehicle collisions (AVCs) occur each year at an
estimated cost of $8.4 billion annually (Huijser et al. 2008; Sullivan 2011). Crashes resulting in
human injuries and fatalities have been documented to be higher for Native Americans than for
any other groups in the U.S. (Shinstine et al., 2015). Tribal transportation stakeholders recognize
that there are many factors that make addressing highway safety difficult for tribes including:
lack of resources, lack of crash data, poor data accuracy, and the challenges of working across
jurisdictional lines with state, local, and federal agencies (Shinstine et al., 2015).

From 1996-2012, the Blackfeet Tribe Motor Vehicle Crash Site Identification Project identified
385 collisions that involved domestic (n=291) and wild (n=94) animals, ranking them as the third
and fourth most common causes, respectively, of motor vehicle crashes on the Blackfeet
Reservation. In addition to the human costs associated with AVCs, roads and traffic are also a
serious concern for wildlife habitat connectivity and biological conservation.

This project represents the first Reservation-wide AVC study, which identifies, prioritizes, and
proposes mitigation measures for road stretches with the highest incidence of AVCs. In addition
to crash and carcass data (i.e. animal mortality data), the resulting AVC Reduction Master Plan
also incorporates animal movement data and connectivity modeling output to identify areas on
the Reservation with the greatest conservation value, where preserving connectivity across roads
is critical for wildlife, and where wildlife are most likely cross roads and encounter vehicle
traffic on a regular basis.

Our initial screening of Reservation roads identified 42 mile segments as having high value
across prioritization characteristics or exceptionally high value for any single characteristics.
These segments were clustered in 15 distinct stretches of road that ranged in length from 1 to 5
miles. Many stretches included road segments that were identified as high priority based on
multiple characteristics. The majority of the priority stretches occurred along US 89 and US 2,
the two roads with the highest traffic volumes within the Reservation.

A Technical Advisory Team made up of local and regional wildlife and transportation agency
staff, and road ecology experts visited each of the 15 priority stretches and developed the site-
specific mitigation recommendations contained in this report. The researchers also present
recommendations to address livestock AVCs on off-system routes, which were not prioritized in
the analysis due to the lack of available data, but which were repeatedly brought up as high risk
areas in our public meetings. In addition, we present a cost-benefit analysis, potential funding
sources for implementing the recommended mitigation measures, as well as identifying policy
and enforcement challenges and solutions for addressing livestock AVCs.

The final AVC Reduction Master Plan provides direction and is intended to serve as a blueprint
for the Blackfeet Nation, which may then propose specific collision-reducing mitigation projects
for further development, design, and construction.
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1. INTRODUCTION

1.1. Background

Vehicle collisions with large animals are a frequent occurrence in many parts of the world
(Farrell and Tappe 2007; Grilo et al. 2018; Jeganathan et al. 2018) and can result in animal
mortality, property damage, and human injuries or fatalities (Bissonette et al. 2008; Huijser et al.
2008). In the United States, animal-vehicle collisions (AVCs) and associated human fatalities
have increased by at least 50 percent since 1990. The U.S. has an estimated 1-2 million AVCs
occur each year at an estimated cost of $8.4 billion annually (Huijser et al. 2008; Sullivan 2011).

Crashes resulting in human injuries and fatalities have been documented to be higher for Native
Americans than for any other groups in the U.S. (Shinstine et al., 2015). Tribal transportation
stakeholders recognize that there are many factors that make addressing highway safety difficult
for tribes including: lack of resources, lack of crash data, poor data accuracy, and the challenges
of working across jurisdictional lines with state, local, and federal agencies (Shinstine et al.,
2015).

From 1996-2012, the Blackfeet Tribe Motor Vehicle Crash Site Identification Project identified
385 collisions that involved domestic (n=291) and wild (n=94) animals, ranking them as the third
and fourth most common causes, respectively, of motor vehicle crashes on the Blackfeet
Reservation. Collisions with domestic animals (n=3) ranked as the third highest cause of human
fatality-related crashes, and collisions with domestic (n=113) and wild animals (n=20) ranked as
the third and seventh highest causes of human injury-related crashes on the Reservation during
the same period. These data do not include unreported collisions.

In addition to the human costs associated with AVCs, roads and traffic are also a serious concern
for wildlife habitat connectivity and biological conservation. The Blackfeet Nation is located in
northern Montana east of Glacier National Park along the Canadian border and supports a high
diversity of wildlife species, partly due to its location in the transition zone between the Northern
Great Plains and the Rocky Mountains and relatively abrupt elevation changes (Blackfeet CEDS,
2018). The Reservation provides a variety of wildlife habitats, including conifer forests of
various ages, extensive aspen stands interspersed with meadows and riparian areas, prairie
potholes, native grasslands, and agricultural crop land. It is home to moose, elk, grizzly bear,
black bear, mule deer, swift fox, and many other species (Blackfeet CEDS, 2018). In addition to
addressing the human safety concerns associated with AVCs, this project also seeks to identify
areas where the road network intersects critical corridors that provide habitat connectivity for the
Blackfeet Nation’s diverse wildlife, which are culturally, spiritually, and economically important
to the people of the Blackfeet Nation (Blackfeet CEDS, 2018).

1.2. Differences in AVCs: Livestock vs Wildlife

Much of what is known about AVCs comes from the scientific discipline of road ecology, which
has developed rapidly over the past several decades and seeks to understand and mitigate the
impacts of roads on ecological systems (Spellerberg 1998; Forman et al. 2003; Van der ree et al.
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2015). Most road ecology research focuses on vehicle collisions with wildlife species, especially
large ungulates such as whitetail deer, mule deer, elk, and moose, which account for the vast
majority of AVCs in North America (Huijser et al. 2008). Collisions with domestic livestock
(e.g., cattle, horses, and sheep) are typically not differentiated from collisions with wildlife in
data collection systems used by transportation departments, law enforcement agencies, natural
resource agencies, and motor vehicle insurance companies. In most scientific analyses, collisions
with domestic animals are either lumped together with collisions involving wildlife or are
excluded altogether. This lack of differentiation between domestic animal-vehicle collisions
(DAVCs) and wildlife-vehicle collisions (WVCs) is also common among traffic safety studies
conducted by transportation agencies and public health researchers, and limits our understanding
of where, when, and how frequently DAVCs occur, and whether these patterns differ from those
for WVCs.

Recent research by the Center for Large Landscape Conservation and the Western Transportation
Institute at Montana State University (Creech et al. in Press) indicates that DAVCs and WVCs in
Montana differ with respect to timing, location, and frequency. WV Cs exhibit two diel peaks
(dawn and dusk) versus only one prominent peak (late evening/early night) for DAVCs.
Statewide, DAVCs are over-represented relative to WVCs in most eastern Montana counties and
are under-represented in most western Montana counties. At finer spatial scale (i.e., 1-mile road
segments), WVC and DAVC hotpots do not show strong overlap in many areas. Perhaps most
relevant to this study, the Blackfeet Reservation is a major outlier with respect to the proportion
of AVCs involving domestic animals; while DAVCs account for only 7 percent of AVCs
statewide, they account for 59 percent of AVCs on the Blackfeet Reservation (Creech et al. in
press) These findings suggest that DAVCs warrant greater attention on the Reservation and may
represent a high priority for management and mitigation measures. In addition to being relatively
common on the Reservation, DAVCs are more dangerous to motorists on a per-collision basis
than WVCs.

For these reasons, we treat DAVCs and WV Cs independently in this report. This is critical
because DAVC and WV C hotspots may occur in different locations along the Reservation’s road
network, and the most appropriate mitigation measures for DAVC hotspots may differ from
those for WVC hotspots. We take these distinctions into account in our site-specific
recommendations.

1.3. Project Goal and Tasks

Although there is interest in the Blackfeet community in reducing collisions between motorists
and animals, there is currently no Reservation-wide assessment of the highest-priority road
stretches to mitigate for high rates of AVCs. Without such a priority list, it is difficult to
determine the best locations to invest scarce tribal transportation safety dollars to help reduce
AVCs on the Reservation. The Animal-Vehicle Collision Reduction Project described in this
report seeks to fill that gap by developing the first Reservation-wide Animal-Vehicle Collision
Reduction Master Plan, which identifies, prioritizes, and proposes mitigation measures for road
stretches with the highest incidence of AVCs. This report also incorporates animal movement
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data and connectivity modeling output to identify areas on the Reservation with the greatest
conservation value, where preserving connectivity across roads is critical for wildlife, and where
wildlife are most likely cross roads and encounter vehicle traffic on a regular basis.

The final Animal-Vehicle Collision Reduction Master Plan provides direction and serves as a
blueprint for the Blackfeet Nation, which may then propose specific collision-reducing
mitigation projects for further development, design, and construction. The tribe’s consultation
with local, state, and federal agencies, as well as with tribal members and local citizens, and
other interested stakeholders was critical during plan development. The plan also considers and
incorporates all wildlife and road safety data and information that was available at the time of its
development. Finally, the plan also draws on (1) traditional ecological knowledge collected and
compiled through public meetings and a mapping exercise, and (2) results of a field evaluation of
priority road stretches conducted by a Technical Advisory Team of researchers, tribal, state, and
local biologists, engineers, and transportation experts.

Project Tasks included:

1. Gathering and synthesizing existing AVC data

Holding a public meeting and conducting a mapping exercise to get feedback from
community members on AVC locations and animal movement data

Identifying priority road stretches for implementing mitigation

Conducting field evaluation of priority road stretches

Recommending site-specific mitigation measures to reduce collisions

Conducting cost-benefit analysis for mitigation measures

Identifying potential funding sources for implementing mitigation measures

N

No ok~ ow
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2. METHODOLOGY

2.1. Study area

The study focused on a subset of roads within the Blackfeet Reservation for which adequate data
were available for identifying high-priority mitigation sites. We included all roads maintained by
the Montana Department of Transportation (MDT), often referred to as “On-System” routes. We
also included several paved “Off-System” routes identified as problematic for AVCs in initial
scoping discussions with tribal members. A full list of study roads and their characteristics can
be found in Table 1. When identifying priority locations for mitigation, we used mile segments —
i.e., segments of road between consecutive mile markers — as our spatial unit of analysis. Most of
the study roads had physical reference markers (i.e., roadside mile posts) that we used to define
mile segments. However, some Off-System roads either lacked physical reference markers or we
were unable to obtain geographic coordinates for reference markers because those roads were
inaccessible at the time of the analysis (Table 1); in these cases, we created virtual reference
markers in a Geographic Information System (GIS) at one-mile increments. It is important to
note that results for these roads do not align with any existing physical markers, and coordinates
of virtual markers must be used to locate mile segments along these roads.

Table 1. Description of roads included in Blackfeet AVC reduction study.

Length within Reference
Road name Reservation (miles) markers!
US Highway 89 ' 75.0 Physical
US Highway 2 49.0 Physical
Montana Highway 464 (Duck Lake Road) 336 Physical
Heart Butte Road 31.3 Physical
Montana Highway 213 (Chalk Butte Rd) 29.7 Physical
Montana Highway 358 (Cutbank-Valier Highway) | 20.4 Physical
Montana Highway 444 (Meriwether Road) \ 19.8 Physical
Starr School Road 134 Physical
Birch Creek Road 125 Virtual
Badger Creek Road 12.0 Physical
Montana Highway 49 (Looking Glass Road) \ 11.7 Virtual
Montana Highway 17 (Chief Mountain 10.7 Virtual

International Highway)
Many Glacier Road 4.8 Virtual

! “Physical” reference markers are those for which a roadside marker is physically present. “Virtual” reference
markers were created in a GIS for roads that lacked physical markers for the purposes of this study only.

2.2. Datasources

Center for Large Landscape Conservation Page 4
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We acquired a diversity of data sets to inform our analyses of AVC risk on the Blackfeet
Reservation. These data sets could be roughly classified into five categories: (1) law enforcement
records from AVCs; (2) records of animal carcasses observed along roads; (3) observations of
live animals on or near roads; (4) observations of animal trails along roads; and (5) other
ecological data such as wildlife telemetry locations, habitat models, and connectivity models. In
addition to standard data sources used in AVC research (e.g., natural resource agency records,
transportation department records, scientific publications), we solicited information from local
residents on locations of animal-vehicle conflict along Reservation roads. This “traditional
ecological knowledge” (TEK) shared by residents largely fell into the aforementioned categories
(carcass, live animal observations, and wildlife habitat observations) and was based on both
long-term experiences and recollection of individual events.

Data sources varied with respect to temporal extent, spatial extent, locational accuracy, and
number of observations. Information on these and other characteristics is provided for each data
set in Table 2. Below, we briefly describe the data sets in each of the aforementioned categories.
All data labelled as Traditional Ecological Knowledge (TEK) was collected during a public
meeting, held at the Blackfeet Community College in spring of 2019, where the researchers
conducted a community mapping exercise. During this mapping exercise residents and members
of the local community were asked to identify points on large maps of the Reservation where
they are seeing animals (alive or dead) on or near roads. We had over 160 data points collected
through the community mapping exercise, which was extremely informative particularly for off-
system routes (not maintained by MDT) where there was very little available data on AVCs
aside from the Montana Highway Patrol crash records.

Crash data: We obtained Montana Highway Patrol (MHP) records for crashes occurring from
2008-2017 within the Reservation via a data request submitted to MDT. These records included
the date, time, location, and animal type (domestic versus wildlife) of all AVCs to which MHP
responded. We calculated the number of recorded wildlife crashes and the number of recorded
domestic animal crashes within each road mile segment as metrics of AVC risk.

Carcass data: We obtained data on animal carcasses observed along Reservation roads from
five sources: (1) MDT maintenance personnel records from 2008-2017, which only covered On-
System routes that MDT is responsible for maintaining; these records may also be biased by
spatially inconsistent sampling effort; (2) records of wildlife and domestic animal carcasses
removed from roads by Blackfeet Fish & Wildlife Department (BFWD) game wardens from
2014-2018; (3) records of livestock carcasses removed from roads by Blackfeet Lands
Department (BLD) staff in 2018, typically in response to reports from local residents; (4)
information on carcasses observed by local residents (i.e., TEK); (5) Records of wildlife
carcasses recorded by Blackfeet agency personnel using the Tribal Roadkill Observation and
Data System (ROaDS) smart phone application in 2018-2019 (though some technical difficulties
reduced the number of data collectors that were able to contribute).

Live animal observations: We obtained records of observations of live animals on or near roads
from four sources: (1) BFWD records of live wildlife observations from 2014-2018; (2) BLD
observations of live livestock from 2018; (3) information on live wildlife or livestock observed
by local residents (TEK); (4) observations of live wildlife and domestic animals recorded by
Blackfeet agency personnel using the Tribal ROaDS smart phone application in 2018-2019
(though some technical difficulties reduced the number of data collectors that were able to
contribute).
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Animal trails: Data from transect surveys for animals trails along portions of Chief Mountain
International Highway and US 89 were provided by Brandon Kittson, a Blackfeet tribal member
and recent Salish Kootenai College graduate. Mr. Kittson collected these data as part of his
undergraduate thesis (Kittson 2019). In addition, we supplemented these data with a small
number of animal trail observations made along U.S. Highway 2 west of the town of East Glacier
by Becca Holdhusen using a similar methodology. Animal trails data did not distinguish between
trails made by domestic animals and those made by wildlife.

Other ecological data: We obtained telemetry data from BFWD for eight grizzly bears outfitted
with GPS collars from 2016-2018 and used telemetry locations to infer locations of road
crossings. We converted locations into movement paths by assuming straight-line travel between
consecutive telemetry fixes, limiting our analysis to fixes separated by less than eight hours to
minimize potential deviation from assumed straight-line paths. We then determined where these
inferred movement paths intersected the road network (i.e., approximate locations of grizzly bear
crossings).

We used geospatial data from Krosby et al. (2018) on riparian climate corridors to determine
where roads intersect riparian zones that are likely to facilitate climate-induced species range
shifts. This data set included a resiliency index for each riparian zone based on its ability to
facilitate range shifts and serve as a climate micro-refugium, which was estimated based on the
temperature gradient along its length and its degree of canopy cover, solar insolation, and human
modification.

We used geospatial data from Dickson et al. (2016) on ecological connectivity to determine
where roads intersect major dispersal corridors. This data set was the product of a Circuitscape
analysis of species-neutral connectivity among large protected areas within the western U.S., and
it generated a connectivity value for each landscape pixel reflecting its estimated contribution to
West-wide connectivity. Movement was assumed to be more difficult through areas with more
rugged topography and higher degree of human modification.

Finally, we received information from local residents (TEK) through the community mapping
exercise regarding the presence of wildlife habitat along the road network. Observations were
classified as pertaining to movement habitat, denning/nesting habitat, or general habitat.

Table 2. Description of data sets used in analysis.
Sampling Spatial Sample

Data set Description period extent size  Precision?
Carcasses of wildlife recorded
MDT wildlife by Mont-ana Dt?pt. of 2008-2017 On-system 142 Good
carcasses Transportation maintenance routes
personnel

Carcasses of domestic animals

MDT domestic recorded by Montana Dept. of 2008-2017 On-system
animal carcasses Transportation maintenance routes
personnel

69 Good
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Sampling Spatial Sample
Data set Description period extent size  Precision?
- Records of vehicle collisions
ialalFlillic with wildlife from Montana 2008-2017 All study 131 Good
crashes . roads
Highway Patrol
. Records of vehicle collisions
MHP domestic with domestic animals from 2008-2017 All study 181 Good
animal crashes . roads
Montana Highway Patrol
Records of wildlife carcasses
ildli . All stud
FRIDTENG reported to Blackfeet Fish & 2014-2018 y 14 Moderate
carcasses - roads
Wildlife Dept.
Records of domestic animal
i All st
aBnFi\r;vaEI) g;rr:aei; carcasses reported to Blackfeet | 2014-2018 rozgsdy 9 Moderate
Fish & Wildlife Dept.
BRWD wildlife | oooras of tvewildiife onor o000 5009 1 Al study
alive on road near roads reported to Blackfeet 2015-2018 roads 6 Moderate
Fish & Wildlife Dept.
BLD domestic Re.cords of live domestic
. . animals on or near roads All study
animals alive on 2018 171 Moderate
reported to Blackfeet Lands roads
road
Dept.
Records of domestic animal
i All
B.LD domestic carcasses reported to Blackfeet 2018 study 31 Moderate
animal carcasses roads
Lands Dept.
GPS collar locations from
i . All stud
Grizzly bear telemetry study of 8 grizzly 2016-2018 uay 3413 Poor*
telemetry roads
bears
Records of animal trails MT 17; US 89
observed along portions of US | 2016 (US2 | (MP8-31); US
Animal trail 89, MT 17, and US 2 during data); 2017 2 (East 349 Good
surveys surveys conducted primarily for =~ (MT 17 and Glacier to
Brandon Kittson's undergraduate =~ US 89 data) western
thesis research boundary)
Locations of wildlife
TEK - wildlife carcasses/AVCs as identified by Not All study
. e 16 Poor
carcasses tribal members and local specified roads
residents
Locations of domestic animal
TEK - domestic | carcasses/AVCs as identified by Not All study
. . e 32 Poor
animal carcasses tribal members and local specified roads
residents
. Locations of domestic animal
TFTK ) dor_nestlc carcasses/AVCs as identified by Not All study
animals alive on . e 146 Poor
tribal members and local specified roads
road .
residents
TEK - wildlife Locations of wildlife sightings Not All study 101 Poor
alive on road on/near roads as identified by specified roads

Center for Large Landscape Conservation
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Sampling Spatial Sample
Data set Description period extent size  Precision?
tribal members and local

residents

Locations of wildlife movement
corridors, general habitat, and

- wildli i . . Not All st
TEP;abVi\;g?“fe denning/nesting habitat as s ec?fie d roZ;sdy 43 Poor
identified by tribal members and P
local residents
Estimated value for facilitating
. ecological flows (e.g., wildlife .
Reservation-
Ecolog!cgl movement) between protected NA ) NA Moderate®
connectivity . wide
areas in the western U.S., from
Dickson et. (2016)
Estimated value of riparian
Rlparlar_l climate co_rrldors for falelltatmg cll_mate— NA Reseryatlon— NA Moderates
corridors induced species range shifts, wide
from Krosby et al. (2018)
Records of wildlife carcasses
R(\?va::?jlsl f?e PP submitted by local residents 2019 All study 5 Good
using the Tribal ROaDS smart roads
carcasses .
phone application
Records of live wildlife on or
ROaDS app near roads SIIJ\IIJmVi\Cted Ib local All stud
wildlife alive on . : y 2019 y 16 Good
road residents using the Tribal roads
ROaDS smart phone application
Records of live domestic
ROaDS app . W !
domestic animals on or near roads All stud
submitted by local residents 2019 y 44 Good

animals alive on roads

using the Tribal ROaDS smart
road

phone application
1 Sample size is the total number of observations (e.g., carcasses, crashes, live animal sightings) along study roads.
Note that observations spanning multiple mile segments were counted once for each 1-mile road segment within the
indicated stretch of road.

2 A rough categorical estimate of locational error associated with data set. Good: location recorded at time of
observation with GPS coordinates. Moderate: location recorded at time of observation with road reference marker
to nearest mile or with detailed location description based on local landmarks. Poor: location estimated based on
memory of past events.

3 Number of grizzly bear road crossings inferred from ~11,000 telemetry locations.

4 Although raw grizzly bear data include precise GPS coordinates, this data set was considered to be of poor
precision because the analysis used inferred locations of road crossings between consecutive animal relocations up
to 8 hours apart, which were estimated with potentially large error based on assumption of straight-line travel.

> Data set consists of connectivity model output rather than locations of specific events, and was assigned to the
moderate precision category based on the spatial resolution of the model.
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2.3. Indices of road segment importance

We used each of the data sets described above to generate a road mile segment-level index of
importance as a potential mitigation location. Data of the same type but from different sources
(e.g., MDT carcass data and BLD carcass data) were analyzed separately but used the same
index. Indices were calculated for data types as follows:

Crash data: We calculated the number of recorded wildlife crashes or domestic animal crashes
within each road mile segment as an index of AVC risk.

Carcass data: We calculated the number of recorded wildlife carcasses or domestic animal
carcasses within each road mile segment as an index of AVC risk. In rare cases where a record
indicated multiple carcasses observed at a particular location and time, we treated each carcass as
an independent observation.

Live animal observations: We calculated the number of recorded wildlife observations or
domestic animal observations within each road mile segment as an index of animal use intensity.
Many live animal observation records indicated that multiple animals were observed
simultaneously (e.g., a herd of cattle crossing a road); we treated these as a single observation
rather than independent observations for each individual animal.

Animal trails: We calculated the number of recorded animal trails along each road mile segment
as an index of animal use intensity. We were not able to distinguish between trails created by
wildlife versus domestic animals.

Other ecological data: We calculated the number of grizzly bear paths intersecting each road
mile segment (i.e., number of inferred road crossings by bears) as an index of grizzly bear road
use. We calculated the maximum resiliency index value from Krosby et al. (2018) of any riparian
zones intersecting each road mile segment as an index of potential importance for climate change
adaptation. We calculated the maximum connectivity value from Dickson et al. (2016) of the
landscape pixels overlapping each road mile segment as an index of importance for general
connectivity. We calculated the number of habitat observations by local residents per road mile
segment as an index of wildlife habitat presence.

Records from some data sets (e.g., live animal observations, habitat observations) contained
locational information that spanned multiple road mile segments. For instance, a herd of cows
may have been recorded between mile markers 10 and 13 along a road. In such cases, we
attributed the record individually to each road mile segment contained within the reported
segment of road.

Most of our indices were based on counts of events (i.e., crashes, carcasses, live animals)
observed within road mile segments. However, distances between consecutive physical reference
markers were not always 1 mile along study roads (mean=0.98; range=0.14-2.42 miles), which
could lead to biased comparisons among road mile segments of different lengths. To adjust for
this bias, we divided the count within each road mile segment by the length of the segment, such
that index values were expressed as counts per mile within each segment, regardless of its actual
length. This procedure was applied to all datasets except the riparian climate corridor and
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ecological connectivity datasets, for which indices were not based on counts per linear unit and
thus did not require this bias correction.

Many of our data sets contained records with unknown spatial precision or with significant
locational error; for instance, locations of live animal observations or carcasses were often
recorded only to the nearest mile marker, and in some cases only a description of a nearby
landmark was provided. To account for this spatial uncertainty, we applied a moving window
approach to most of our data sets, in which the index value for each road segment was
recalculated as the mean of the values for that segment and its two neighboring segments. This
smoothing function resulted in a more realistic representation of spatial uncertainty and
minimized any effect of observations occurring at segment boundaries. Only the data sets based
on ecological models (riparian climate corridors, ecological connectivity) were exempted from
this procedure because they were not derived from error-prone observations of events.

2.4.

Initial screening of priority road segments

We used the segment-level indices derived from data sets described above to identify an initial
set of high-priority road segments for possible mitigation measures. This screening approach was
necessary to narrow the scope of the subsequent field evaluation to a reasonably small set of sites
to visit. We developed seven prioritization characteristics representing different reasons for
considering a segment to be an important mitigation target: 1) wildlife-vehicle collision risk, 2)
domestic animal vehicle-collision risk, 3) total AVC risk, 4) live wildlife on/near roads, 5) live
domestic animals on/near roads, 6) all live animals on/near roads, and 7) regional conservation
value. Characteristics are described in more detail in Table 3. Each characteristic was informed
by a different subset of the 21 available data sets (Table 4).

Table 3. Description of prioritization characteristics.

Characteristic

Description

Evaluation method

WVC risk

Frequency of collisions with wildlife

Data analysis

DAVC risk

Frequency of collisions with domestic animals

Data analysis

Total AVC risk

Frequency of collisions with all animals

Data analysis

Live wildlife on/near roads

Intensity of wildlife use of roads and roadside
environments

Data analysis

Live domestic animals
on/near roads

Intensity of domestic animal use of roads and roadside
environments

Data analysis

All animals on/near roads

Intensity of all animal use of roads and roadside
environments

Data analysis

Regional conservation value

Contribution to regional conservation (if mitigated) by
serving as a movement corridor or high-quality wildlife
habitat at the regional scale

Data analysis

Contribution to regional conservation (if mitigated) by

Local conservation value serving as a movement corridor or high-quality wildlife Field
habitat at the local scale

Mitigation options Type and eng?neering feasibility of mitigation measures Eield
that could be implemented
Degree of negative impact on wildlife movement

Barrier effect potential due to high traffic volume or non-wildlife- Field

friendly fencing
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Characteristic

Description

Evaluation method

Presence/absence of “secured” land (e.g., State, federal,

Land security private conservation easement) on both sides of road to Field
allow for effective crossing structures
Vulnerability Potential for future increase in AVC risk or negative Field

impact to wildlife due to increased speed limit, traffic
volume, road width, or number of lanes

! Characteristics evaluated using data analysis were assigned continuous values. Characteristics evaluated in the

field were assigned to categories.
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Table 4. Data sets used to calculate segment-level importance index for each prioritization characteristic. An “X” indicates that the
data set in that row was included in calculations for the characteristic in that column.

Data set

WVC
risk

DAVC
risk

Total
AVC risk

Live wildlife
on/near road

Live domestic
animals on/
near road

All live animals on/
near road

Regional
conservation
value

Animal trails along roads*

Blackfeet F&W domestic animal carcasses

X

Blackfeet F&W wildlife carcasses

X

Blackfeet F&W wildlife alive on/near road

Blackfeet Lands Dept. domestic animal
carcasses

Blackfeet Lands Dept. domestic animals
alive on/near road

Ecological connectivity among protected
areas

Grizzly bear telemetry inferred road
crossings

MDT domestic animal carcasses

MDT wildlife carcasses

MHP domestic animal crashes

MHP wildlife crashes

X | X[ X|X

Riparian climate corridors

Traditional ecological knowledge -
domestic animal carcasses

Traditional ecological knowledge - wildlife
carcasses

Traditional ecological knowledge - wildlife
habitat

Traditional ecological knowledge -
domestic animals alive on/near road
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Live domestic Regional
WVC | DAVC | Total Live wildlife | animals on/ All live animals on/ | conservation
Data set risk risk AVC risk | on/near road | near road near road value
Traditional ecological knowledge - wildlife
alive on/near road X X
Tribal ROaDS smart phone application -
wildlife carcasses X X
Tribal ROaDS smart phone application -
domestic animals alive on/near road X X
Tribal ROaDS smart phone application -
wildlife alive on/near road X X

! Data set has limited spatial coverage and it is not clear whether animal trails should be considered evidence of AVC risk, potential wildlife crossings, or both.
Accordingly, we used it to confirm priority locations suggested by other data sets, and not as part of our initial site selection process.

Table 5. Characteristics of individual road mile segments within priority stretches. An “X” indicates that the segment in that row was
considered high priority for the characteristic in that column.

PRIORITY CHARACTERISTIC
Reference Live
marker Live domestic All
Priority (start of Regional wildlife animals animals
stretch mile conservation | WVC | DAVC | Total on/near on/near on/near
ID Route name segment) | Composite | value risk risk AVC risk | road road road
1 Heart Butte Rd 14 X
Heart Butte Rd 15 X
MT 49
2 (Lookingglass Rd) 2 X
Rte 358 (Cutbank-
. Valier Hwy) e S
Rte 464 (Duck
4 Lake Rd) 31 X X
Center for Large Landscape Conservation Page 13
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PRIORITY CHARACTERISTIC

Reference Live
marker Live domestic All

Priority (start of Regional wildlife animals animals
stretch mile conservation | WVC | DAVC | Total on/near on/near on/near
ID Route name segment) | Composite | value risk risk AVC risk | road road road

Rte 464 (Duck

Lake Rd§ 32 X X

Rte 464 (Duck

Lake Rdg 33 X X X

us?2 206 X X X

us?2 207 X X X X
5 us?2 208 X X X

us?2 209 X X

us?2 210 X

us?2 245 X

us?2 246 X
6 us?2 247 X X X X

usS2 248 X X X

usS?2 249 X X X
7 us?2 254 X X X X
8 UsS 89 10 X

UsS 89 11 X X

UsS 89 22 X

UsS 89 23 X X X
9 UsS 89 24 X X X

UsS 89 25 X X X

US 89 26 X X
10 UsS 89 30 X

US 89 35 X X
11 UsS 89 36 X X

US 89 37 X
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PRIORITY CHARACTERISTIC

Reference Live
marker Live domestic All
Priority (start of Regional wildlife animals animals
stretch mile conservation | WVC | DAVC | Total on/near on/near on/near
ID Route name segment) | Composite | value risk risk AVC risk | road road road
UsS 89 38 X X
12 US 89 43 X X X
US 89 44 X X X
13 US 89 85 X
UsS 89 94 X X X
US 89 95 X X X X X
14 US 89 96 X X X X
UsS 89 97 X X X X
US 89 98 X
US 89 101 X X
15 US 89 102 X X
US 89 103 X X
UsS 89 104 X X
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Establishing a segment-level importance index for each prioritization characteristic required
combining results across the multiple datasets associated with that characteristic. We first
rescaled index values for all data sets to range between 0 and 1 to allow valid comparisons across
data sets. We then implemented a weighted averaging approach in which the contribution of each
data set to the overall importance index for a given characteristic was a function of that data set’s
sample size (e.g., number of crashes or carcasses included in data set) and spatial precision
(categorized as “good”, “moderate”, or “poor”; see Table 2 for category descriptions). Initial
weights were calculated as the proportion of the total sample size (i.e., sum of sample sizes
across all data sets included in characteristic) comprised by each individual data set. We then
modified these initial weights by multiplying them by 1, 0.75, and 0.5 for data sets with good,
moderate, and poor precision, respectively; this down-weighted the contribution of data sets in
which we had less confidence because locations were recorded with greater potential spatial
error. We rescaled the modified weights to sum to 1, then calculated the weighted mean of
segment-level indices for data sets included in a characteristic as an overall segment-level
priority index for that characteristic.

If data were missing for a data set in a given road segment (e.g., for data sets that did not include
sampling of all study roads), then that data set was assigned a weight of 0 for that segment and
weights for the remaining data sets were rescaled proportionally to sum to 1. We modified our
weighting method slightly for the regional conservation value characteristic because sample sizes
for some data sets included in this characteristic could not be defined (e.g., connectivity models);
for this characteristic, we assumed that all data sets had the same sample size.

To identify high-priority sites for field evaluation, we calculated the unweighted mean of each
segment’s index values across all seven prioritization characteristics as a composite index. We
then selected the 25 segments with the highest composite index value as high-priority segments.
This approach tends to select segments with high index values across multiple characteristics, but
may overlook segments that are extremely important for a single characteristic despite having
lower composite index values. To capture these outliers, we added any segment that ranked
within the top 10 among all segments for any characteristic to our list of priority sites if it had
not already been selected based on composite index value.

Many of the 1-mile road segments on our priority sites list were spatially adjacent and formed
continuous, multi-segment stretches of road. We considered adjacent 1-mile segments (forming
stretches up to 5 miles in length) as a single priority stretch for field evaluation, but used finer-
scale, 1-mile segment-level data to help select locations for mitigation within priority stretches
(Table 5). In total, 