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Abstract

Context. Road mitigation to reduce animal—vehicle collisions (AVCs) is usually based on analysis of road survey
animal carcass data. This is used to identify road sections with high AVC clusters. Large mammals that are struck and die
away from a road are not recorded nor considered in these analyses, reducing our understanding of the number of AVCs
and the cost—benefit of road mitigation measures.

Aims. Our aim was to develop a method to calculate a correction factor for large mammal carcass data reported through
road survey. This will improve our understanding of the magnitude and cost of AVCs.

Method. Citizen scientists reported animal carcasses on walking surveys along transects parallel to the highway and
reported observations using a smartphone application at three sites over a 5-year period. These data were compared with
traditional road survey data.

Key result. We found that many large mammals involved in AVCs die away from the road and are, therefore, not
reported in traditional road surveys. A correction factor of 2.8 for our region can be applied to road survey data to account
for injury bias error in road survey carcass data.

Conclusions. For large mammals, AVCs based on road survey carcass data are underestimates. To improve
information about AVCs where little is known, we recommend conducting similar research to identify a correction
factor to conventionally collected road survey carcass data.

Implications. 1dentifying road mitigation sites by transportation agencies tends to focus on road sections with above-
threshold AVC numbers and where cost—benefit analyses deem mitigation necessary. A correction factor improves AVC
estimate accuracy, improving the identification of sites appropriate for mitigation, and, ultimately, benefitting people and

wildlife by reducing risks of AVCs.
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Introduction

Animal-vehicle collisions (AVCs), particularly those involving
ungulates, are increasingly recognised as a significant concern
for traffic safety, socioeconomics, animal welfare and wildlife
management in the United States, Canada, Australia and Europe
(Groot Bruinderink and Hazebroek 1996; Huijser et al. 2008;
Ward et al. 2011; Ang et al. 2019). In the USA alone, it is
estimated that 1 million deer (Odocoileus sp.)—vehicle collisions
occur annually, with an associated cost of more than US$1 bil-
lion in vehicle damages and 29 000 human injuries (Conover
et al. 1995). Similar patterns and growing concerns about
vehicle collisions with large animals are found in Canada and
Europe (Langbein et al. 2011; Vanlaar et al. 2012; Morelle et al.
2013; Rosell et al. 2013).
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In an effort to reduce the frequency of AVCs, transportation
agencies around the world have implemented road mitigation
measures such as wildlife under- and overpasses, fencing,
animal detection systems, and variable message signs (Huijser
etal. 2008; van der Ree et al. 2015). AVC records are often used
to locate optimal sites for these measures. For example, AVC
data have been used solely, or in conjunction with, wildlife
movement data to plan the location of mitigation measures on
roads (Lenhert and Bissonette 1998; Van Manen et al. 2012;
Gagnon et al. 2019). AVC data are also analysed together with
landscape and road variables to identify where high AVC rates
might occur, so as to help inform the underlying mechanisms
leading to future AVCs (Ramp et al. 2005; Litvaitis and Tash
2008; Ward et al. 2011; Clevenger et al. 2015). For both
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purposes, it is imperative that transportation agencies collect
sound data to ensure that analyses provide strong inferences to
inform decision making (Snow et al. 2015).

This includes systematically collected AVC information to
avoid potential observation bias (Huijser et al. 2007; Santos
et al. 2018). Common factors related to how the survey is
conducted can affect the reliability and accuracy of AVC data.
These range from speed at which surveys are conducted, the
number and consistency of observers, to time of day when
surveys are conducted (Slater 2002; Santos et al. 2011).

Animal-vehicle collision data collection can also be strongly
biased if observers fail to detect road-kills along the survey
(Ascensao et al. 2019). These biases may occur due to (1)
carcass removal, for example, by scavenging animals or people,
(2) detectability, as small road-killed animals are less likely to be
observed than are large animals and (3) injury; that is, animals
are not immediately killed by the collision but are injured and die
some distance, out of sight of the road (Winton et al. 2018).

For many years, there has been speculation regarding a
systematic discrepancy between reported or recovered numbers
of AVCs and the actual numbers killed on roadways
(Huijser et al. 2007). It is important to know the real road-kill
rate to identify and prioritise road sections for mitigation
planning (Lee et al. 2006; Polak et al. 2014; Saenz-de-Santa-
Maria and Telleria 2015). AVCs can be a significant cost to
society and thresholds in the number of AVCs are used to
identify what roads and segments are cost effective (Conover
etal. 1995; Huijser et al. 2009). Having a more accurate estimate
of AVCs will aid transportation agencies in selecting road
segments where motorist safety is at high risk and benefits of
mitigation outweigh costs.

Unreported AVCs include those collisions where animals are
hit by vehicles, are injured and move well away from the road to
die. These animals may not be observed during road surveys by
road maintenance clean-up crews. We designed the present study
to better understand injury bias in AVC data by comparing the
relationship between AVC survey data obtained by a standard
method of road survey (reported animal carcasses on the road by
road maintenance clean-up crews) and data obtained by walking
surveys using citizen scientists (detecting animal carcasses off
the road to quantify the number of unreported animal carcasses).
This will enable us to develop a correction factor for related
landscapes in North America that can be applied to road survey
carcass reports to both obtain a more reliable estimate of AVCs
and to better understand the true societal costs of AVCs. Although
the correction factor calculated in the present study may not be
applicable to other landscapes with different habitats and species
assemblages, our study outlines field-based methods for deter-
mining a road-kill correction factor.

Materials and methods
The Crowsnest Pass region

The Highway 3 transportation corridor is located in the Crowsnest
Pass, Alberta, in the southern Canadian Rocky Mountains. The
corridor is in a low-elevation, east-west aligned mountain pass
bisecting the predominately north—south aligned Canadian Rocky
Mountains. The elevation of the region ranges from 1113 m at
the valley bottom to 2804 m at the mountain peaks and is
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characterised by a rapid ecological transition from the prairie to
alpine ecological zones. The complement of large mammals
for the region includes grizzly bear (Ursus arctos), black bear
(Ursus americanus), lynx (Lynx canadensis), cougar (Puma
concolor), wolf (Canis lupus), wolverine (Gulo gulo), elk (Cervus
elaphus), mountain goat (Oreamnos americanus), moose (Alces
alces), mule deer (Odocoileus hemionus), white-tailed deer
(Odocoileus virginianus), and Rocky Mountain bighorn sheep
(Ovis canadensis).

In this region, Highway 3 is a 45 km long, two-lane paved
road, supporting between 6000 and 9000 weighted average
annual daily vehicle traffic. The highway connects six small
settlements (ranging in size from 100 to 1500 people) and is a
major trucking and commuter route between Alberta and British
Columbia. Most of the region is managed for multiple values,
including resource extraction, agriculture, human settlement,
and tourism that includes both motorised and non-motorised
recreation. The lower-elevation lands parallel to the highway are
predominantly privately owned, with some government-owned
crown land. The lower valley connects crown forest reserves and
protected areas to the north and south. The Crowsnest Pass is
recognised as a key wildlife linkage zone at a local and
transboundary scale (Apps et al. 2007; Weaver 2013). Highway
3 bisects this critically important landscape for a variety of large
mammal species (McKelvey et al. 2011; Proctor et al. 2012).

Site selection for road and walking surveys

Animal-vehicle collisions are common along Highway 3 and
involve a diversity of large-bodied mammals, with deer species
being the most common. Road sections with a high number of
AVCs (identified in Clevenger et al. 2010) and animal con-
nectivity models were reviewed to identify nine mitigation
emphasis sites (MES) where road mitigation measures would
improve motorist and wildlife safety (Fig. 1; Apps 1997; Apps
et al. 2007; Chetkiewicz 2008; Chetkiewicz and Boyce 2009;
Clevenger et al. 2010). Two of the sites, Rock Creek and
Emerald Lake MESs, have also been prioritised by Alberta
Transportation for road mitigation. In addition to the two pri-
ority MESs, a third site, Iron Ridge, was selected as a control site
where no road mitigation measures are being planned.

All three MESs occur in the montane natural subregion of
Alberta, occurring in a lower-elevation valley consisting of
moderately dry south- and west-facing slopes vegetated by open
forests or grasslands. Open forests typically include lodgepole
pine (Pinus contorta), Douglas fir (Pseudotsuga menziesii),
trembling aspen (Populus tremuloides) and white spruce
(Picea glauca) as pure or mixed stands. Grasslands are also
common on moderately dry south- and west-facing aspects and
include mountain rough fescue (Festuca campestris), Idaho
fescue (Festuca idahoensis) and Parry’s oatgrass (Danthonia
parryi; Alberta Sustainable Development 2008).

At each MES (Rock Creek, Iron Ridge, Emerald Lakes), we
established three walking transects, parallel to, but off the road
surface, 1000 m long. Each transect was separated by 50 m to the
north and south of the highway, except where limited by terrain
(see Fig. 2 for Rock Creek transects). For example, on the
northern side of Iron Ridge, we established only two walking
transects (1000 m) separated by 50 m intervals. A third transect
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Fig.1. Highway 3 study area in Alberta, Canada. The study included nine mitigation emphasis sites (MESs) collected by road crews from vehicles
(orange dots) and three MESs with walking surveys (red arrows).
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Fig. 2. Example of walking transects along Highway 3 (white dashed lines) at the Rock Creek mitigation emphasis site (MES) on
northern side of Highway 3, Alberta, Canada. Three parallel transects each 1000 m long and separated by 50 m.

was not included on the northern side because of dense tree  using a visual scan. Areas with complex topography and tree
cover that was inhospitable for surveying. An observer reported ~ patches caused some variability in line of sight along transects,
animal carcasses up to 10 m on either side of the transect by  potentially leading to missed animal carcass detections.
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The majority of transects were difficult to see from the road,
owing to terrain complexity and vegetation. Species presence
for all three MESs was similar, including white tailed deer, mule
deer, moose, elk, black bear, grizzly bear, wolf, cougar and
coyote. The Emerald Lake MES also included bighorn sheep.

Animal-carcass road and walking surveys

Animal carcass data were acquired from two sources, namely,
by road maintenance clean-up crews during regularly driven
road surveys and by citizen scientists walking designated sur-
veys at the three MESs.

Road maintenance clean-up crews reported animal carcass
data during routine road surveys every weekday morning and
late afternoon. From 1997 to 2017, animal carcasses were
recorded on paper forms and then transcribed into a GIS
environment by using local landmarks and distance to mea-
surements (m). Local landmarks are consistently used by
surveyors and were, on average, 250 m apart. It is, therefore,
estimated that accuracy of animal carcasses collected by road
maintenance clean-up crews is within 250 m of a landmark. For
2018, animal carcass data were reported using the Alberta
Wildlife Watch (AWW) smartphone application using GPS for
location information (Alberta Transportation 2017). There
were no duplicate records in road survey data because animal
carcasses were removed by road maintenance clean-up crews
during the survey. To compare with walking surveys, AVC data
were clipped to the spatial distribution of each MES. All three
MESs occur at a local landmark used by road surveyors and,
therefore, observed road survey animal carcasses are assumed
to be accurately associated with each MES.

Citizen scientists reported animal carcasses during walked
surveys at all three MESs. Animal carcasses were recorded using
a smart phone application by 20 citizen scientists that walked
transects once a week for approximately 5 years (20142018
inclusive).

For each animal carcass, citizen scientists reported species,
date, time, and whether the carcass was visible from the road.
Some animal carcasses had deteriorated beyond recognition and
were classified as unknown species. A local project coordinator
trained citizen scientists on data collection protocols, safety
guidelines and the use of the smartphone application. The
coordinator assigned transects to paired volunteers.

Understanding error

We acknowledge possible sources of error associated with
multiple people reporting observations. Risk of error may
increase as a result of multiple observers being involved in
walking surveys, which can lead to double counting animal
carcasses or species identification errors. To address this, par-
ticipant groups (made up of two people for safety) walked the
same transects reducing the number of people surveying at each
MES. For example, Rock Creek south was surveyed by two
groups who participated on alternate weeks. A series of rules
were used to reduce possibility of duplicate records, animal
carcasses reported during walking surveys were compared by
species, date range (within month), and data were plotted spa-
tially to ensure independent records. Citizen scientists were
encouraged to report a species as unknown when not confident in
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the identification. In some cases, photos were taken to aid spe-
cies verification.

Data analysis

To determine the trend in AVCs along Highway 3, animal car-
cass data reported by road maintenance clean-up crews between
1997 and 2018 were summarised per year and linear regression
was used to determine AVC trend over time.

Citizen science data collection started in April 2014 and was
completed in December 2018. Walking survey data were veri-
fied to remove duplicate records and data were removed for the
Emerald Lake MES after September 2016 because road mitiga-
tion measures were implemented there (including fencing tied
into an existing underpass and jump-outs). In addition, from
April through June 2014, animal carcass data reported as bones
were excluded from the walking surveys to account for older
animal carcasses that were likely to have occurred before the
initiation of the project.

Through discussion with local biologists, we determined that
walking surveys should occur at a minimum of once a week to
ensure detection of carcasses before deterioration. However,
surveys were missed sporadically during periods of heavy snow
that prevented citizen scientists from parking safely in desig-
nated areas, or during periods of extremely high fire hazard, such
as in the autumn of 2017 and winter of 2018. To account for
differences in sampling effort among sites, walking surveys
were standardised by multiplying the number of carcasses found
per actual surveys walked with the expected number of surveys
walked.

Previous research has indicated that driving surveys for large
mammal detection should occur at a minimum of every 2 days
(Santos et al. 2011). In our study, road maintenance crews
surveyed the highway twice daily during weekdays, meeting
the minimum survey requirements. In addition, because each
method was designed for adequate carcass detection under the
conditions, we did not standardise for sampling effort between
survey types.

To calculate an injury-bias correction factor, animal car-
casses reported by the road maintenance crews and walking
surveys were both summed for each MES. The summed total
was then divided by road survey data to determine the correction
factor to apply to road survey datasets.

Cost-benefit assessment

We calculated the total cost of AVCs per 1 km road section with
and without the correction factor for a 45 km section of Highway
3, by using a published cost-benefit model (Huijser ef al. 2009).
The model estimated the cost of an AVC for large-bodied
ungulates such as a deer (US$6617), an elk (US$17483), and
a moose (US$30760) in 2007 USS values (Huijser et al. 2009).
We compared this to the cost per kilometre of investing in road
mitigation measures (i.e. underpass, jump-outs with fencing
estimated to be US$32 457 annually discounted at 7%) to reduce
AVCs (Huijser et al. 2009). The authors calculated a 7% dis-
count rate that was amortised into equivalent annual terms to
account for the asymmetry between cost and benefit elements
over time (Huijser et al. 2009).
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To determine the cost of AVCs per 1 km road section per
year, we used the number of animal carcasses reported during
road surveys and calculated the average AVC for each species
on the basis of a 5-year time-period (2014-2018). We included
all large-bodied ungulates, namely, white tailed deer, mule deer,
elk, moose and bighorn sheep. For each 1 km road section, we
multiplied the cost of collisions of the specific species as
provided by Huijser et al. (2009) to that species average number
of AVCs and then summed among species to determine the total
annual cost of AVCs. We applied the average cost of a collision
of a deer to bighorn sheep as a conservative estimate of societal
costs from collisions with bighorn sheep, because this species
was not included in the study of Huijser et al. (2009). All other
large-bodied species, such as carnivores recorded in AVCs,
were not included in the model because collision costs for
carnivore species are not currently available. Collision cost
estimates are conservative because AVCs involving carnivore
species are not included. So as to determine the difference in
collision costs before and after applying the correction factor,
we adjusted each species total per 1 km by multiplying the AVCs
for each species by the correction factor, and then multiplying by
the species estimated collision cost.

The resulting collision cost per 1 km was graphed to highlight
the difference with and without the correction factor, and we
then compared collision costs to the cost threshold for investing
in an underpass, jump-outs and fencing, so as to document any
change in the number of 1 km road sections where road
mitigation is cost-effective.

Results
AVC trends and correction factor

Over the past 20 years, road maintenance clean-up crews have
reported 2385 animal carcasses along Highway 3 resulting from
AVCs. We found a significant increasing trend in annual AVCs in
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Fig.3. Total number of animal-vehicle collisions from 1997 to 2018 along
Highway 3, Alberta, Canada, from Lundbreck, Alberta to the Alberta—
British Columbia provincial border.
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our study area from 1997 to 2018 (+* = 0.36, P = 0.003; Fig. 3).
The species reported in the AVC data included white tailed deer,
mule deer, elk, moose, bighorn sheep, black bear and grizzly bear.

The number of animal carcasses detected per year at each
MES from road and walking surveys are shown in Tables 1-3.
Animal carcasses recorded at MES during walking surveys
include deer species, elk, cougar and bighorn sheep. Deer
species were most common at Rock Creek and Iron Ridge,
whereas bighorn sheep were most common at Emerald Lake. To
account for the difference in walking survey sampling effort, we
calculated the number of carcasses per MES standardised to
walking survey effort (Table 4).

We determined a correction factor applied to road-surveyed
carcass data for large mammals of 2.8 + 0.74 (Table 4), so as to
account for injury bias in traditional road survey datasets. There
was variability among the MESs, with a correction factor of 2.4
at Rock Creek, 3.5 at Iron Ridge and 2.1 at Emerald Lake.

Cost-benefit of road mitigation with a correction factor

The total annual cost of AVCs for the 45 km stretch of Highway
3 from the Alberta—British Columbia border to Lundbreck,
Alberta, is US$1 045 417. With the calculated correction factor
of 2.8, the annual cost increases to US$2927168. To better
understand the implications for cost—benefit of road mitigation,
we compared the total cost of collisions per 1 km with and
without the correction factor applied (Table 5). Without the
correction factor, 10 km of road (representing 22% of the study
area) exceed the cost—benefit threshold for underpass, jump-outs
and fencing on the basis of US$32457 annual cost (7% dis-
counted rate) associated with the mitigation (Fig. 4). With the
correction factor applied, 36 km of road (representing 80% of'the
study area) exceeded the cost—benefit threshold for mitigation of
an underpass, jump-outs and fencing.

In addition, the correction factor increased the number of
neighbouring road sections where road mitigation would be cost-
effective. Without the correction factor, two road mitigation
neighbourhoods (defined as a grouping of adjacent road sections
where road mitigation is cost-effective) were identified. With the
correction factor, six road mitigation neighbourhoods were
identified, ranging from 4 to 10 km long (Table 5, represented
in dark grey).

Discussion

The Canadian road network supports continually increasing traffic
volumes. Traffic on Canada’s National Highway System grew by
18% from 2005 to 2018, increasing the risk of AVCs (Transport
Canada 2018). Along Highway 3 in Alberta, our results show a
statistically significant increase in the number of AVCs over
20 years. Increasing AVCs are a concern to both motorist safety
and maintaining healthy wildlife populations in this important
landscape (Clevenger et al. 2010; Weaver 2013). In rural Alberta,
50% of collisions are due to AVCs, costing the province an esti-
mated C$280 million per year (Alberta Transportation 2017).
Concern for motorist safety and the high cost of AVCs create
strong socioeconomic incentives for transportation agencies to
implement road mitigation strategies. Decision-making associ-
ated with road mitigation measures tends to be driven by identi-
fying road sections with AVC clusters and where cost—benefit
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Fig.4. Annual costs of animal-vehicle collisions per road section (1 km) along Highway 3, Alberta, Canada
(dark grey) and with correction factor applied (black). Threshold 1 represents the costs of wildlife underpass,
fencing and jump-outs based on 3% discounted rate. Threshold 2 represents the costs of wildlife underpass,
fencing and jump-outs based on a 7% discounted rate. The 1-km road sections run along the x-axis from Road
section 1 (Alberta—British Columbia provincial border) to Road section 45 (Lundbreck, Alberta, Canada).

Tablel. Number of animal carcasses recorded during road surveys
and walking surveys at the Emerald Lake mitigation emphasis site,
Alberta, Canada
BHS, bighorn sheep; D, deer; UK, unknown species; TRS, total road survey;
WS, total walking survey

Year Road survey
BHS D UK TRS BHS

Walking survey Total
D UK TWS

2014 2 0 0 2 1 0 0 1 3
2015 1 2 0 3 0 4 0 4 7
2016 1 0 0 1 1 0 0 1 2
2017 2 1 0 3 0 0 0 0 3
2018 2 1 0 3 0 0 1 1 4
Total 8 4 0 12 2 4 1 7 19

Table 2. Number of animal carcasses recorded during road surveys
and walking surveys at Iron Ridge mitigation emphasis site, Alberta,
Canada
E, elk; D, deer; UK, unknown species; TRS, total road survey; WS, total
walking survey

Year Road survey Walking survey Total
E D UK TRS E D UK TWS

2014 0 0 0 0 0 0 4 4 4
2015 0 2 0 2 1 0 3 4 6
2016 0 2 0 2 0 1 0 1 3
2017 0 0 0 0 0 0 0 0 0
2018 0 0 0 0 0 1 0 1 1
Total 0 4 0 4 1 2 7 10 14

Table 3. Number of animal carcasses recorded during road surveys
and walking surveys at Rock Creek mitigation emphasis site, Alberta,
Canada
C, cougar; D, deer; UK, unknown species; TRS, total road survey; WS, total
walking survey

Year Road survey Walking survey Total
C D UK TRS C D UK TWS
2014 0 2 0 2 0 2 1 3 5
2015 0 5 0 5 0 4 0 4 9
2016 0 8 0 8 1 3 2 6 14
2017 0 9 0 9 0 12 0 12 21
2018 0 4 0 4 0 12 1 13 17
Total 0 28 0 28 1 33 4 38 66

assessments justify road mitigation measures. Providing a more
accurate assessment of the number of AVCs equips transportation
agencies to implement effective road mitigation.

Our study demonstrated that AVCs involving large mammals
are underestimated; more animal carcasses were reported during
walking surveys off the road than were reported during road
surveys. These animal carcasses represent error sources in
traditional AVC datasets generated by road surveys, because
of injury bias. In our region of the Rocky Mountains, we suggest
that a correction factor of 2.8 can be applied to road survey
datasets to account for undetected road-kills. Factors affecting
sources of error are not likely to be consistent across sites,
habitat types and/or species guilds and should, therefore, be
assessed by region and species assemblage (Slater 2002). Our
correction factor will not be appropriate for smaller species that
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Table 4. Total number of animal carcasses for road surveys (RS) and walking surveys (WS; standardised WS carcass
data to expected number of surveys) at each mitigation emphasis site to calculate the correction factor (CF)

MES WS sample WS carcass WS sample WS carcass RS carcass CF
expected actual standardised

Emerald Lake 122 6 110 6.7 6 2.1

Iron Ridge 260 10 228 11.4 4 3.9

Rock Creek 259 38 250 39.4 28 2.4

Average CF 2.8

are harder to detect and whose carcasses persist for shorter
periods of time, for example, small mammals, amphibians and
reptiles (Santos ef al. 2011; Degregorio et al. 2011; Santos et al.
2016). We recommend that in regions with different habitat
types and species guilds, similar studies be conducted to deter-
mine a correction factor for AVC data collection and cost—
benefit analyses.

Although our correction factor is specific for our landscape,
our general result that traditional roadside AVC counts are
underestimates applies to other landscapes and species assem-
blages. Improving methods should improve existing systems to
account for animal carcasses observed off the road right of way.
Alternatively, in areas where animal carcass visibility from the
road surface is limited, the survey methodology presented here
could improve estimate accuracy.

We found some variability among the MESs in our study area,
ranging from a correction factor of 2.1 to 3.5. This highlights the
importance of including multiple study sites in correction factor
assessments. All three sites offer limited visibility to the sur-
rounding landscape from the road surface, occur in similar
vegetation communities and have similar traffic volumes and
speed limits. The variability could be partially attributed to
differences in species diversity at each MES; although all three
sites reported deer AVCs, bighorn sheep occur only at the
Emerald Lake MES and elk occur most commonly at Iron Ridge
MES. Although there is some species diversity among the MESs,
our study was not able to assess species responses to AVC injury
bias because of the low numbers of large mammal species (other
than deer) reported during the study at all three sites.

Our analysis was dependent on detecting animal carcasses
through systematic monitoring by using two different survey
types, namely, walking and driving. Possible detection errors
include carcass persistence rate (how long carcasses remain
visible), overlooked carcasses, removal by predators and/or
difference in survey protocols (Santos et al. 2011, 2016).
In the present study, the two survey methodologies (road vs
walking surveys) differed in temporal resolution; road surveys
were undertaken twice daily, whereas walking surveys occurred
at ~7-day intervals on the basis of assumed differences in
carcass detection probabilities. Carcass detection while driving
at 110 km h™ ' along a highway was estimated to be lower than at
walking speed; thus, walking surveys were less frequent.

Carcass persistence is dependent on body size and habitat
type or vegetative cover. A study by Santos et al. (2011)
suggested a 2-day interval between surveys on the basis of
large-mammal carcass persistence on road rights-of-way. Our
road surveys took place twice daily and, therefore, occurred

more frequently than recommended, which further improves our
confidence that carcasses on the road were accounted for. A
week between walking surveys was deemed a minimum survey
period appropriate on the basis of expert knowledge and deteri-
oration rates that would enable species identification. However,
many of the large carcasses reported by citizen scientists were no
longer identifiable and were, therefore, recorded as an unknown
species. In addition, the expected number of walking surveys did
not occur because of inclement conditions such as wildfires and
snow events. To address the concern that walking surveys
occurred less frequently than recommended, we normalised
walking survey data to the expected number of surveys across
the three MESs.

In addition, predators occur at all three sites, including
cougar, coyote, wolf, black bear and grizzly bear. All will
scavenge road-killed animal carcasses. It is possible that the
presence of predators may have resulted in an underestimate
of animal carcasses during walking surveys. Our method is
not able to account for this error, nor cases where injured
animals had moved further from the roadway than our walking
survey was designed to detect. Given these limitations, and
the small area covered during walking surveys, we believe our
correction factor is a conservative estimate of injury bias
caused by AVCs.

Our results demonstrated how an injury-bias correction
factor can affect cost—benefit models for road mitigation. Once
the correction factor was applied, cost—benefit analysis sug-
gested that 21 additional kilometres of road in our study area
would qualify for road mitigation, including underpasses, jump-
puts and fencing. Such road mitigation measures have proven to
be effective in reducing AVCs, improving both motorist safety
and animal survival, while enabling animal movement across
roads (Huijser et al. 2008; Rytwinski et al. 2016).

In addition, the correction factor identified six road mitiga-
tion neighbourhoods, ranging in length from 4 to 10 km. A road
mitigation neighbourhood represents longer stretches of high-
way where it is cost-effective to mitigate, and including longer
road sections enables a more comprehensive road mitigation
system to be designed. For example, long sections justify a series
of crossing structures linked by fencing, further reducing the risk
to motorists and wildlife and offering more opportunities for
animal movement across the highway. A larger series of
mitigations has cost efficiencies compared with single or multi-
ple, isolated interventions. Without application of the correction
factor, road mitigation measures along Highway 3 would remain
focussed on few, isolated structures with wing fencing and have
less overall impact on motorist and wildlife safety.
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Table 5. Average annual cost (USS$) of animal-vehicle collisions (AVCs) per 1km road section (based on a 5-year average 2014-2018) with a
correction factor (CF) of 2.8 being applied
Road sections above the cost threshold are in light grey cells and road mitigation neighbourhoods are in dark grey cells

Road section Costs km Costs km ™" with CF

Deer Elk Moose Bighorn sheep Total Deer Elk Moose Bighorn sheep CF total
1 $6617 $0 $0 $1323 $7940 $18528 $0 $0 $3706 $22233
2 $9264 $6993 $6152 $0 $22409 $25939 $19581  $17226 $0 $62 745
3 $18528 $0 $0 $2647 $21174 $51877 $0 $0 $7411 $59288
4 $6617 $0 $0 $10587 $17204 $18528 $0 $0 $29 644 $48 172
5 $25145 $6993 $6152 $7940 $46 230 $70405 $19581  $17226 $22233 $129445
6 $11911 $0 $0 $1323 $13234 $33350 $0 $0 $3706 $37055
7 $22498 $6993 $6152 $1323 $36 966 $62994 $19581  $17226 $3706 $103 506
8 $7940 $6993 $0 $0 $14934 $22233 $19581 $0 $0 $41814
9 $11911  $17483 $0 $0 $29394 $33350 $48952 $0 $0 $82302
10 $7940 $31469 $0 $0 $39410 $22233 $88114 $0 $0 $110347
11 $5294 $27973 $0 $0 $33266 $14 822 $78324 $0 $0 $93 146
12 $10587 $0 $0 $0 $10587 $29 644 $0 $0 $0 $29 644
13 $22498 $6993 $0 $0 $29491 $62994 $19581 $0 $0 $82575
14 $22498 $6993 $0 $0 $29491 $62994 $19581 $0 $0 $82575
15 $21174 $3497 $0 $0 $24671 $59288 $9790 $0 $0 $69079
16 $18528 $0 $0 $0 $18528 $51877 $0 $0 $0 $51877
17 $23821 $0 $0 $0 $23821 $66 699 $0 $0 $0 $66 699
18 $7940 $3497 $0 $0 $11437 $22233 $9790 $0 $0 $32024
19 $19851 $0 $0 $0 $19851 $55583 $0 $0 $0 $55583
20 $6617 $0 $0 $0 $6617 $18528 $0 $0 $0 $18528
21 $15881 $0 $0 $0 $15881 $44 466 $0 $0 $0 $44 466
22 $11911 $0 $0 $0 $11911 $33350 $0 $0 $0 $33350
23 $10587 $0 $0 $0 $10587 $29 644 $0 $0 $0 $29 644
24 $5294 $0 $6152 $0 $11446 $14822 $0 $17226 $0 $32048
25 $6617 $0 $0 $0 $6617 $18528 $0 $0 $0 $18528
26 $26468 $0 $0 $0 $26468 $74110 $0 $0 $0 $74 110
27 $15881 $0 $0 $0 $15881 $44 466 $0 $0 $0 $44 466
28 $19851 $0 $0 $0 $19851 $55583 $0 $0 $0 $55583
29 $19851 $0 $0 $0 $19851 $55583 $0 $0 $0 $55583
30 $21174 $0 $0 $0 $21174 $59288 $0 $0 $0 $59288
31 $21174 $0 $0 $0 $21174 $59288 $0 $0 $0 $59288
32 $29115 $0 $6152 $0 $35267 $81521 $0 $17226 $0 $98 747
33 $15881 $3497 $0 $0 $19377 $44 466 $9790 $0 $0 $54257
34 $26468 $0 $0 $0 $26468 $74 110 $0 $0 $0 $74110
35 $10587 $0 $0 $0 $10587 $29 644 $0 $0 $0 $29 644
36 $35732 $0 $0 $0 $35732 $100 049 $0 $0 $0 $100 049
37 $13234 $0 $0 $0 $13234 $37055 $0 $0 $0 $37055
38 $25145 $0 $12304 $0 $37449 $70405 $0 $34451 $0 $104 856
39 $13234 $0 $0 $0 $13234 $37055 $0 $0 $0 $37055
40 $67493 $0 $0 $0 $67493 $188982 $0 $0 $0 $188982
41 $10587 $0 $0 $0 $10587 $29 644 $0 $0 $0 $29 644
42 $54259 $0 $0 $0 $54259 $151926 $0 $0 $0 $151926
43 $37055 $0 $6152 $0 $43207 $103 755 $0 $17226 $0 $120980
44 $19851 $0 $0 $0 $19851 $55583 $0 $0 $0 $55583
45 $21174 $0 $0 $0 $21174 $59288 $0 $0 $0 $59288

Total $1045417 $2927168
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