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Executive Summary 

Enhancing the efficiency, sustainability, and safety of AlbertaɅs highways by 

systematically identifying priority road sections for mitigation measures  to 

improve wildlife movement and reduce Animal Vehicle Collisions. 

 

The intersection of  wildlife and people on highways raises two critical issues : impacts of 

roads on the movement and mortality of wildlife , and risks to people from animal vehicle 

collisions (AVCs). In Alberta, as in many areas, t hese two issues are addressed by different 

government agencies, with Alberta Transportation  (AT) mandated to  address motorist 

safety and Alb ert a Environment and Parks  (AEP) mandated to  manage  AlbertaɅs wildlife. 

AVCs are responsible for ~50% of all vehicle collisions  in rural areas,  and therefore 

represent an important human  safety  concern.  AEP has several policy objectives relating to 

maintaining wildlife connectivity in support of species recovery and biodiversity 

management goals.   

 

There is a need to better understand wildlife  connectivity in a r egional context across the 

highwa y network in the South Saskatchewan Region , identify areas of human safety risk , 

and prioritize highway sections where mitigation solutions should be implemented  to meet 

both human safety and wildlife conservation outcomes . To meet these needs, a coupled 

AEP-AT decision support tool was developed that incorporates wildlife issues into future 

road development and highway upgrade projects, and links transportation planning into 

AlbertaɅs land use planning process. 

 

We developed an AVC Risk Index using RCMP records of animal carcasses from AVCs along 

roads in the South Saskatchewan Region . This index  enabled the identification of highway 

sections with a  high human safety risk. We developed f unctional connectivity models for 

four focal species  (pronghorn, rattl esnake, grizzly bear,  and  mule deer ) and species-neutral 

structural connectivity model using ArcGIS Linkage Mapper  software , and then derived 

Connectivity  Value Indices for  highway section s by extracting values from the connectivity 

model outputs . We compared AVC Risk Indices and Connectivity Value Indices to determine 

whether and where priority locations for these two factors overlap  at two spatial scales: (1) 

traffic  control  sections  (TCS) representing areas with similar traffic volumes  that are c reated 

by AT and are useful for informing priority areas for highway upgrades and mitigation; and 

(2) kilometer section s, which could inform mitigation assessments occurring on specific 

sections of Alberta highways.  

 

We explored different scenarios  for combining the AVC Risk Indices and Connectivity Value 

Indices by using a weighted averag e approach  that allowed greater emphasis on either 

human safety or wildlife connectivity value .  
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We hosted a  stakeholder workshop  in which  we used an  Analytical Hierarchy Process  (AHP) 

to establish  weights  that  reflected participantsɅ collective opinions on the relative 

importance of AVC risk and wildlife connectivity v alue. Participants heavily weighted human 

safety risk over wildlife connectivity , with AHP weights of 88% and 13% respectively. In 

addition , workshop partici pants equated connectivity values  with a heavy emphasis on 

structural connectivity (54%), which represents areas of flow between natural habitat 

patches remaining on the landscape , over functional connectivity for individual species of 

conservation concern, such as grizzly bear (17%), pronghorn (12%) , and rattlesnake (5%).  

 

Using the AHP-derived weights, we identified 129 TCSs (12% of the highway network in the 

South Saskatchewan Region) as priorit ies for mitigation.   

 

 
 

The process and results identified the following recommendations  for consideration by AT  

and AEP:  

 

ü Road sections with the highest AVC Risk Index values were most common on the 

fringes of urban centers , where a combination of high traffic volume and abundant 

deer populations intersect to create a Ʉperfect stormɅ of risk to human safety. ϥt is 

important to consider additional methods for prioritizing mitigation sections 

because these areas may not be important ecologically  despite having many 

recorded AVCs.  
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ü The AVC Risk Index, when normalized by traffic volume , identified road sections 

along the highway network  where animals cross most frequently  and may be 

imp ortant from an ecological perspective to maintaining biodiversity. In addition 

these areas represent sections  of higher risk of each car being involved in an AVC.  

 

ü Road sections with high Ungulate Vehicle Collision Index  and those with high 

Structural Connectivity  Value Index exhibit ed minimal spatial overlap. This is an 

important consideration  because mitigation decisions have traditionally been based 

on relative  AVC risk of highway sections . AT does consider wildlife connectivity , but 

as a secondary f actor once statistically -significant AVC clusters have been identified. 

This finding emphasizes the importance of AEP, with its policy objective of 

maintaining wildlife connectivity, being  actively engaged in and pro -actively 

supporting transportation plan ning where wildlife management issues are impacted 

by AlbertaɅs highway network. 

 

ü Workshop participants, through an Analytical Hierarchy Process , assigned much 

greater weight to human safety than to wildlife connectivity  concerns, likely due to 

the impress ion that investment in mitigation will be driven primarily by ATɅs human 

safety mandate. However, roads may have a significant impact on wildlife via direct 

mortality or avoidance behavior by species sensitive to road  disturbance . Thus, 

ensuring safe passa ge of wildlife across roads is an important strategy  for  

maintaining biodiversity and protecting species at risk . Public education and 

science-policy translation regarding the need for investments in mitigation in 

support of biodiversity and species -at-risk recovery planning is urgently needed.  

 

ü Workshop participants identified  structural connectivity as the most important 

connectivity component for  wildlife conservation and management  concerns, likel y 

because this model is species -agnostic and represents areas important for 

biodiversity  in highly fragmented landscapes . It may also be easier for the public to 

understand the concept of maintaining natural habitat  than the concept of  dispersal 

corridors for individual species . Particip ants suggested that the  structural 

connectivity model be expanded to the provincial scale and incorporated into 

Alberta Wildlife Watch mapping products to help inform transportation planning.  

 

ü Further exploration is needed regarding mitigation investment for species at risk in 

areas where roads have been identified as a key impact.  Products from this 

assessment may suggest  where to focus fine r-scale research to better inform 

transportation planning.  

 

ü The decision support tool should  be integrated into exi sting planning processes by 

AT and AEP and updated  as new data become available, new modeling methods are 

developed, or additional geographic areas are considered .  
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ü Direct engagement among AT and AEP  staff and the broader scientific and 

conservation commu nities would help to ensure that these goals are realized.  
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1.0 Introduction  

Enhancing the efficiency, sustainability, and safety of AlbertaɅs highways by 

systematically identifying priority road sections for mitigation measures to 

improve wildlife movement and reduce animal vehicle collisions. 

 

Alberta supports an extensive network of transportation infrastructure consisting of 31,000 

km of highway that enables the efficient movement of people and good s (Government of 

Alberta, 2013) . Alberta is also home to the  most dive rse assemblage of  large mammal 

species in Canada, including elk, moose, bighorn sheep, mule deer,  white -tailed deer, black 

bear, cougar, wolf, wolverine, lynx , and the provincially -threatened grizzly bear. M ost of 

these species require large areas for surv ival as they  search for food, shelter , and mates. 

Inevitably, these movements bring animals into contact with roads and, too often, the 

vehicles driving on them .  

 

The intersection of  wildlife and people on highways raises two critical issues:  

1. The impact o f roads on the movement and mortality of wildlife; and  

2. Risks to people and vehicles caused by collisions with wildlife.  

 

Many species of wildlife avoid crossing roads, creating movement barriers across the 

landscape  (Frissell & Trombula k, 2000). These barrier effects reduce the amount of habitat 

available to animals, alter predator -prey interactions, and can reduce the viability of 

populations through genetic and demographic isolation  (Forman et al., 2003) . For some 

taxa, such as large carnivores, mortality from vehicle collisions is often the leading cause of 

death  (Alberta Environment and Parks, 2016a, 2016b) . As such, roads can pose a major 

hurdle to wildlife manag ement and conservation objectives.  

 

Human  safety is also compromised by animal -road interactions. Across Canada, 

approximately  six large mammals are involved in an AVC  every hour (L-P Tardif and 

Associates Inc., 2003). AVCs in Alberta represent approximately 50 percent of all reported 

vehicle accidents on provincial rural highways and result in an average of five human  

fatalities each year  (Alberta Transportation, 2017) . Alberta Transportation estimated that 

the annual c ost of AVCs across the province may have surpassed $280 million per year  

(2015 dollars) (Alberta Transportation, 2017) . 

 

Highway mitigation is a widespread and highly  effective means to resolve issues of road -

wildlife interaction. Mitigation may involve making drivers more alert (e.g., animal detection 

systems, variable message signs), separating wildlife and motorists (e.g., exclusion fencing, 

crossing structures such as overpasses and underpasses), and modifying animal behavior 

near the road (large boulder fields, vegetation manipulation)  (Bissonette & Rosa, 2012; 

Huijser et al., 2008) . However, because mitigation measures are both expensive and often 

fixed (i.e., not portable), it is critical that they are strategically implemented to maximize 
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retu rn on investment for both wildlife and transportation agencies  (Ford, Clevenger, 

Huijser, & Dibb, 2011) . It is not always clear when and where different government 

agencies share priorities. For example, a recent study in Montana found that highway 

sections with high value for wildlife connectivity (e .g., for rare carnivores) and highway 

sections with high risk of AVCs rarely occurred in the same place (McClure & Ament, 2014) .  

 

In Alberta, rural highway mitigation  without a planned highway upgrade is in place or is 

planned for sections of Highway 3 in the Crowsnest Pass  area, and Highway 1 near 

Canmore. These efforts are complementary to Parks C anadaɅs effort to create over 90 km 

of highway mitigation (fencing and crossing structures) within Banff National Park. While 

these efforts demonstrate AlbertaɅs leadership in resolving road-wildlife interactions, it is 

not clear if these specific highway sections are the most important priority at the province -

wide scale. For example, collisions with deer may be more common on the fringes of urban 

centers, where a combination of high traffic volume and abundant deer populations 

intersect to create a Ʉperfect stormɅ of risk to human safety. Likewise, connectivity models 

often link patches of non -disturbed areas to identify areas that are important for wildlife 

movement. This ɄstructuralɅ perspective of connectivity may approximate animal movement 

in areas wi th high  amounts of human disturbance (i.e., southern  Alberta), where  the vast 

majority of the landscape  has been transformed by agriculture and urban development. 

These rural landscapes are occupied by both people and a diverse array of carnivores, 

ungulates, and other w ildlife. At the regional scale , measures of connectivity must account 

for the way animal s actually use different types of habitats depending on the landscape 

context.  

 

ϥn spite of AlbertaɅs demonstrated leadership in creating safer roads and more connected 

landscapes, there has been no systematic planning and prioritization of highway mitiga tion 

at the regional or province -wide scale. Indeed, to our knowledge, such comprehensive 

planning has not bee n undertaken anywhere in Canada.  The timing is ideal for Alberta to 

continue leading Canada in the management of safe, efficient, and sustainable highways.  

 

1.1 Alberta Perspective 

The Government of Alberta has the responsibility and authority for the protection and 

management of wildlife on all land in Alberta, irrespective of whether these lands are 

owned by the Crown or by private  inte rests. The Government of Alberta  is also responsible 

for contributing to Albertans Ʌ economic prosperity and quality of life by providing a safe 

and efficient transportation network.  As in most jurisdictions, the  wildlife  populations and 

transportation network of Albe rta are managed by different government departments , 

which have distinct management priorities, planning areas, budgets, and expertise.  

 

Alberta Environment  and Parks (AEP) manage  AlbertaɅs wildlife , and recognize  the key role 

connected habitats play in protecting biodiversity. For example, th e South Saskatchewan 

Regional Plan indicates  that wildlife habitat across and within land -use planning regions is 
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an important strategy for maintaini ng and protecting biodiver sity (Alberta Government, 

2014). In addition, maintaining wildlife connectivity has been identified as an important 

strategy in the recovery plans  for threatened or endangered species.  For example , the 

grizzly bear  recovery plan highlights the importance of maintaining regional connectivi ty 

between designated  grizzly bear population areas (Alberta Environment and Parks, 2016a) . 

Recently, AEP released a draft Biodiversity Management Framework for the So uth 

Saskatchewan Region and identified a fragmentation index as one of their indicators  to 

monitor biodiversity . Lastly, AEP has developed ɄRecommended Land Use Guidelines Ʌ for 

specified wildlife and biodiversity zones in Alberta . These guidelines argue fo r the 

protection of locally - and provincially -significant wildlife movement corridors (Environment 

and Sustainable Resource Development 2015).  Our  report will help  meet several of these 

policy objectives by identifying where connectivity across AlbertaɅs road network is needed 

to support AEPɅs biodiversity management goals.   

 

Alberta Transportation (AT)  manage s highways, with a top priority to enhance human 

safety.  Animal vehicle collisions  (AVCs) are responsible for 50 % of all vehicle collisions  in 

rural areas,  and represent an important motorist  safety concern (Alberta Transportation, 

2017). In addition to considering AVC hotspots  (areas of high A VC risk), Alberta 

Transportations Business Plan 2015-2020 identified as a policy initiative to Ɉcreate and 

implem ent a Transportation Strategy to develop a multi -modal system that will support a 

strong economy, a high quality of life and a healthy environment for all Albertans to meet 

growing urban and regional transportation needs.ɉ We suggest that a healthy environ ment 

includes maintai ning  wildlife connectivity , reducing A VCs, and enhancing the safety of 

people.  

 

There is a need to better understand habitat connectivity in a regional context across 

Alberta, identify highway sections with  high AVC rates , and prioriti ze highway sections 

where mitigation solutions should be implemented. T o meet these needs, a coupled AEP -

AT decision support tool was developed that incorporated  wildlife issues into  future road 

development and highway upgrade projects  and link ed transportation planning into 

AlbertaɅs land use planning process and wildlife management priorities .   

 

1.2 Project Purpose and Objectives 

Our overall  goal was to  provide a decision support tool to  improve wildlife connectivity, 

increase motorist safety , and reduce wildlife mortality throughout  AlbertaɅs highway 

network  in the South Saskatchewan Region . We sought  to  identif y priority traffic control  

sections  and kilometer sections where  mitigation  could help meet the distinct and shared 

management objectiv es of AT and AEP. Meeting th is goal required  an assessment  of 

wildlife connectivity, analysis of  AVC distribution , and inter agency cooperation for  

developing and implementing solutions . 

 

Specifically, we identified four objectives required to meet our goal: 
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1. Identification and prioritization of road sections with high wildlife connectivity value;  

2. Identification and prioritization of roa d sections with a high risk of A VCs; 

3. Identification of where these two conditions intersect, or complementary sets of 

pr iority sites if overlap is poor;  and  

4. Multi -departmental engagement by the Government of Alberta throughout the  

process, including model design and evaluation.  

 

 

2.0 Approach  

To develop a decision support tool for agencies to improve human and wildlife s afety along 

AlbertaɅs highway network, we worked with agency personal from AT, AEP, and several n on-

government al organizations  (NGOs). Our approach included three key steps:  

 

1. Scoping Workshop 1 : We convened a meeting of stakeholders to provide direction 

on project scope , including outcomes, modeling approach, species  of interest,  and 

study area  [Lethbridge AB, April 2016].  

 

2. Connectivity modeling and A VC risk analysis : We identified  high -priority highway 

sections for improv ing the safety of wildlife and humans  by developing indices  for : 

ü landscape connectivity among  areas of high natural integrity;  

ü species-specific functional connectivity; and  

ü human safety risk (based on frequency of recorded AVCs).  

 

These indices  were  compared and analyzed to identify areas of alignment between 

wildlife connectivity value and motorist  safety concerns, where mitigation could 

improve connectivity and/or reduce human safety risk .  

 

3. Stakeholder Workshop  2: The connectivity modeling and A VC risk analysis results 

were  presented to staff from AT, AEP, and several conservation NGOs  to facilitate a 

discussion around prioritizing road section . Prioritization tools such as the Analytical 

Hierarchy Process were  used to help guide  and formalize decision -making  [Calgary 

AB, December  2018].  

 

AVC and connectivity data and model outputs  were displayed visually at the workshop (and 

made available beforehand) using the online mapping platform Data Basin to enable 

participant s to interactively view geospatial data resulting from ana lyses. In addition , layer 

packages of all products  have been provided to AT and AEP.  
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3.0 Scoping Workshop 1 

In April  2016, a Scoping Workshop  was held in Lethbridge, Alberta , that incl uded AT and 

AEP staff, project partners , and invited NGOs .  The workshop was designed to discuss the 

following project characteristics : 

ü Desired outcome s (e.g. generic identification of corridors, ranked/ordered, most 

useful  metrics from a planning perspective) ; 

ü Preferred modeling approach es;  

ü Selection of species for connectivity modeling ; and   

ü Availability of A VC data. 

 

The workshop discussion was used to guide the methodology for the next phase of the 

project . Key insights and decisions resulting from this workshop included : 

ü The project should s tart with a pilot area of the South Saskatchewan Region , with 

the understanding that the process be designed to scale up to other planning 

regions in the future . 

ü There is value in modeling both natural integrity of the landscape  and species -

specific connec tivity.  

ü Species selection for connectivity modeling should  be based on the following 

criteria : (1) species is of management concern (species at risk or species at high risk 

of collisions resulting in social and economic impacts) ; (2) empirical baseline dat a 

are available or expert knowledge is well established for the species ; and (3) species 

composition  is representative of study area . Species meeting these criteria include 

grizzly bear , mule deer , pronghorn , and rattlesnake.  

ü Where appropriate , mode ls shou ld consider resource patches developed as a result 

of the SSRP planning process, such as areas of high biological diversity value 

identified in  the  Biodiv ersity Management Framework.  

ü Criteria for prioritiz ing highway sections could include species of management 

concern, human safety risk, land security (ownership), highway type (based on 

classification levels 1 -4), mitigation potential , and policy level considerations.  

ü Results should be presented as a  decision support tool that includes spatial datase ts, 

reports , and presentation material to support decision making in relation to 

regional, environment al, and transportation planning, and should inform where 

highway mitigation is needed.   

ü Project success should be assessed based on successful developmen t of outputs, 

use of outputs in transportation and environment planning and decision making , 

and implementation of successful mitigation projects.   

 

Appendix A contains full minutes from the scoping workshop . 
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4.0 Wildlife Connectivity Modeling  

Landscape connectivity is the degree to which the  landscape facilitates or impedes animal 

movement between resource patches that meet an animal Ʌs needs to live ( e.g., food, water, 

mates).  Maintaining a connected landscape is a key strategy for maintaining biodiversi ty 

and a healthy , functioning ecosystem. Because species have different biological 

requirements and respond to landscape features in different ways, connectivity is an 

inherently species -specific characteristic of a landscape. Therefore a challenge to 

iden tifying connectivity for a landscape such as the South Saskatchewan Region is the need 

to model for a representative set of species. Ideally, species -specific landscape connectivity 

modeling is based on empirical data to inform modeling parameters such as location and 

size of resource patches, travel distance, and response to anthropogenic features within  

the landscape.  

 

The Scoping Workshop supported the need to represent a broad range of species in our 

connectivity models ɀ see Appendix A for table of sp ecies to be considered. Final species 

selection was based on partner discussion with AEP staff to determine availability of 

empirical data, species that are representativ e of the  region , and the role the species plays 

in helping the project meet the objectives of addressing roads from a species conservation 

and/or human safety risk  (Table 1). 

 
Table 1: Species functional c onnectivity models . 

Species  Spatial coverage  Role  

Mule deer  All of study area  

Human  safety risk: p redominant species 

involved in A VCs  

Grizzly bear  Western foothills   

Species conservation: threatened in Alberta, 

prone to road mortality  

Pronghorn  Eastern ɀ prairie  

Species conservation and human safety risk: 

sensitive to high -volume roads as barrier s to 

movement, and involved in A VCs 

Rattlesnake  Eastern ɀ prairie  

Species conservation : sensitive species in 

Alberta, prone to road mortality (Alberta 

Environment and Parks, 2016b)  

 

Species-specific empirical data needed to develop connectivity models  are often limited in 

scale and temporal extend and in resolution . Nonetheless, it is imperative that landscape 

connectivity is considered and planned for even in regions where species data are limited  

because habitat loss and fragmentation are negatively impacting many species and 

populations . Structurally  connected landscape s are more lik ely to facilitate abiotic and 

biotic processes than highly fragmented landscape s, an observation that has led many  
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recent connectivity studies to use the degree of human modification of the landscape (or, 

inversely, landscape naturalness or integrity)  as an indicator of the landscapeɅs overall 

resistance to ecological flows , including animal movements  (Quinn, Pina Poujol, Tyler, & 

Chernoff, 2014 ; Theobald, Reed, Fields, & Soulé, 2012).  This approach is particularly 

applicable to situations in which data are sparse and inferences about connectivity are 

desired for a large and diverse community of species.   The South Saskatchewan Region is a 

large landscape with a diversity of habitat types and species , and we therefore used this 

naturalness -based approach to model structural connectivity and provide additional 

species-agnostic connectivity information that complements the species -specific 

infor mation provided by models for focal species.  

 

4.1 Wildlife Connectivity Methods  

Connectivity models can be useful for identifying locations where important habitat 

linkages or species dispersal corridors intersect  roads, which may be high -priority locations 

for mitigation  measures  (Dickson et al., 2018) . Recent attention has focused on the use of 

landscape resistance models , which represent the hypothesized relationship between 

landscape characteristics and the cost of movement thro ugh the landscape,  to guide 

highway mitigation efforts ( Landguth et al. 2013 ). Resistance-based connectivity models 

can identify broadly important corridors for large, landscape scale processes  and 

movements of many species, or they can use detailed inform ation to model optimal 

corridors for individual species with distinct needs and behaviors  (Cushman, Lewis, & 

Landguth, 2013; Leonard e t al., 2016). Linkage Mapper  (McRae, Dickon, Keitt, & Shah, 2008)  

is a flexible analytical tool for modeling many types of connectivity, and we used this tool, 

along with existing connectivity model outputs from previous studies, to understand where 

wildlife connectivity intersects with highway network .  

 

Linkage Mapper requires development of two datasets  as inputs:  (1) a resistance surface, 

and (2) a set of focal nodes represent ing locations among which animal movement is to be 

modeled . We made use of existing data and models wherever p ossible  when developing 

landscape resistance surfaces for focal species . Table 2 lists these focal  species and key 

data sources and characteristics of resistance surfaces  develop for each.  To develop focal 

nodes used in models for mule deer, rattlesnake , and structural connectivity,  the South 

Saskatchewan Region was subdivided into a ɄmeshɅ by the primary and secondary highways 

(red lines); meshes greater than 500 km 2 (which approximated the 9 0th percentile of patch 

sizes) were selected (yellow polygons) ( Figure 1); and source nodes for the connectivity 

analyses were placed at the centr oids of these large polygons ( Figure 2). Connectivity 

model outputs were already available for pronghorn and thus  did not require us to develop 

resistance surfaces or foc al nodes. Additional detail on each connectivity model is provided 

below.  
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Figure 1: South Saskatchewan Region highway mesh polygons greater than 500  km

2
.  

 
 

 

 

 

 

 

 

 

 

 

Figure 2: Focal nodes (black triangles) based on mesh centroids.  

 
Table 2: Methods summary for connectivity models.  

Taxa  

 

Study 

area  

Resistance layer  Roads (1) Nodes (2) Layers  

Grizzly bear  Western - 

foothills  

Inverted resource 

selection function 

(RSF) from Neilson 

et al. 2007  

Explicit ɀ 

same coding 

values as 

structural 

layer  

Habitat 

security 

patches 

derived from 

Lee et al. 2017) 

The mean  of  

pre -, during -, 

and post -berry  

seasons 

 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS
User Community


