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Executive Summary  

Highway 68 in southwestern Alberta may undergo f uture upgrades including paving gravel 

sections to facilitate increased traffic from recreational pressures. The highway runs 

through the Rocky Mountain Forest Reserve with access to a number of small Provincial 

Recreational Areas (PRAs) between Trans -Canada Highway and Highway 40. Paving would 

take place from the intersection of Highway 40 to the existing paved section of Highway 68 

just east of Camp Cadicasu. An upgrade of this type will result in higher traffic volumes and 

increased travelling speeds, an d subsequently have significant impacts on wildlife. Black 

and grizzly bears, elk, deer and moose, other smaller mammals  and amphibians are  

currently found in  the area thus  highway mitigation  measures  to facilitate road crossings 

for  wildlife  would need to  be considered as part of  any future upgrade of Highway 68.  

 

The principle goal for this study was to develop and implement an assessment of  wildlife 

movement patterns along the Highway 68 corridor , and from these findings  provide 

recommendations on  the key locations where  mitigation would need to take place  should 

an upgrade project occur.  

 

To determine wildlife crossing patterns on Highway 68, we undertook a 20-month  wildlife 

study with the following  methods and  components:  

ü Remote camera detections  of species distributions ; 

ü Snow-tracking surveys; 

ü Connectivity modeling for grizzly bear and moose; and   

ü Amphibian and reptile surveys.  
 

Wildlife Patterns along Highway 68 

Remote camera monitoring occurred at 24 locations along Highway 68 from  May 2017 

throug h December 2018. During the 20 -month period  there were 4829 photographs of 

wildlife events, of which 82% (n = 3977) were ungulates, 15% (n = 739) were carnivores, less 

than 1.9% were lagomorphs (n=94) and birds (0.18%; n=2). A total of 18 species were 

dete cted at the camera sites.  

We completed five  snow -tracking  days in 2018 resulting in an increase in winter crossing 

observations and included detections of coyote, cougar, moose, bobcat and wolf.  

Camera and snow -tracking detections were used to determine species rate of activity per 

km/day in the  Highway 68 study area. To address both transportation and resource 

management issues we developed two key synthesis layers to help inform 

recommendations for mitigation:  motorist safety risk (based on sum of mule deer, white 

tailed deer, elk and moose detection rates ) and conservation concern (based on grizzly bear, 

cougar and wolf detection rates ).  
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To better understand how animals need to move around the landscape, we developed 

connectivity  models for both moose  (winter) and grizzly bear (three seasons) using 

Circuitscape connectivity modeling software. Connectivity models were used to better 

understand how wildlife move around the landscape including  across Highway 68. To 

enable synthesis with camera and snow -tra cking detection rates, we calculated the average 

connectivity value per km section using a 250  m buffer. Results indicated a substantial 

portion of Highway 68 is important for movement, as connectivity modeling indicated 

wildlife movement at multiple locat ions. For example, 50% of the highway study area is 

represented in the top 50% opportunity for grizzly bear movement in connectivity 

modeling with  54% of the study area is represented in the top 50% opportunity for moose 

movement in connectivity modeling.   

To better understand movement pattern s from multiple species and both transportation 

and resource management perspectives we created a synthesis map for large mammal 

species based on four key layers: motorist safety risk, species of conservation concern, moose 

connectivity value and grizzly bear connectivity value. All the layers were standardized from 0 

to 1, and summed per kilometer to generate a cumulative value.  

 

Amphibian monitoring occurred via five auditory and visual surveys at nine wetland 

locations in 2017 and through the placement of  three  Acoustic Recoding Units (ARUs) in 

2018. We recorded four amphibian species : Chorus frog  (Pseudacris maculate), Wood frog  

(Lithobates sylvatica), Columbia spotted frog (Rana luteiventris) and Western toad (Anaxyrus 

boreas). Columbia spotted frog and Western toad are listed as sensitive species in Alberta.  
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To monitor for reptiles we  placed cover boards at four sites with potential reptile habitat  

along Highway 68 . No reptiles were recorded from  the cover board  survey or incidentally  

during the two year study.  

  

Mitigation Recommendations  

Our main recommendation is to not improve the road ; Highway 68 should remain as a low -

volume road with low vehicle speeds, i.e. maintain the unpaved nature of the highway.  

This is based on the need to reduce regional impacts of increased road density, increased 

habitat fragmentation effects, increased human access off Highway 68 and other highways 

in the region. Road density is a useful surrogate for the negative effects of hum an land use 

on grizzly bear populations, but spatial configuration of roads is also an important factor. 

Two major highways are located near Highway 68, the bustling Trans -Canada Highway with 

more than 35,000 vehicles per day (increasing annually ) during s ummer , and increasing 

traffic on Highway 40 in Kananaskis Country, currently with just under 2000 vehicle per day.  

 

Should the decision be made to improve Highway 68 by paving, we propose a mitigation 

strategy based on cost -benefits and the current scienc e and practice of road ecology.   

 

Large Mammals  

The recommendations for improving motorist safety and wildlife connectivity for Highway 

68 include a total of five different proven or promising mitigation measures.  

 

Mitigation measure  Effectiveness  Type 1 Category 2 

Animal detection system  87% Driver  Promising  

Fencing 86% Separate Proven 

Underpass with waterflow  86% Animal  Proven 

Underpass ɀ wildlife  86% Animal  Proven 

Overpass ɀ wildlife  86% Animal  Proven 

 

Based on the synthesis of wildlife movement p atterns determined during this two year 

study , we propose five Emphasis Mitigation Zones (MEZs) along Highway 68 for consideration 

of mitigation.  
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For large mammals we devised three categories of proposed mitigation structures with the 

following design  criteria : Primary wildlife crossing structure, consisting of a 30 -m wide 

overpass or extended bridge underpass 21 m wide and 3.5 m high; Secondary wildlife 

crossing structure, consisting of an open -span bridge underpass 11 m wide and 3 m high; 

Tertiary wildlife crossing structure, consisting of an open -span bridge underpass, or 3 x 7 m 

metal culvert or concrete box culvert 2.8 m wide x 2.6 m high.  

 

For each MEZ we recommend a mitigation system to address both motorist safety and 

wildlife movement, although  specific locations of recommended mitigation structure s 

require further assessment.  

 

Amphibians  

There are many significant threats to amphibian populations including habitat loss and 

degradation, habitat fragmentation, environmental pollution, disease, climate change, and 

road mortality from traffic or entrapment in road drainage structures . In order to address 

the deleterious effects of roads, transportation agencies have over several decades tried to 

mitigate road impacts by providing dispersal passage s and barrier structures.  

 

Within the  Highway 68 study area the current  highway alignment bisects habitat critical for 

amphibian denning, overwintering, breeding and/ or feeding. Similar to  our 

recommendations for  terrestrial mammal mitigation, the general  objective is to connect 

important habitats  by ensur ing passages and barrier systems are designed for the target 

species to ensure functionality and conservation value. Specific objectives are to: 1) provide 
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single/multi -species passage, and 2) provide for  minimum connectivity where Highway 68 

severs habitat and ensure at least some future connectivity of the target species or 

community, to enable at least a minimum amount of connectivity.  

 

Four species of amphibians were detected in the study area that req uires mitigation 

attention : three  species of  frogs (chorus frog, wood frog, Columbia spotted frog) and one 

species of toad (western toad).  We recommend three Emphasis Mitigation Sites (MES) along 

Highway 68 for amphibian mitigation should the highway be up graded.  

 

For each amphibian MES  we recommend a mitigation system to avoid or improve 

connectivity at  specific locations based on the species and current road alignment.  

 

 
 

To better determine the need for Highway 68 upgrading there is a need to understa nd the 

long-term vision for Highway 68 from both Alberta Transportation and Alberta 

Environment and Parks. Currently Highway 68 has a low traffic volume with relatively low 

vehicle speeds, and represents a low risk to motorist safety and wildlife.  The hig hway is 

situated within Rock Mountain Forest Reserve which has high wildlife conservation value, 

but bisects habitat for grizzly bears cougars, wolves, and two amphibian species of concern 

(Columbia spotted frog and Western toad). We encourage further dial ogue on the 

conservation cost -benefits associated with paving Highway 68 as opposed to leaving the 

road unpaved to recreationists and incurring minimal disturbance to wildlife populations in 

the region . 
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1.0 Background 

Alberta supports an extensive networ k of transportation infrastructure; 31,000 km of 

highway enables the efficient movement of people and goods  (Government of Alberta 

2017). Alberta is also home to the most diverse assemblage of large mamma l species in 

Canada, including elk, moose, bighorn sheep, deer, black bear, cougar, wolf, wolverine, lynx 

and the provincially -threatened grizzly bear. Most of these species require large landscape 

for survival 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 of roads on the movement and mortality of wildli fe; 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. These barrier effects reduce the amount of habitat available to animals, alter 

pred ator -prey interactions, and can reduce the viability of populations through genetic 

isolation. For some species like large carnivores, mortality from vehicle collisions is often 

the greatest cause of death. As such, roads can pose a major hurdle to wildlif e 

management and conservation objectives.  

 

Motorist safety is also compromised by wildlife -road interactions. Across Canada, about 6 

large mammals are involved in a wildlife vehicle collision  (WVC) every hour  (L.P. Tardiff and 

Associates 2003). Alberta Transportation reported 9 human fatalities, 498 human injuries, 

and a total cost of $240 million in damages in 2008 as a result of WVCs. The majority of the 

collisions (85%) involved dee r, followed by moose (11%), bears (2%), and other species 

(<2%) (AlbertaTransportation 2010) .  

 

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 mes sage signs), separating wildlife and motorists (e.g., exclusion fencing, 

and crossing structures - overpasses and underpasses), and modifying animal behavior 

near the road (large boulder fields, vegetation manipulation). However, because mitigation 

measure s are both expensive and often fixed (i.e., not portable), it is critical that their 

installation is strategic to maximize return on investment in meeting the management 

priorities of both wildlife and transportation agencies. It is not always clear when a nd 

where agencies share priorities. For example, a recent study in Montana was targeted at 

siting mitigation to yield the greatest positive impact for wildlife and people  (McClure and 

Ament 2014) . This study found that highway segments prioritizing connectivity (e.g., for 

rare carnivores) and segments with high risk of WVCs rarely occurred in the same place.   
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Highway 68 in southwestern Alberta may undergo  future  upgrades including paving to  

gravel sections to facilitate increased traffic from recreational pressures. Paving w ould  take 

place from the intersection of Highway 40 to the existing paved  section of Highway 68 just 

east of Camp Cadicasu. An upgrade  of this type will result  in higher traffic volumes and 

increased travelling speeds, and subsequently have significant impacts on wildlife. Wildlife 

including black and grizzly bears, elk, deer a nd moose, as well as many other smaller 

mammals currently use the area , and highway mitigations to facilitate road crossings for 

these species would need to be considered as part of any future  upgrade  of Highway 68 .  

 

In order to ensure appropriate highway  mitigation measures are considered, there is a 

need to know where wildlife are at greatest risk of collisions with vehicles and where 

important connectivity areas occur along Highway 68 . In order to determine this we 

undertook  a methodology for determinin g: 

ü wildlife road mortality (past and present),  

ü optimal connectivity for specific species (grizzly bears, moose), and  

ü wildlife distributions and occupancy  along Highway 68.  

 

The results from these methods will together inform appropriate highway mitigation  

recommendations for the upgrading of Highway 68.  

 

1.1 Objectives 

The principle goal for this study is to develop and implement a methodology to assess 

wildlife movement patterns along Highway 68.  

 

Specific objectives to address this goal are:  

ü Determine where wildlife are at greatest risk for WVC, 

ü Determine connectivity/movement needs for grizzly bear , and  

ü Prioritize areas for optimal connectivity  for a complement of species . 

 

We report on the methods and results of the main areas of research below. In e ach section 

we summarize information collected and provide recommendations regarding the 

sufficiency of data to meet the overall objectives of the Highway 68 Comprehensive Wildlife 

Road Crossings Patterns study.  

 

These findings represent final reporting after a  two  year wildlife and roads study along 

Highway 68  initiated in 2017 and completed at the end of 2018. Findings outlined in this 

report are  supported by a 2017 year -end report  which included moose connectivity 

modeling  and local  expert knowledge asse ssment of crossing locations . Camera detection 

rates and snow -trackin g data were  cumulative with 2017 results  and incorporated into final 

analysis in this report.   
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2.0 Wildlife Occupancy and Distribution  

2.1 Occupancy Methods 

2.1.1 Camera-trapping metho ds 

To detect and record wildlife, we employed camera traps (Reconyx, Holmen, Wisconsin, 

USA; Bushnell Outdoor Products, Overland Park, Kansas USA) with an infrared sensor and 

flash to detect animal movement. Cameras used an infrared flash that was not visi ble to 

people or most wildlife.  

 

Camera traps were set up in the highway corridor. We attempted to set cameras in each 1 

x 1 km cell overlapping the highway corridor; however, some cells had low potential for 

wildlife movement. Cameras were placed in the most likely corridors and locations that 

wildlife move through, either across highway or in the vicinity. Some cameras were taken 

down (few photographs) and set in different locations to improve sampling.  

 

We placed camera traps on a tree ~1 m from the gr ound and 1 -2 m from the monitoring 

area (trail, open space). We aimed the sensor parallel to the ground to monitor a conical 

area approximately 1 m in diameter at 15 m distance. Camera traps recorded time and 

date for each event and 5 rapid -fire photograph s for each event triggering. Monitoring was 

continuous since cameras were setup. Cameras were checked approximately every two 

weeks, when  batteries and SD cards were switched out. Some cameras were not operative 

if batteries died. We calculate the number o f days cameras were operating at each site as 

Ʉcamera-daysɅ.  

 

Animal detections were considered independent if the time between consecutive 

photographs of the same species was more than 20 minutes apart, a convention which 

follows (OɅBrien et al. 2010). For each event, we classified the species detected in the 

photograph, the number of individuals, and if identifiable mother with young. Camera 

traps also recorded humans, livestock and domestic dogs but were not quantified for this 

report.  

 

We report number of animal detections and a relative abundance index (RAI) for each 

species. To compute the RAI for each species, all detections for each species are sum med 

for all camera traps over all days, multiplied by 100, and divided by the total number of 

camera -days.  
 

2.1.2 Occupancy Results 

SITE-RELATED INFORMATION 

A total of 22 camera traps were set up in the highway corridor beginning on 5 May 2017 

and ending on 4 January 2019. Camera surveys  were conducted during 20 months  at 24 
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locations ( Figure 1), resulting in 12,427 camera -days. One camera was stolen (Site 24), and 

without damaging the camera or removing the securi ty box, the SD card was re moved 

from one camera (site 23). The number of camera -days at the camera trap sites averaged 

478 camera -days per site (min: 78, max: 597).  

 

 
Figure 1: Location of camera traps conducted along Highway 68  

SPECIES DETECTIONS  

Camera traps recorded 4829 photographs  of wildlife events, of which 82% (n = 3977) were 

of ungulates, 17% (n = 739) were carnivores, less than 1% were of lagomorphs ( n=94) and 

birds ( 0.2%; n=9). A total of 18 species were detected  at th e camera sites (Table 1). Species 

captured on film included 7 carnivore species; 4 ungulates, 1 lagomorph and 2 birds . 

 

 

 

 

 

 

 

 



 

HIGHWAY 68 COMPREHENSIVE WILDLIFE ROAD CROSSING PATTERNS STUDY: FINAL REPORTING 2019 14 

Table 1: Species detections and relative abundance index (RAI) at 22 camera trap sites along 

Highway 68 (Sibbald Flats Road), Alberta from May 2017 to January 2019.  

Species Detections at 

cameras  

Number of sites 

detected  

RAI1 

White -tailed deer  3328 25 24.82 

Mule deer  534 24 4.57 

Moose  83 17 0.50 

Elk 32 12 0.40 

Total Ungulates  3977 22  

    

Coyote 467 24 2.62 

Black bear  155 21 2.08 

Cougar 36 12 0.57 

Bobcat  41 12 0.17 

Red fox 28 11 0.54 

Grizzly bear  9 7 0.10 

Wolf  3 3 0.03 

Total Carnivores  739 90  

    

Snowshoe hare  94 15 0.34 

Grouse 8 6 0.07 

Striped Skunk  4 3  

Beaver 1 1  

Great Gray Owl  1 1  

Pine Marten  1 1  
1: Relative abundance index: number of events/100 camera -days. 

 

Among ungulates, white -tailed deer by far were detected most frequently at the camera 

traps (n=3328 events ), followed by mule deer ( n=534; events) ( 

 

 

 

 

 

 

Table 1 1). Moose (n=83) and elk (n=32 ) were rarely detected at the camera traps. Coyotes 

and black bears were the most frequently detected carnivores ( n=467 & 155 events, 

respectively). Cougars ( n=36), red foxes (n=28), bobcats (n=41) were sparsely detected in 

the study area along with grizzly bears ( n=9) and wolves (n =3). 
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Occupancy in the study area was greatest for white -tailed deer as they were detected at 25 

out of 25 camera sites  (Table 1). Mule deer were detected at 24 of 25 sites , moose were 

detected at 18 sites , and elk were detected at less tha n half of the camera sites (12  sites). 

Coyotes had the highest occupancy among carnivores as they were detected at 24 of 25 

camera  sites, followed by black bears being detected at 21 sites. Cougars and bobcats were 

sited at 12 sites each, while red fox (n=11), grizzly bear (n=7 ) and wolves (n=3)  were found 

at a third of the sites or less.  

 

The relative abundance index (RAI) c oncurred with occupancy as white -tailed deer and 

mule deer had the highest RAI scores  in the study area (Table 3). Among carnivores, 

coyotes and black bears had high RAI scores.  

 

Time (nights) to first detection showed a skewed distribution for detecting u ngulates 

(average: 33 days, s.d.24 days) and carnivore species (average: 47 days, s.d. 30 days. For 

individual species, days to first detection ranged from 13 for white -tailed deer to 47 for 

moose (Figure 2). Among carnivores the lowest time to first detection was for coyotes 

(average: 22 days, s.d. 28), while the longest was for bobcats (average: 111 days, s.d. 37).  

 

 
 

Figure 2: Average number of days to first detection  at camera traps  for mammal species 

along Highway 68.  

2.2 Distribution  Methods  

2.2.1 Amphibians and Reptiles  
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The paving of an existing gravel road is a concern fo r amphibians, especially along H ighway 

68 as amphibian habitat is located on both  sides of the highway  in localized areas . Paving 

the road would likely increase the speed limit and traffic volume, becoming an even greater 

barrier to movement than the already existing gravel road  (Findlay, Bourdages, and 

Bourdages 2000; Hels and Buchwald 2001) . Further, run -off and contaminants 

(hydrocarbons, salt, chemicals etc .) associated with paved roads have been shown to 

impact wetland habitats and amphibians that rely on them for their li fe requisites (Forman 

et al. 2003). To fulfill  their life cycle, some species of amphibians move several kilometers 

from over -wintering habitat to br eeding habitat  (Pagnucco, Paszkowski, and Scrimgeour 

2012). This movement can be obstructed  by roads, which are  compounded by  the dangers 

of increasing spee d limit and traffic volume s. 

 

Based on range maps developed by Alberta Environment and Parks (Alberta Environment 

and Parks 2014)  and habitat potential  in the study area, t he following amphibian species 

are expected : Western toad  (Anaxyrus boreas) and Boreal chorus frog (Pseudacris maculate), 

with potential for Columbia spotted frog ( Rana luteiventris) and Wood frog ( Lithobates 

sylvatica). 

 

Reptiles are slow -moving animals t hat are often attracted to roads for thermoregulation  

(Frissell and Trombulak 2000)  and are often killed in large numbers by vehicles or their 

populations fragmented  (Rosen and Lowe 1994). 

 

We conducted field surveys of amphibians and re ptil es using a variety of methods :  

a) Spot -sampling surveys in late spring and early summer to i dentify areas of activity 

and movements , 

b) Acoustic surveys using acoustic recording units  (ARU) at select locations , and 

c) Cover-board surveys for reptiles.   

 

We supplement ed the field data  by reviewing existing observations and habitat mapping 

data of amphi bian s and reptile s and their  habitat in study area using FWMIS data. 

 

AMPHIBIAN SPOT-SAMPLING SURVEY 

Amphibian surveys were conducted using spot -sampling methods to identify areas of 

activity and potential movements in the highway corridor. Sampling sites were identified in 

field and characterized by ponds, lakes and slow -moving streams.  

 

AMPHIBIAN ACOUSTIC SURVEYS  

Automated a mphibian acoustic surveys were conducted at three sites between 13 May and 

27 June 2018, with some variation of survey length per si te. Acoustic Recording Units (ARUs) 

were deployed and set to record 10 minutes every hour, on the hour. Analysis occurred for 

the hours of 10:00pm to 12:00am, daily, for the survey period . This time frame was 

selected as it represents  peak temporal ca lling  period for amphibians . Because site 2 and 3 
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were within 100  m of each other, analysis of site 3 recordings only occurred on dates 

where site 2 recordings were too noisy to draw good results or the recording failed. Three 

sampling  sites were identified in field and characterized by ponds, lakes and slow -moving 

streams.   

 

COVER-BOARD SURVEY ɀ REPTILES 

For reptiles, we surveyed for areas of potential reptile habitat (garter snake) within 100 m 

of Highway 68. Garter snake habitat consists of areas of areas o f rock and talus. We 

obtained the geographic coordinates of any potential reptile habitat in the study area 

(Russell and Bauer 2000)  and field inspected areas alongside the road that appeared to be 

suitable habitat.  

 

During 2017, ground surveys consisting of inspections of suitable habitat (rocky/talus 

areas) were conducted to collect information  on garter snakes in the study area.  

 

In 2018, cover -boards were placed in select locations in the study area that met the criteria 

of being located 1) within 100 m of the road, and 2) consisted of  suitable garter snake 

habitat (talus/rocky areas) ; the lat ter being habitat of target species (garter snakes) in the 

study area  (Figure 3). Cover-boards consisted of a 4Ʌ x 4Ʌ piece of ¾ɉ plywood. Boards are 

placed in or near preferred habitat of snakes. If snakes are in the  area they will move under 

the boards to seek refuge. This method has been useful for estimating populations of 

certain amphibian  and reptile  species(Heyer et al. 1994) . We placed pairs of cover -boards 

at each site. Pairs were used as one board had a tracking medium underneath  (loamy soil)  

to detect presence if snakes had  entered, but moved out from under  the board prior to 

field check. The second board had no tracking medium below it. Boards were placed side -

by-side. Boards wer e set out at 4 locations  and sampled during five weeks. Sampling began  

on 9 July 2018, and checked weekly until 15 August 2018 . 
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Figure 3: Cover -board locations for reptile  survey  along Highway 68.  

 

 

2.3 Distribution Results  

2.3.1. Amphibian Spot-Sampling Surveys 

2017 - Amphibian surveys were conducted on 3 occasions in the study area between 31 

May and 18 June 2017. Surveys for amphibians were used spot -sampling methods to 

identify areas of activity and potential mov ements in the highway corridor  (Figure 4) (Heyer 

et al. 1994). Sampling sites were identified in  the  field and characterized by ponds, lakes 

and slow -moving streams.  

 

There were three amphibian species detected duri ng the study period : Chorus frog (, wood 

frog, and western toad.  
 

31 May 2017:  

Chorus frogs and western toads were detected at the sampling sites below. Amphibians 

were not heard at the other sampling sites in the study area.  

 

ü P8: Chorus frogs and wester n toads calling (few)  

ü P9: Chorus frogs calling (few); Wood frog (n=1) calling  

ü P10: Chorus frogs calling (many);  

ü P11: Chorus frogs calling (many) on north and south sides of highway.  
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ü P12: Chorus frog (n=1) calling on north side.  

 

2 June 2017: 

No calling of amphibians detected at any of the sampling sites in the study area.  

 

18 June 2017: 

Efforts were made to locate tadpoles at the sampling sites. Tadpoles were found at:  

 

ü P9 (Homestead Pond). Chorus frog tadpoles were observed on the edge of the pond, 

primari ly on the south side (n=20 -30), with some also seen on the east side of the 

pond.  

ü P10 (south and across road from H68 -P9): Wood frog observed and photographed. 

Few tadpoles seen and believed to be wood frog tadpoles.  

 

The FWMIS records of amphibian detect ions were primarily in the western part of the study 

area (Figure 5); however , we were unable to detect any amphibians in those areas. The 

eastern end of the study area (Bryant Creek, Homestead Road) w as the most active area  

for a mphibian activity  in 2017 . Our observations concur with the one FWMIS record of a 

wood frog at P9, as we detected wood frogs across the highway at P10. Two sites with 

amphibian detections are bisected by Highway 68 (P9 & P10).  

 

 
Figure 4: Location of species detections obtained from amphibian field survey conducted 

along Highway 68, May -June 2017  
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Figure 5: Location of amphibian species detections obtained from the province of Alberta 

FWMIS database.  

The large pond at the Powderface Road junction (P8) had chorus frogs and western toads. 

Chorus frogs were most common at the sampling sites where we detected amphibians in 

the eastern end of the study area near Bryant Creek and Homestead Road. Most of our 

amphi bian detections provide new information of amphibian species occurrence in this 

area and the FWMIS database.  

 

2018 - Amphi bian surveys were conducted on 2  occasions in the study area between 31 

May and 25  June 2018. Surveys for amphibians  were conducted us ing the same spot -

sampling methods  as 2017 to identify areas of activity and potential mov ements in the 

highway corridor  (Figure 8)(Heyer et al. 1994) . Samplin g sites were identified in the f ield 

and characterized by ponds, lak es and slow -moving streams.  Less sampling effort was  used 

in 2018 as acoustic survey methods were used to provide additional data on amphibian 

presence in the highway corridor.   

 

2.3.2. Acoustic Amphibian Survey 

In 2018, western toad and wood frog were ide ntified at all three ARU sites, while chorus 

frog was recorded at  site 3 only . Western Toad is listed as a sensitive species  in Alberta  (see 

Figure 3). 

  

Top calling index  for each species for survey period : 

ü Western toad : Constant chorus  
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ü Wood frog : Constant chorus  

 

Lastly, Columbia spotted frogs were observed at Sibbald Flats Meadows PRA on Sept 1, 

2018, photo verification was confirmed by Kris Kendal (Alberta Conservation Association).  

Columbia spotted frog is a sensitive species in Alberta (Figure 6).  

 

 
Figure 6: Location of acoustic monitoring sites  

 

2.3.3. Acoustic Amphibian Survey ɀ Incidental Observations  

ARU data was also classified for bird species, and incidental observations from site 1 and 2 

(Figure 6) are listed in  

Table 2. Of note a number of species are listed as sensitive in Alberta . 

 

Table 2: incidental species recorded on ARUs  

 Incidental Species Observed 

(auditory)  

Provincial Status (2015) 

(Alberta Environment 

and Parks 2018)  

Federal (SARA) Status 

(Government of 

Canada 2018) 

Site 1 Canada goose Secure Not listed  

Site 1 owl species  N/A N/A 
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Site 1 LincolnɅs Sparrow Secure Not listed  

Site 1 Sora Sensitive  Not listed  

Site 1 Spotted Sandpiper  Secure Not listed  

Site 2 Alder Flycatcher  Sensitive  Not listed  

Site 2 Barred owl  Sensitive  Not listed  

Site 2 Canada goose Secure Not listed  

Site 2 Clay-coloured sparrow  Secure Not listed  

Site 2 Dark-eyed Junco Secure Not listed  

Site 2 Greater Yellowlegs  Secure Not listed  

Site 2 LincolnɅs Sparrow Secure Not listed  

Site 2 Sandhill Crane  Sensitive  Not listed  

Site 2 Sora Sensitive  Not listed  

Site 2 White -crowned sparrow  Secure Not listed  

Site 2 White -throated sparrow  Secure Not listed  

Site 2 WilsonɅs snipe Secure Not listed  

Site 2 Cougar*  Secure Not listed  

Unkn  Grebe species (ClarkɅs or 

Western)  

May be at Risk  (ClarkɅs 

grebe), 

At Risk  (Western grebe)  

Not listed (ClarkɅs 

grebe), 

Special Conc ern  

(Western grebe)  

*unconfirmed  
   

2.3.4. Cover-board Survey ɀ Reptiles 

During summer 2017, g round surveys for reptile habitat and occurrence were conducted 

on 7 September at 3 sites in study a rea, in areas of talus habitat. We were unable to detect 

any garter snake activity  at any of the three sites visited .  

 

During summer 2018, cover -boards were used to sample garter snake occurrence. Of the 5 

weeks of sampling we were unable to detect any reptile activity at the four  sampling 

locations. At one locatio n we detected a vole (species unidentified) that was nesting 

underneath the cover -board. There are no reported observations of any reptile species in 

the FWMIS dataset. 

 

2.4 Snow-track Road Crossing Survey 

2.4.1 Methods  

Road surveys were conducted during winter months when snow-tracking  conditions 

enabled  data to be collected on species presence and movements and activity in the 

Highway 68 corridor. Surveys were conducted by two people (driver, observer) that drove 

Highway 68 at 40 -50 km/hour searching for  medium - and large -sized mammal tracks 

adjacent to or crossing the highway. Data collected were species identified from the tracks, 

number of individuals, direction of travel (crossing road, parallel, Ɉloiteringɉ = neither 
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crossing nor  parallel). We limite d our data collection to mammal species coyote -size and 

larger.  

 

 

 

 

 

2.4.2 Results  

One track survey of Highway 68 study area was conducted by A lberta Environment and 

Parks (AEP) staff (N . Heim) on 21 November 2017. During this outing 8 coyotes, 7 wolf and 1 

cougar track were detected.  

 

During 2018, 5 track surveys were conducted between 12 January and 31 March. Each track 

survey was 20 km in length. During the 3 month sampling period 112 coyote, 14 cougar, 10 

moose, 4 bobcat and 3 wolf detections were recorded  (Figure 7).  

 

 

Figure 7: Snow -tracking observations (wolf, cougar and moose)  

 

3.0 Connectivity Modeling  

Research has shown that road -kill locations on their own are not sufficient to identify key 
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areas to mitigate roads for wildlife. Information on where important travel corridors and 

safe passage occur are needed   (A.P. Clevenger and Huijser 2011) .    

 

To maintain healthy wide -ranging mammal populations it is important to consider 

connectivity between core habitat patches (K. R. Crooks and Sanjayan 2006). Studying how 

the landscape facilitates or impedes animal movement between habitat patches is 

important for developing strategies to maintain wildlife healthy populations. Highway 68 

repres ents an important component of a larger landscape where individual animals need 

to move between habitats to ensure regional population stability.  

 

An important consideration to maintaining healthy populations of wide -ranging mammals 

in Kananaskis Count ry is ensuring habitat is maintained and animals are able to move 

unimpeded around the landscape. This is complicated by competing land uses, such as 

increasing traffic volume and human presence which may contribute to fragmentation of 

the landscape and impe d wildlife  movement (Apps et al. 2007) .  A major concern for 

Highway 68 includes reduced movement opportunities due to avoidance behaviour for 

sensitive  species such as grizzly bear and/or increases in animal mortality associated with 

roads (A. Clevenger et al. 2010).  

 

For connectivity models, we focused on species that have extensive home ranges,  disperse 

long distance s, are associated with  unique habitat  types, and need to cross roads 

frequently. During Phase 1 of the research we modeled connectivity for moose as a species 

of focus, as they are frequent in the area , typically occur in lowland habitats  and create 

concer ns from a motorist  safety perspective. Paving Highway 68 (currently gravel) will  

result in an increase in traffic  volume, speed  and risk of  moose -vehicle collision s, a concern 

for motorist safety . 

 

During Phase 2 of the research we modeled connectivity for  grizzly bear s as a species of 

focus, as they are  an at risk species  in Alberta and dependent on large landscapes to meet  

their  life requirements. Increasing traffic volumes  on Highway 68  could result in avoidance 

behavior of grizzly bears reducing their a bility to move around the landscape to access 

important resources.  

 

Connectivity models can be useful for identifying important habitat linkages and areas for 

highway mitigation. Previously, Geographic Information System (GIS) generated habitat 

models hav e been used to determine the regionally important locations for wildlife 

crossing structures (A.P. Clevenger and Wierzchowski. 2006) . Recent attention has focused 

on the use of landscape resistance models to guide highway mitigation efforts . Circuitscape 

is open source software that borrows algorithms from electronic circuit theory to predict 

connectivity in heterogeneous landscapes, ( www.circuitscape.org ). Recently it was shown to 

outperform other models in predicting areas of wildlife -vehicle coll isions (Girardet, 

Conruyt -Rogeon, and Foltête 2015) , thus serving a dual purpose in this project. Circuitscape 

model ling assumes animals are  on a random walk (Codling, Plank, and Benhamou 2008) . 

http://www.circuitscape.org/
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This moves away from direct -route models such as least cost models, allowing for multiple 

pathways to be assessed rather than a best -fit line (McRae et al. 2008).  

 

3.1 Methods  

To create a study area for modeling we  buffered Highway 68 by 20 km. We used the 

following datasets in our analys is: 

ü RSF models for grizzly bear represent ing three seasons, developed from grizzly bear 

RSF models (Nielsen 2007), 

ü Grizzly bear GPS data provide by Alberta Parks ,  

ü Alberta Biodiversity and Monitoring Institute ( ABMI) Human Footprint (HF) (2014) , 

and   

ü Alberta Government Base Features 1:20k DEM . 

Circuitscape requires two inputs : focal nodes to represent movement starting points for 

grizzly bears on the landscape , and resistance surface that assigns each landscape pixel 

with a value that represents the ease of movement.  

 

We used a published grizzly bear RSF model for three seasons  (Season 1: May 15 to June 15, 

Season 2: June 16 to July 31, Season 3: Aug 1 to Oct 15)  developed for Alberta  by Dr. Scott 

Nielson to create a resistance surface to use in connectiv ity modeling (Nielsen 2007) .  We 

also received data from Alberta Environment and Parks (AEP) of grizzly bear GPS data, 

representing five bears from 2012 to 2017. The grizzly bear RSF models were displayed 

using 10 bins (quantiles) and to see how well the RSF models represented known grizzly 

bear detections we  plotted the  number of  grizzly bear GPS points for each season  per RSF 

bin . A higher bin value indicated a high resource value for grizzly bears, so you would 

expect a linear trend increasing from bin 1 to 10.     

 

The resistance value represents the relative effort required for an animal to travel across a 

pixel on the landscape . The map of resistance values is used to derive all possible pathways 

for modeled electrical current to traverse the landscape  from focal one point or region to 

another. The resistance surface was derived using the RSF for each season by applying a 

negative exponential using the following function:  

 
where f is the friction value ranging from 1  to 100 and the function C=1  and h is the RSF 

score from 0 to 1 (Trainor et al. 2013) .   Recently there has been some scrutiny on the use 

of habitat modeling representing how animal s move  around a lan dscape.  Mateo -Sanchez 

et al. (2015) found that resistance surfaces based on habitat models may tend to 

overestimate landscape resistance in areas with low habitat suitability (Mateo -Sánchez et al. 

2015). The negative exponential was used to enable a gradual change in friction values 

when suitability v alues are relatively high ; if the function is not applied there is a  drastic 
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increase in friction values as habitat suit ability declines beyond the mid -range  (Trainor et al. 

2013).  

 

The resulting resistance surface did not include roads, a key concern for our analysis. We 

therefore superimposed highways from Alberta base features  onto the resistance surface 

and created resistance values based on  assessment of the weighted average annual daily 

traffic volume 1 and expert opinion  (Table 3). 

 

Table 3: Resistance values for highways in the modelling area.  

Highway  WAADT
1
 

Resistance  

Score  

1 24,000 8 

40 1,840 4 

1A 1,960 4 

1X 1,170 4 

68 400 4 

 1 Weighted average annual daily traffic volume.  

 

Focal nodes were created as a series of ran dom points  (n=100) around the edge of the 

study area.  Koen et al (2014) found placement of focal nodes around the edge of the study 

area is least likely to bias results from node placement on connectivity modeling results  

(Koen et al. 2014). Since our question is focused on where grizzly bear s are most likely to 

cross Highway 68 , positioning nodes along the edge of the study area seemed appropriate. 

The same focal nodes were  used for all three grizzly bear seasons.  

 

We used Circuitscape  software to model connectivity for each grizzly bear season.  All three 

grizzly bear seasons were integrated by taking the average value per pixel.  To identify 

important crossing locations we  created a 250  m buffer around each km segment on 

Highway  68, and calculated the average connectivity value. Data was then displayed in 

quantiles to identify the top 50% and 25% of movement opportunities for grizzly bear per 

season.  

 

3.2 Results  

The RSF models for three grizzly bear seasons were compared to  known  grizzly bear data 

from AEP (Figure 8, Figure 9, Figure 10) to see how well the  Alberta wide RSF modeling 

represent ed our study area. Season 1 ( Figure 8) and season 3 (Figure 10) show a linear 

trend with higher representing higher number of known grizzly be ar points. Season 2 

(Figure 9) RSF bins do not reflect the known grizzly bear locations and there appears to be a 

negative trend line ɀ so lower RSF values are more favorable than higher RSF values. A 

limitation of th is study is the use of an RSF model developed for a broader landscape not 

                                                   
1 http://www.transportation.alberta.ca/mapping/  
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accurately reflecting local grizzly bear resource selection. An important consideration is the 

comparison of a low number of known grizzly bear points ( n=200-1200) per season .  

 

 

 
 

Figure 8: Season 1 plot of RSF bin and number of grizzly bear GPS points  

 

 
 

Figure 9: Season 2 plot of RSF bins and number of grizzly bear GPS points  
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Figure 10: Season 3 plot o f RSF bins and number of grizzly bear GPS points  

The Circuitscape  results are displayed in  (Figure 11), after integration of all three grizzly 

bear season s. Figure 12 highlights the top 5 0% (darker purple  represents better movement 

opportunity)  of optimal movement  for grizzly bears across Highway 68.  
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Figure 11: Grizzly bear connectivity model aggregate of three seasons  (average connectivity 

value per pixel)  

 

Figure 12: Top 50% of movement opportunity for grizzly bear across Highway 68 , darker blue 

represents top 10%  
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4.0 Synthesis  

Connectivity models can be useful for identifying important wildlife corridors, but, like all 

models, they are gross oversimp lifications of biological reality.  Assigning values to 

landscape variables and ranking their relative importance to landscape scale movement is 

a somewhat subjective process.  Thus, the most powerful inference from connectivity 

models based on expert opin ion can be drawn when the results are congruent with 

different model types and with other data sources.  Our objective was to use landscape 

resistance -based movement  modelling in conjunction with field data collected from camera 

traps and winter snow -track ing to identify and prioritize areas for along Highway 68 for 

cross-highway connectivity (objective no. 3) .  The synthesized data encompassed a range of 

species and transportation and resource management objectives for the Highway 68 

corridor.  

4.1 Methods  

For each camera site we considered the  frequency of use  (species detection rate per 

km/day)  and total diversity of species occurrence  within kilometer sections . Priority road 

segments  for species detections  were calculated as a daily rate  per camera  per kilometer . 

The daily rate enabled us to account for inconsistency in the total time each camera was in 

the field . Camera placement focused on areas where wildlife was likely to cross based on 

expert opinion in the field  and therefore some kilometer sections were not monitored by 

camera trap. If there were more than two cameras in a kilometer section the detection 

rates calculated per camera were averaged. Snow-tracking species detection rates were 

also considered per km/day and results were summed with the ca mera detection rate per 

kilometer .  

 

To address transportation objectives w e used the species detection rates per km from 

camera and snow -tracking to predict kilometer sections with increased motorist safety risk 

from collisions with ungulates (moose, mule  deer, white tailed deer and elk), based on the 

assumption that a paved road will result in increased traffic volume and therefore 

increased risk of wildlife vehicle collisions. To address resource management objectives we  

determine d the kilometer sections  where species of concern (grizzly bears, cougar and 

wolf) have higher rates of detection.  

 

We compared our connectivity model outputs for moose (see final report for Highway 68 in 

2017) and grizzly bear with camera occupancy data. The camera data were re stricted to 

locations in the study area where we had cameras set up, while the connectivity models 

show predicted movement freely throughout the entire study area including areas between 

camera locations. Results from connectivity modeling were equated to kilometer sections 

along Highway 68 by placing a 250 m buffer around each segment and calculating the 

mean connectivity value. Results were standardized from 0 to 1 and displayed in quantiles. 
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We expect there is some overlap between  connectivity models, bu t know that grizzly bear 

and moose habitat linkages may not converge for all species in the study area.   

 

Lastly, we created a synthesis map, by standardizing each species layer from 0 to 1, and 

summing four key layers per kilometer , moose connectivity, gr izzly bear connectivity, 

motorist safety risk, and species of conservation concern. The layer was displayed as five 

quantiles representing very high, high, medium, low and very low km segments along 

Highway 68.  

 

4.2 Results 

Camera and Snow-tracking Detection Rates 

Species diversity per km is displayed in Figure 13 to determine  richness of species detected 

on camera or via snow -tracking along Highway 68. Species diversity was highest for 

kilometer 1, 20, 22 and 23.  

 

 

Figure 13: Species diversity per km along Highway 68  

Areas along Highway 68 with a motorist safety risk were determined using detection rates 

summed per kilometer for moose, mule de er, white tailed deer and elk ( Figure 14).  

Increased motorist safety risk from wildlife vehicle collisions will be a concern if the road is 

paved and traffic volumes increase along Highway 68. Camera detection rates along the 

highway provide a surrogate assessment of where wildlife vehicle collisi ons are likely to 

occur based on occupancy and rates of ungulates. Kilometer sections along Highway 68 
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with a potential very high (deep red) and high (orange -red) level of risk include 1, 15 -17 and 

a long stretch from 20 -24. It is important to note that in  some kilometers there were no  

camera s (represented as black lines on maps ), because placement  was based on expert 

opinion of most likely locations to capture wildlife.  

 

Areas along Highway 68 where species of concern, including grizzly bear, wolf and cou gar 

are most likely to be detected are displayed in Figure 15. Kilometer sections along Highway 

68 with very high (deep red) and high (orange -red) importance for carnivores include 5 -6, 

11 and 19. It is important to note that in some  areas there was no camera (black), although 

placement was based on expert opinion of best placed for wildlife movement.   

 

 

Figure 14: Motorist safety risk per km based on camera detection rates of ungulates  
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Figure 15: Species of concern along Highway 68  

 

 

Grizzly Bear and Moose Connectivity Modeling  

In addition to camera and snow -tracking detection rates, connectivity models were also 

developed for moose ( motorist safety risk), and grizzly bear (at ris k species).  

 

For moose, Figure 16 displays moose movement opportunities across Highway 68  from 

connectivity modeling, data is displayed in quantiles, with the top quantile (25%) or best 

opportunities represented in dark blue, and se cond quantile (25% to 50%) of opportunities 

represented by light blue . The modeling indicates  kilometer sections 1, 10 -12, 14, 17 and 21 

are best opportunity areas for moose  movement. Camera and snow -tracking detection 

data is also displayed on Figure 16 indicating kilometer sections along Highway 68 with very 

high (deep red) and high (orange -red) importance for moose include 16 -17, 20-22 and 24. 

There is a strong overlap between the connectivity modeling and camera and snow -

tracking detections for kilometer sections 11, 17 and 21, increasing our confidence in these 

areas being important for moose along Highway 68.  
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Figure 16: Moose connectivity modeling movement areas and camera and snow -tracking 

detection rates  

For grizzly bear, Figure 17 displays grizzly bear movement opportunities across Highway 68 

from connectivity modeling, data is displayed in quantiles, with the top quantile (25%) or 

best opportunities represented in dark blue, and second quantile (25% to 50%) of 

opportunities represented by light blue . The modeling indicates kilometer sections 14, 21 

and 22 are the best opportunity areas for grizzly bear movement. Camera data for grizzly 

bear is displayed as presence and absence  per kilometer as there were only 9 detections in 

total ( Figure 17) identifying three kilometer sections where grizzly bears were detected, 5, 

16 and 19.  There is no overlap between the connectivity modeling and camera detections 

for grizzly bears.  

 




