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Woodland caribou are declining across their range, mainly due to habitat disturbance and associated 

unsustainable rates of predation. However, caribou health and disease status are increasingly recognized as 

important factors in the survival and reproductive success of caribou. The goal of this two-year project was 

to increase understanding of mortality risk and caribou health in west-central Alberta and east-central 

British Columbia in the Redrock Prairie Creek, Narraway, A La Peche, and Little Smoky caribou herds. Our 

overall objectives were to 1) determine accurate causes of death for caribou mortality events, including the 

relative roles of predators, 2) investigate caribou health and disease and establish comprehensive health 

baselines for each caribou herd, 3) evaluate landscape-related mortality risk factors (terrain, natural 

disturbance, and anthropogenic disturbance), and 4) evaluate the link between predator occurrence and 

mortality risk. This research will provide insight into the relationships between landscape disturbance, 

predator occurrence, and caribou mortality events, and provides the first herd-specific baseline report of 

health and disease for boreal and southern mountain caribou herds in west-central Alberta and east-central 

British Columbia.  

Between May 2013 and January 2017, we collected field data at 25 caribou mortality locations, using 

standardized site investigations, necropsies, and sampling protocols. We attributed 14 of these mortalities 

to probable predation, and we established that the predator guild for caribou in west-central Alberta and 

east-central British Columbia includes not only wolves, but also cougars and bears: 4 mortalities were from 

cougar, 4 from grizzly bear, 2 from wolf, and 3 had multiple predator signs. The remaining 11 mortalities 

were attributed to accidents, disease/health status, or unknown causes.  

We used biological samples collected from caribou mortalities and winter fecal pellet sampling to evaluate 

health and disease in the Redrock Prairie Creek, Narraway, A La Peche, and Little Smoky caribou herds. 

From fecal pellet surveys, we detected a range of gastrointestinal parasites including Nematodes, 

Strongylates, tapeworm eggs, and Protostrongylid dorsal spine larvae. Prevalence of these gastrointestinal 

parasites was similar to prevalence previously reported for Alberta and British Columbia, and there were no 

apparent trends across sex or herd. Health testing from caribou mortalities revealed the presence of 

ectoparasites (winter tick) and bacteria (Erysipelothrix rhusiopathiae). Hair cortisol concentrations (HCC) 

were generally higher levels than reported for caribou elsewhere in Canada, although the method of data 

collection (hair collected from carcasses) makes direct comparisons difficult. 

Using data collected at mortality sites along with GIS-based landscape variables, we assessed the roles of 

terrain and anthropogenic disturbance features in explaining caribou mortalities, including predation-

related mortalities and mortalities of unknown cause, within and outside of protected areas. Mortality 

locations were associated with low elevation areas and proximity to streams. Outside of protected areas, 

mortality risk also increased with an increase in anthropogenic linear features (pipelines, roads, and seismic 



 
 

lines). We used these results to produce spatially explicit surfaces of mortality risk based on models of 

landscape variables. Using results from previous research we produced annual probability of occurrence 

surfaces for wolves, grizzly bears, and cougars, and used these to assess mortality risk relative to predator 

occurrence. From this analysis we found that caribou mortality locations were associated with a higher 

probability of wolf and grizzly bear occurrence. 

Overall, the results of this research project revealed that caribou predators in west-central Alberta and 

east-central British Columbia include cougars and bears in addition to wolves; this knowledge may have 

implications for management of alternate prey and predator populations in these caribou ranges. Our 

results also demonstrate the value of rapid mortality site investigations to accurately determine cause of 

death, and to collect valuable caribou health and disease data. The health and disease data gathered during 

this project is the first comprehensive herd-specific baseline health data collected for declining caribou 

herds in west-central Alberta and east-central British Columbia and provides insights into the overall health 

status of caribou herds in the area. These health and disease data also may be used to track changes in 

caribou health in the future, particularly with the expansion of moose, deer, and elk within caribou ranges, 

and within the context of climate change. Continued research focused on assessing and understanding 

caribou health may contribute to caribou recovery initiatives by identifying priority areas for restoration 

based on disease transmission risk, and by identifying herds that may be at highest risk of disease 

outbreaks. Finally, our spatially explicit surfaces of mortality risk can be used to target restoration activities 

to areas with the highest mortality risk within the Redrock Prairie Creek and Narraway caribou ranges, 

including areas of high linear feature densities and landscape disturbances located near riparian areas. In 

addition, the probability of occurrence surfaces we produced for wolves, grizzly bears, and cougars in the 

the Redrock Prairie Creek and Narraway caribou ranges can be used to target restoration activities in areas 

where species-specific predation risk is highest.  
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Boreal and mountain caribou populations are declining across Canada (McLoughlin et al. 2003, 

Festa-Bianchet et al. 2011, Environment Canada 2012, 2014, Hervieux et al. 2013). Habitat loss 

negatively affects caribou (Smith et al. 2000, Dyer et al. 2001, Sorensen et al. 2008), and has 

caused precipitous declines in caribou herds in western Canada because of associated 

unsustainable predation rates (Environment Canada 2012, 2014, Hervieux et al. 2014). 

Landscape disturbances have been directly linked to increased predation risk and mortality for 

caribou (Festa-Bianchet et al. 2011, Environment Canada 2012, 2014, Hervieux et al. 2014), and 

the federal recovery strategies for boreal and southern mountain caribou mandate the need for 

habitat restoration to reduce this predation risk, and to achieve self-sustaining caribou herds 

(Environment Canada 2012, 2014). 

Considering that caribou declines are largely driven by unsustainable predation rates, directing 

restoration to areas that have high caribou mortality risk may serve to expedite recovery of 

caribou populations. Landscape disturbances affecting predator-prey dynamics result in 

increased predation risk for caribou (Festa-Bianchet et al. 2011, Whittington et al. 2011, 

DeCesare 2012a, Hervieux et al. 2014, Dickie et al. 2016), mainly through apparent competition 

caused by an increase in other ungulate prey and shared predators within caribou ranges 

(Robinson et al. 2002, DeCesare et al. 2010, Dawe 2011, Latham et al. 2011b, Serrouya et al. 

2011, Peters et al. 2012). Within this altered predator-prey system, wolves are thought to be 

the primary cause of mortality for caribou in Alberta (McLoughlin et al. 2003, Hebblewhite et al. 

2010, DeCesare 2012b, Hervieux et al. 2014), but potential caribou predators also include 

cougar, black bear, grizzly bear, and wolverine (Kinley and Apps 2001, Wittmer et al. 2005a, 

Stotyn et al. 2007), and it remains unknown whether these predators are a major source of 

caribou mortality in some parts of Alberta. Directly assessing the relationships between 

landscape characteristics, predator occurrence, and caribou mortality locations will contribute 

towards a better understanding of the relationship among anthropogenic disturbance, predator 

occurrence, and caribou mortalities.  

In addition to issues surrounding predation risk, caribou herds in Alberta currently exist in small 

isolated populations, meaning that these already fragile populations may also be at increased 

risk from the effects of compromised health, disease transmission, or catastrophic disease 

outbreaks (Deem et al. 2001, McCallum and Dobson 2002). The relative importance of disease 



 
 

to wildlife is expected to increase with climate change and anthropogenic landscape change 

(Harvell et al. 2002, Hoberg et al. 2008), and for caribou, there may already be increased risk of 

disease transmission associated with the incursion of moose, deer, and elk into caribou ranges; 

a further layer of complexity to the apparent competition problem (Bergerud and Mercer 1989, 

Hoberg et al. 2008). Additional causes of caribou mortality include natural events (e.g., 

avalanches) and direct human causes (e.g., vehicle collisions), but the inter-relationships 

between caribou mortalities, predation events, and these potential confounding factors have 

not been well documented for caribou in west-central Alberta and east-central British 

Columbia.  

Our project was focused within the Redrock Prairie Creek, Narraway, A La Peche, and Little 

Smoky caribou herds in Alberta and British Columbia. Our overall objectives were to: 1) 

determine accurate causes of death for caribou mortalities, 2) investigate caribou health and 

disease and establish comprehensive health baselines for each caribou herd, 3) evaluate 

landscape-related mortality risk factors (terrain, natural disturbance, and anthropogenic 

disturbance), and 4) evaluate the link between predator occurrence and mortality risk. This 

research will provide insight into the relationships between landscape disturbance, predator 

occurrence, and caribou mortality events, and also provides the first herd-specific baseline data 

of health and disease for west-central Alberta and east-central British Columbia boreal and 

southern mountain caribou herds. The results of this project may be used to inform caribou 

habitat restoration efforts, and to model and assess the effects of further landscape 

management on mortality risk for caribou. Our results also provide insight into the overall 

health status of caribou which could be used to help guide provincial recovery initiatives in 

Alberta and British Columbia. 

Our study area included the ranges of the Redrock Prairie Creek (RPC), Narraway (NAR), A La 

Peche (ALP), and Little Smoky (LSM) caribou herds in west-central Alberta and east-central 

British Columbia (Figure 1.1). RPC, NAR, and ALP caribou are central mountain woodland 

caribou, and migrate between high elevation summer range (alpine and subalpine habitats) and 

low elevation winter range in the foothills (Edmonds and Bloomfield 1984, Brown and Hobson 

1998, Committee and Natural Regions Committee 2006, COSEWIC 2014). LSM caribou are the 

boreal ecotype, remain in the foothills and boreal forest year round, and have relatively small 

seasonal shifts in range use (Bergerud 1992, Briand et al. 2009). Central Mountain caribou are 

listed as endangered by the Committee on the Status of Endangered Wildlife in Canada 

(COSEWIC) and threatened under the Species at Risk Act (SARA), while boreal caribou are listed 

as threatened by COSEWIC and SARA (COSEWIC 2002, 2014, Environment Canada 2012, 2014). 



 
 

All caribou are listed as threatened under Alberta’s Wildlife Act (Alberta Woodland Caribou 

Recovery Team 2005). 

Habitat types within the range of these caribou herds are diverse. Alpine areas consist of 

exposed ridges and meadows with graminoid, sedge (Carex spp.), and herbaceous ground 

cover, while subalpine areas are characterized by Engelmann spruce (Picea engelmannii) and 

subalpine fir (Abies lasiocarpa), with dwarf shrubs (Salix and Betula spp.) along riparian zones. 

Foothills consist of lodgepole pine (Pinus contorta) and white spruce (P. glauca), uplands and 

lowlands with poorly drained muskeg, black spruce (P. mariana), and larch (Larix laricina; 

Natural Regions Committee 2006; Demarchi 2011).  

The region includes both protected areas and areas managed by the provincial government 

(Figure 1.1).  Development associated with the oil and gas, mining, and forestry industries is 

concentrated in the foothills in the eastern edges of the caribou ranges (Figure 1.1). Oil and gas 

activities date to the 1950s, a coal mine has been operating in the eastern portion of the RPC 

range since 1969, and forestry operations in the area began in the 1970s (Slater 2013). 

Anthropogenic disturbances include cutblocks, roads, seismic lines, pipelines, and wellsites, and 

natural disturbances consist of burnt areas resulting from wildfires. 



 
 

 

Figure 1.1. Range boundaries of the Redrock Prairie Creek, Narraway, A La Peche, and Little Smoky 
caribou herds in Alberta and British Columbia, including protected areas a nd linear disturbance 
features. 



 
 

Our specific research objectives included:  

1. Determine accurate causes of caribou mortality, including the relative roles of 

predators, using data collected during rapid mortality site visits (within 24 hours of 

mortality signal of collared caribou mortality events) in the Redrock Prairie Creek, 

Narraway,  A La Peche, and Little Smoky caribou ranges (Chapter 2). 

2. Provide insight into the overall health status of caribou within west-central Alberta and 

east-central British Columbia, using biological samples from caribou mortalities and non-

invasive fecal surveys to complete a preliminary evaluation of caribou health indicators, 

pathogens, and parasites within the Redrock Prairie Creek, Narraway,  A La Peche, and 

Little Smoky herds, and to establish comprehensive, herd-specific health baselines 

(Chapter 3).  

3. Investigate the relationships among terrain, anthropogenic disturbance features, 

predator occurrence, predation-specific caribou mortalities, and caribou predation 

within the Redrock Prairie Creek and Narraway herd ranges of west-central Alberta and 

east-central British Columbia (Chapter 4). 
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In west-central Alberta, previous predator research and management relative to caribou 

conservation has mainly focused on wolves (Kuzyk et al. 2006, DeCesare 2012a, Hervieux et al. 

2014). However, west-central caribou ranges overlap with a number of other predators 

including cougar, grizzly bear, black bear, lynx, and wolverine. Although research in adjacent 

ranges in British Columbia has reported cougars, bears (black and grizzly) and wolverines as 

predators of caribou (Kinley and Apps 2001), it remains unknown whether these predators are 

a major source of caribou mortality in herds in west-central Alberta and east-central British 

Columbia .  

Here we describe results from ongoing caribou mortality site investigations carried out within 

four caribou herds in west-central Alberta and east-central British Columbia between 2013 and 

2017: the Redrock Prairie Creek (RPC), Narraway (NAR), A La Peche (ALP), and Little Smoky 

(LSM). Our goal was to determine the accurate cause of death of adult female caribou, and to 

use these data to evaluate the relative contributions of different predators to caribou mortality 

events. 

We identified mortality events of adult female caribou collared with Geographic Positioning 

System (GPS) telemetry collars (Lotek Iridium GPS 4400, Newmarket, Ontario and Televilt 

Global Positioning System, Lindesberg, Sweden) between 2013 and 2017. Caribou were 

captured and collared as part of a collaboration between Alberta Environment and Parks and 

Weyerhaeuser Ltd., or as part of ongoing research by Alberta Environment and Parks (Alberta 

Animal Care Protocol 008). The collars were programmed to send a mortality signal after eight 

consecutive hours of immobility, indicating either that the animal had stopped moving, or that 

the collar had been removed from the animal. Our goal was to visit mortality sites within 24 hrs 

of receiving a mortality signal, however this was not always possible due to poor weather 

conditions or avalanche risk (see Table 2.1). We also visited mortality sites opportunistically 

when reported by Alberta Environment and Parks (GPS and VHF collars), the fRI Research 

Grizzly Bear Program (collaborative predation project), or the Caribou Patrol 

(www.cariboupatrol.ca). 



 
 

At each mortality site, at least two trained personnel used standardized field protocols to 

determine plausible cause(s) of death of collared caribou (e.g. predation, accident, disease, 

senescence). These protocols included examination of the position, condition and distribution 

of the carcass, habitat type, identification of predator scat and prints, and collar condition. All 

sites were extensively documented via photography and detailed field notes. Although signs of 

predators may overlap, certain characteristic wounding or feeding patterns can help narrow to 

the most likely species (Alberta 2010).  

We used necropsy and mortality sampling protocols and corresponding datasheets developed 

by the Boreal Caribou Health Program (BCHP) and CircumArctic Rangifer Monitoring and 

Assessment network (CARMA) to collect biological samples from carcasses. In some cases, we 

removed partial carcasses from the site for detailed necropsy by a wildlife veterinarian. In 

addition to biological samples, we also collected feces (caribou and predator) and ectoparasites 

at mortality locations. All samples and partial carcasses were bagged and stored in a freezer at -

20°C for later examination and laboratory testing (see Chapter 3). 

We investigated 25 caribou mortalities over the four years of the study period, with the 

majority being GPS collared adult female caribou (Table 2.1; Figure 2.1). The probable cause of 

death for 14 of the caribou mortalities investigated was predation. Disease was the probable 

cause of death for three mortalities, two were caused by natural accidents (fall from a cliff and 

avalanche), three were the result of a collision with a vehicle, and three mortalities were of 

unknown causes.   

Of the 14 mortalities that were classified as predation events, four were deemed to be cougar 

and five grizzly bear. Two of the cougar mortalities were confirmed through visual observation 

of the predator at the mortality site (F432 and F453), whereas the remaining two mortalities 

(F450 and 34075) were assigned by field investigation and interpretation of animal signs. Three 

of the mortalities attributed to grizzly bear (F446, F793, and 2326) were based on characteristic 

feeding signs such as peeling of the hide (Figure 2.2), burial piles, and grizzly bear scat 

containing caribou hair (Figure 2.2). At the fourth mortality attributed to grizzly bear, a grizzly 

bear was observed at the carcass of caribou 2166 within a day of the mortality event, and the 

entire carcass was buried, a characteristic pattern for bears (Figure 2.3). Finally, although wolf 

and grizzly bear tracks were identified at the mortality site of F440, antemortum haemorrhage 

surrounding wounds more compatible with the bite pattern of a grizzly bear were identified in 

the hide (Figure 2.4), suggesting grizzly bear predation of the caribou, rather than scavenging 

from a dead animal.  



 
 

Two of the mortalities were associated with wolf predation, which was based on clear evidence 

from compatible tooth marks on the hide and the pattern of carcass consumption (Figure 2.5). 

We also visited a mortality at which signs of the presence of a wolverine were located, but the 

age of the caribou (indicated by tooth wear), and the unknown date of death (VHF collar), 

suggested it was most likely scavenging, rather than a predation event. Three mortalities had 

signs of multiple predators, and we were unable to determine with confidence which predator 

was responsible for the mortality. One caribou died after apparently falling off a cliff (F444), 

while another died in an avalanche (F458). Two males and one female from the ALP herd were 

killed in collisions with vehicles on Highway 40 North. One older caribou likely died from heavy 

winter tick infestations (964), while the probable cause of death for another was disease (F786). 

Mortality locations were distributed in a variety of habitats throughout the herd ranges (Figure 

2.1). Chapter 3 details the results of our ex situ necropsies and detailed examination of caribou 

remains for health and disease assessment. 

Table 2.1. Mortality dates (in chronological order) and probable cause of death for caribou in west -
central Alberta and east-central British Columbia between 2013 and 2017. The number of days 
between the site visit and mortality event are in parenthesis . 

ID Mortality date  Remains Herd Collar 
type 

Probable cause of death 

F440 12 May 2013 (14) Hide sections, long bones RPC GPS Predation by grizzly bear, 
scavenging by wolf  

F446 14 May 2013 (12) Hide sections, rumen, skull 
fragment 

RPC GPS Predation by grizzly bear 

F793 7 May 2013 (23) Hide sections, bones NAR GPS Predation by grizzly bear 

ALP_1 29 July 2013 (1) Entire carcass (male) ALP NA Road traffic accident 

F432 19 Aug 2013 (4) Hide sections, intact bones RPC GPS Predation by cougar (visual) 

F786 11 Oct 2013 (5) Full carcass, scavenging by 
birds 

NAR GPS Potentially disease 
(complete test results 
pending) 

F444 23 Jan 2014 (1) Full carcass – avalanche 
danger prevented ground 
visit before August  

RPC GPS Accident (fall from cliff) 

F439 27 Jan 2014 (6) Large hide section RPC GPS Predation by wolf 

ALP_2 8 March 2014 (0) Entire carcass (male) ALP NA Road traffic accident 

1354 30 Mar to 10 Apr 
2014 (7-17) 

Hide section, front legs LSM VHF Predation/Scavenging by 
wolverine 

F453 1 May 2014 (1) Limbs, intact skull, spine, 
pelvis 

RPC GPS Predation by cougar (visual) 

969291 Unknown 
(unknown) 

Bone fragment, tooth, hair ALP NA Unknown (identified during 
grizzly bear cluster visits) 

976627 Unknown 
(unknown) 

Bones ALP NA Predation by grizzly bear or 
cougar  

1068 Unknown 
(unknown) 

NA NAR VHF Unknown (no remains found 
at site, only collar) 



 
 

F448 26 Oct 2014 (2) Intact upper torso and 
head, portion of liver 

RPC GPS Predation by wolf 

F450/2
199 

17 Dec 2014 (1) Hide section, long bones RPC GPS Predation by cougar 

964 5 May 2015 (2) Full carcass LSM GPS Potentially disease 
(anemia/winter tick) 

F454 15 May 2015 (10) Bone fragments, mandible, 
hair 

RPC GPS Predation by grizzly bear or 
cougar 

34077 28 Sept 2015 (11) Skeleton, muscle, skull, hair LSM GPS Potentially disease  

1982 Unknown 
(unknown) 

Bone fragments NAR VHF Unknown 

34075 20 Oct 2015 (0) Spinal column, long bones, 
mandibles, hair 

LSM GPS Predation by cougar 

2166 11 May 2015 (1, 20) Hair, pelvis portion, bone 
fragments, metacarpus, 
radius and ulnas with hide 
portions 

LSM GPS Predation by grizzly bear 
(visual) 

2326 26 May 2015 (1, 25) Mandible, hide, ear, skull 
portions 

RPC GPS Predation by grizzly bear 

ALP_3 21 Nov 2016 (1) Full carcass ALP NA Road traffic accident 

F458 19 Jan 2017 (NA) Avalanche hazard – no visit  RPC GPS Avalanche 

 



 
 

 

Figure 2.1. Mortality locations of collared caribou in west -central Alberta and east-central British 
Columbia between 2013 and 2017. 

 

 

 



 
 

 

 

Figure 2.2. Top: Peeled caribou hide indicative of Ursid spp. feeding; bear scat is visible in the centre of 
the photo. Bottom: Grizzly bear scat containing caribou hair located at caribo u mortality site. 



 
 

Figure 2.3. Buried carcass of caribou 2166 characteristic of Ursid sp.  
 

Figure 2.4. Hide of F440 showing puncture wounds most consistent with grizzly bear.  

 



 
 

 

Figure 2.5. Hide of F439 showing puncture wounds attributed to wolf. Note also probable antemortum 
haemorrhage around the canine puncture wounds towards the bottom right of the photograph.  
 

Our results suggest that the predator guild associated with caribou mortalities in west-central 

Alberta and east-central British Columbia includes wolves, cougars, grizzly bears, and possibly 

black bears (DNA testing of bear scat is underway). Although we could only attribute 2 of the 

probable 14 predator-mediated mortalities to wolves, it is worth noting that for the first two 

years of this project, our research was focused within the ranges of central mountain caribou, 

where the distribution of caribou at high elevations during part of the year could be reducing 

overlap between caribou and wolves. Chapter 4 describes the risk of predation from wolves, 

cougars, and bears.  

There were more probable predation events by cougar and grizzly bear than expected based on 

previous literature for west-central Alberta (McLoughlin et al. 2003, Kuzyk et al. 2006), and 

perhaps of most concern is the number of mortalities caused by cougars during the four years 

of data collection. Unlike bears, cougars are active throughout the year. Although predation 

rates upon female ungulates in Alberta tend to be higher during summer (Knopff et al. 2010), 

we found evidence of cougar predation year round. Increased cougar densities associated with 

range expansion (Knopff 2010), believed to mirror the expansion of white-tailed deer range 

(Dawe 2011), may be increasing the probability of encounters between caribou and cougars in 

west-central Alberta.  



 
 

Our rapid field site investigations continued to demonstrate that to accurately associate 

mortality events to a specific predator or environmental event, prompt investigation is required 

(e.g., <1 week). Rapid mortality site investigations and necropsies on road-killed individuals also 

allowed us to carry out detailed health and disease testing, as described in Chapter 3.  

The results of health and disease testing, combined with tests from the high quality samples 

collected at other mortality investigations will for the first time, allow for assessments of the 

role of disease and health as a potential cause of death, and will also provide baseline data to 

monitor caribou health into the future (see Chapter 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Laura Finnegan, Bryan Macbeth, Helen Schwantje and Susan Kutz 

Health is increasingly recognized as a factor that may contribute to diminished survival and 

reproduction in free ranging caribou. Some determinants of caribou health such as certain 

pathogens and severe nutritional defects may kill caribou or affect their reproductive output 

directly, while others may act through more subtle, chronic or cumulative effects (compromised 

immunity, reduced body condition; (Crete and Huot 1993, Hughes et al. 2009, Gustine et al. 

2012). The relative importance of health on caribou population dynamics is expected to 

increase as climate change and the degradation of caribou ranges continues.  

To date there has been little research on the disease and health status of woodland caribou in 

western Canada. Understanding the diversity, distribution, and prevalence of pathogens, the 

overall health status of caribou herds in Alberta and British Columbia, and the relationship 

between caribou herd health and landscape features (including sympatric ungulates and 

predators), will provide an important contribution to recovery planning. Here we present 

results from the first intensive health survey of boreal and central mountain caribou herds in 

west-central Alberta and east-central British Columbia. In year one of this project, we 

presented results from mortality monitoring, fecal surveys, and health assessments of caribou 

in west-central Alberta and east-central British Columbia; data included bacterial and pathogen 

testing, nutrition and toxicology analysis, and overall health indicators (bone marrow; see 

Finnegan et al. 2016 for detailed results). In this report, we present results from our second 

winter of fecal surveys and mortality assessments of collared and road-killed caribou from 2015 

and 2016. Ultimately, we aim to establish comprehensive baseline health measurements for 

each herd. These data will provide insight into the overall health status of caribou in our study 

area, and may be used to help guide provincial recovery initiatives. 

We collected biological samples from radio-collared caribou mortalities either in the field 

(Figure 2.1), or ex situ, using standardized protocols developed by the British Columbia Boreal 

Caribou Health Research Program (BCHRP; Schwantje et al. 2014, 2016) and the CircumArctic 



 
 

Rangifer Monitoring and Assessment (CARMA) Network (Kutz et al. 2013). We also 

opportunistically collected intact carcasses of two male and one female A La Peche caribou 

killed on highway 40 (2013, 2014, and 2016). Details of sample collection and storage are 

described in Finnegan et al. (2016).  

We collected caribou fecal samples in February 2014, between January 1st and March 31st 

(helicopter based) or May 31st (ground based) 2015, and between January 1st and March 31st 

2016 (n = 466 fecal piles total; Figure 3.1). Details of sample collection and storage are 

described in Finnegan et al. (2016). We identified fecal samples from unique individuals for 

pathogen testing using genetic profiling of nuclear microsatellite markers (Wildlife Genetics 

International, Nelson; www.wildlifegenetics.ca).   

 

http://www.wildlifegenetics.ca/


 
 

 

Figure 3.1. West-central Alberta caribou ranges showing provincial range boundaries and fecal pellet 
sampling locations in 2014 and 2015. 

 



 
 

Through research collaboration with the BCHRP and Rangifer health specialists at the Canadian 

Wildlife Health Cooperative (CWHC), and the University of Calgary Faculty of Veterinary 

Medicine (UCVM) and elsewhere we developed a diagnostic testing strategy to determine the 

baseline diversity, distribution, and prevalence of selected pathogens and parasites in caribou 

from west-central Alberta and east-central British Colombia (Table 3.1). Other health indicators 

including marrow fat, trace nutrient status (Prairie Diagnostic Services Inc., Saskatoon), and 

chronic stress levels (Western College of Veterinary Medicine, University of Saskatchewan) 

were also assessed using established protocols. Tests selected focused on pathogens, parasites, 

and health indicators that could be evaluated using samples gathered from mortality site 

investigations, non-invasively, or opportunistically (from road kills). 

Table 3.1. Selected health indicators, type, potential significance, and sample(s) required to detect 
occurrence of pathogens or evaluate health status in caribou from west-central Alberta and east-
central British Colombia. Adapted from Table 1 in British Columbia Boreal Caribou Health Program 
Year 1 Synthesis Report (Schwantje et al. 2014); further details regarding the potential significance of 
each selected health indicator can be found therein . 

Health indicator Type Applicable samples 

Erysipelothrix rhusiopathiae Bacterium Serum; blood; tissue; marrow; feces 

Protostrongylid nematodes Nematode parasites Feces, various tissues 

Abomasal nematodes Nematode parasites Feces; gastrointestinal tracts 

Fascioloides magna  Trematode parasite Feces; liver 

Dermacentor albipictus (winter tick) Ectoparasite  Hide section 

Cortisol  Stress hormone Hair; feces 

Marrow fat content  Nutritional status Intact long bone; mandibles 

Trace nutrients Nutritional status Liver; blood 

 
 

Laboratory work was carried out by the UCVM and the CWHC in Calgary Alberta, Prairie 

Diagnostics Inc. (trace nutrients), and by the Western College of Veterinary Medicine, 

University of Saskatchewan (hair cortisol) by trained laboratory technicians or wildlife 

veterinarians. Diagnostic tests included enzyme-linked immunosorbent assays (ELISAs), 

molecular techniques (Polymerase Chain Reaction [PCR], full genome sequencing) and general 

and selective bacterial cultures. All diagnostic tests employed had been previously evaluated in 

Rangifer spp., either at the CWHC or as part of the BCHRP (Table 3.2).  

 



 
 

Table 3.2. Health indicators and diagnostic tests used to evaluate disease prevalence and the overall 
health status of caribou in west-central Alberta and east-central British Colombia. Adapted from Table 
5 in Schwantje et al. 2014.  

Health indicator Diagnostic test(s) 

Erysipelothrix 
rhusiopathiae 

Indirect Protein A/G-HRP ELISA to detect antibodies (in house assays: UCVM 
and CWHC, Calgary, AB) 
Direct PCR and selective tissue culture followed by full genome sequencing 

Protostrongylid 
nematodes 

Fecal Baermann with a posteriori PCR identification of dorsal-spine larvae 
(DSL) (in house assays: UCVM and CWHC, Calgary, AB) 

Abomasal nematodes Fecal floatation with morphological identification of parasite eggs (in house 
assays: UCVM and CWHC, Calgary, AB) 

Fascioloides magna  
(Giant liver fluke) 

Fecal sedimentations (Flukefinder®, Soda Springs,  ID, USA) with 
morphological identification of fluke eggs (in house assays: UCVM and CWHC, 
Calgary, AB) 

Dermacentor 
albipictus  

Morphological identification, collection of voucher specimens 

Hair cortisol Oxford EA-65 Cortisol Competitive EIA kit (Oxford Biomedical, Lansing, MI, 
USA) (Western College of Veterinary Medicine (WCVM), University of 
Saskatchewan, Saskatoon, SK) 

Marrow fat content CWHC ungulate marrow fat assessment protocol (WCWM, University of 
Saskatchewan, Saskatoon, SK) 

Trace nutrients and 
toxicology* 

High-Performance-Liquid-Chromatography (HPLC) (in house assays: Prairie 
Diagnostic Services Inc., Saskatoon, SK) 

*Trace nutrients and toxicology panels included Vitamin A and E, Beryllium (Be), Magnesium (Mg), Vanadium (V), Chromium 

(Cr), Manganese (Mn), Iron (Fe), Cobalt (Co), Nickel (Ni), Copper (Cu), Zinc (Zn), Arsenic (As), Selenium (Se), Strontium (Sr), 

Molybdenum (Mo), Cadmium (Cd), Tin (Sn), Antimony (Sb), Barium (Ba), Thallium (Tl),  Bismuth (Bi) and mercury (Hg).  

Necropsy of the male A La Peche animals killed as a result of a motor vehicle collisions in 2013 

and 2014 (ALP_1 and ALP_2) detected no notable abnormalities, although severe 

decomposition of the internal organs of ALP_1 prevented a detailed examination. ALP_2 was in 

relatively poor condition with diminished internal fat deposits and had a mild to moderate 

winter tick infestation with no associated hair loss. Necropsy of Narraway female F786 detected 

two lungworms in one lung. Of the two Little Smoky females sampled, we detected two winter 

ticks on the hide of the female 1354, and female 964 was heavily infested with winter tick. 

Finally, we identified no winter ticks or other abnormalities on the hide of the Redrock Prairie 



 
 

Creek female F448. A detailed description of necropsy findings from these individuals is in 

Finnegan et al. (2016). 

The A La Peche female euthanized after a motor vehicle collision in 2016 (ALP_3) was 

approximately 4 to 5 years old. She had compound, comminuted fractures of the right and left 

metacarpals consistent with vehicle strike, and a linear laceration extending along her back, 

through the hide, to the epaxial muscles that occurred post mortem. She was in exceptional 

body condition with abundant fat stores. We found one Echinococcus granulosus cyst in her left 

caudal lung lobe, but this cyst was likely not clinically significant. We observed multifocal pitting 

of the cortex of her left kidney, as well as a few tan to white firm, millary, granular nodules in 

the cortex and medulla of her left kidney; fixed kidney samples will be submitted for further 

histopathology. 

Using a combination of PCR and bacterial culture, we identified the bacterium Erysipelothrix 

rhusiopathiae in 9 of 17 caribou mortalities examined between 2013 and 2016 (Table 3.3). 

Table 3.3. Erysipelothrix rhusiopathiae status of caribou sampled as part of mortality site 
investigations within west-central Alberta and east-central British Columbia between 2013 and 2016.  

ID Sex Herd Probable cause of 
death 

Erysipelothrix rhusiopathiae  
tissue culture status 

ALP_1 Male ALP Vehicle Negative 
Un-collared grizzly 
kill 

Male ALP Predation Positive 

1354 Female LSM Predation/Disease? Negative 
964 Female LSM Ticks/starvation Negative 
2191 Female LSM Disease? Negative 
F440 Female RPC Predation Positive 
F444 Female RPC Accident Negative* 
F446 Female RPC Predation Positive 
F453 Female RPC Predation Positive 
F454 Female RPC Predation Negative 
F448 Female RPC Predation Positive 
F450/2199 Female RPC Predation Positive# 
F786 Female NAR Disease Positive 
F793 Female NAR Predation Positive 
1068 Female NAR Predation Negative* 
2326 Female RPC Predation Negative 
2166 Female LSM Predation Positive 

*marginal sample quality – significant autolysis or dried out 
#lungs only; brain, muscle and marrow negative 

 



 
 

With the exception of two lungworms found during examination of F786 (too autolyzed for 

definitive identification), and the Echinococcus granulosus cyst in the left lung of ALP_3, we 

detected no parasites during necropsies; therefore parasite results reported here are from fecal 

samples only. A total of 201 fecal samples from 150 individual caribou were available for testing 

(Table 3.4). 

1.5% of caribou tested (n = 3/201) had Nematodirinae eggs in their feces, while 12.4% (n = 

25/201) had Strongylate eggs. The intensity of infection was low (0.24 - 9.64 eggs/gram of 

feces). We detected tapeworm eggs (Moniezia spp.) in 12.4% (n = 25/201) of caribou tested, 

and for individuals the intensity of infections was low to high (0.51 – 125 eggs/gram of feces). 

Neither Marshallagia spp. eggs nor Eimeria spp. oocysts were detected within our samples. 

Table 3.4 summarizes results by herd and year. 

Of those caribou sampled in multiple years, male 303 (RPC) sampled in January 2015, and 

February and March 2016 had higher prevalence of Moniezia spp. in 2015 (44 eggs/gr) than in 

2016 (2.36, 2.85 egg/gr). Male 2104 (RPC) had 15.37 Moniezia spp. eggs/gr feces in March 2015 

and none in March 2016. Female 603 (NAR) had 0.24 Strongylate egg/gr in March 2015 but no 

eggs were detected in feces collected in January or March 2016. Female 706 (RPC) had 4.6 

Nematodirinae egg/gr and 74.6 Moniezia spp. egg/gr in January 2015, and no Nematodirinae 

and 48.5 Moniezia spp. egg/gr in March 2016.  

Table 3.4. Number of caribou samples collected within the ranges four west-central Alberta and east-
central British Colombia herds across two winters (2014/15 and 2015/16) with positive abomasal 
parasite results detected using fecal floatat ion (Nematodirinae, Strongylate, Moniezia spp). The total 
number of infected individuals (N), number of infected individuals by year (2015 or 2016), and intensity 
of infection (range of eggs per gram of feces (eggs/g)) in positive individuals, are shown.  

Herd Number of 
individuals  
(# samples) 

Nematodirinae Strongylate  Moniezia spp.  

N(2015, 

2016) 
eggs/g N(2015, 

2016) 
eggs/g N(2015, 

2016) 
eggs/g 

ALP  23 (25) - - 22,0 1.4, 1.7 - - 
LSM 41 (45) - - 33,0 2.8 – 9.68 21,1 13.1, 

112.7 
RPC  64 (93) 33,0 2.5 – 

6.9 
40,4 0.25 1610,6

* 2.3-125 

NAR  24 (38) - - 42,3 0.24 – 
1.71 

50,5 0.51-16.6 

*total of 10 samples from 10 individuals in 2015, and 9 samples from 6 individuals in 2016 



 
 

Using Baerman larval counts we recorded dorsal spine Protostrongylid larvae (DSLs) in 16% (n = 

32/201) of fecal samples tested across 27 individual caribou (Table 3.5, 3.6). The prevalence 

and intensity of infection of DSLs varied across herd ranges with the lowest prevalence in the 

ALP and LSM herds (4% and 7.3% of sampled individuals infected respectively), and highest 

prevalence in the RPC and NAR herds (12.5% and 25% of sampled individuals infected 

respectively; Table 3.5). Of those caribou sampled in multiple years, one had DSL in both years 

(LSM male 901), two had DSL in 2016 but none in 2015 (RPC female 508 and male 2102), and 

one had DSL in 2015 but none in 2016 (LSM male 1201). Considering caribou sampled multiple 

times during the same winter, the number of DSL recovered was inconsistent (Table 3.6).  

Table 3.5. DSL larval counts detected using Baerman larval counts of caribou samples collected within 
the ranges four west-central Alberta herds across two winters (2014/15 and 2015/16). The total 
number of infected individuals (N), number of infected individuals by year (2014/15 or 2015/16), and 
intensity of infection (larvae per gram of feces (lpg)) in positive individuals, are shown.  

Herd  Number of individuals 
(# samples) 

DSL  

   N(2014/15, 2015/16) lpg   
ALP   23 (25) 10,1 2   
LSM  41 (45) 31,2 3.3-47.8   
RPC   64 (93) 81,7 0.33-32.33   
NAR   24 (38) 61,5 0.73-23.4   

 

Table 3.6. Number of Protostrongylid dorsal spine larve (N) recovered from feces using Baerman larval 
counts of feces collected from caribou sampled within the Redrock Prair ie Creek (RPC), Narraway 
(NAR), and Little Smoky (LSM) herds in west-central Alberta across multiple winters (2014/5 or 
2015/6), and/or multiple times during the same winter (T1, T2). Data from caribou where no 
Protostrongylid dorsal spine larvae were recovered from feces (N = 123 individual caribou), or where 
the caribou was only detected during one sample event (N = 19 individual caribou) are not shown.  

Individual Sex Herd 2014/15 2015/16 

 T1 T2 T1 T2 
 Date N Date N Date N Date N 

301 M RPC 24/Jan/15 26 19/Apr/15 227 - - - - 
508 F RPC 24/Jan/15 0 4/Mar/15 0 10/Feb 

/16 
78 18/Mar/16 35 

2102 M RPC 13/Mar/15 0 - - 4/Mar/16 73 - - 
5801 F RPC - - - - 10/Feb/16 91 9/Mar/16 110 
901 M LSM 29/Jan/15 196 - - 24/Feb/16 710 - - 
1201 M LSM 14/Feb/15 3 - - 24/Feb/16 0 - - 
5301 F NAR - - - - 27/Jan/16 10 17/Mar/16 0 
5507 F NAR - - - - 27/Jan/16 1 17/Mar/16 14 

 



 
 

We detected no fluke eggs in fecal samples tested. 

Hair cortisol concentration varied across individuals (4.92-62.6 pg/mg), there were no apparent 

trends across seasons, sexes or herds, or relative to probable cause of death (Table 3.7).  

Table 3.7. Hair cortisol concentrations (pg/mg) of caribou sampled as part of mortality site 
investigations within west-central Alberta and east-central British Columbia between 2013 and 2016. 
Hair colour refers to the colours within the hair sample used for testing where 8 is near white, 5 is 
medium brown, 1 is black, and W indicates that there was white hair in the hair column.  

ID Sex Herd Mortality 
date 

Probable cause of 
death 

Sample  Conc. 
(pg/mg) 

Hair 
Colour 

F440 F RPC 12 May 2013 Predation 17.8 4 

F446 F RPC 14 May 2013 Predation 6.98 5-W 

2166 F LSM 11 May 2015 Predation 30.4 W-4 

F448 F RPC 26 Oct 2014 Predation 7.18 6-W 

F454 F RPC 15 May 2015 Predation 13.2 4-W 

2326 F RPC 26 May 2015 Predation 5.55 4-W 

ALP_2 M ALP 8 March 2014 Road traffic accident 7.04 W 

1068 F NAR Sept 2014 Predation 62.6 W 

F786 F NAR 11 Oct 2013 Disease 8.10 4-W 

ALP_1 M ALP 29 July 2014 Road traffic accident 7.37 7-5 

2197 F RPC 1 May 2104 Predation 9.64 5-W 

F444 F RPC 23 Jan 2014 Accident (fall) 7.46 5-W 

1354 F LSM April 2014 Predation 19.6 4-5 

2191 F LSM 20 Oct 2015 Predation 4.92 5-W 

 

Testing of samples from ALP_3 (roadkilled A La Peche female) is underway. Details of nutrition 

and toxicology results from caribou sampled between 2013 and 2015 are in Table 4.6 in 

(Finnegan et al. 2016). 

Using a combination of mortality site visits and non-invasive fecal sampling, this pilot project 

has provided new baseline health data for declining threatened and endangered woodland 

caribou populations in west-central Alberta and east-central British Columbia. Through 

collaborations with ongoing caribou health research programs in British Columbia, the North 

West Territories, and elsewhere, this project has also contributed towards a broader 



 
 

understanding of the role that health may play in woodland caribou population dynamics 

across their distributional range. 

Across three years of sampling we cultured E. rhusiopathiae from the tissues of 9 of 17 caribou 

examined,  8 of which probably died from predation and one (F786) which was found intact and 

most likely died as the result of disease (Table 3.3). The ecology, pathogenesis, and 

epidemiology of E. rhusiopathiae in caribou and other free-ranging ungulates are poorly 

understood (see Schwantje et al. 2014, 2016 and Finnegan et al. 2016 for a brief review), but 

the bacterial pathogen was first identified in tissues of radio-collared boreal caribou from 

British Columbia which died during a period of unusually high mortality during 2013 (reviewed 

in Schwantje et al. 2014). Since that initial finding the BCHRP has been critically evaluating E. 

rhusiopathiae in woodland caribou, and to date evidence of exposure to this pathogen has 

been recorded in live-captured and dead individuals, and in five of six herds sampled 

(Schwantje et al. 2014, 2016). Although the pathogenesis of E. rhusiopathiae is unclear, 

multiple serotypes (strains) of the bacteria are also known to exist in a variety of species which 

affect the type and severity of disease in infected animals (e.g. chronic vs. per acute fatal; 

(Bender et al. 2011, Ho et al. 2012, Forde et al. 2016)). E. rhusiopathiae infections are also 

known to be transmitted between different species (Wang et al. 2010), and could add an 

additional layer of complexity to the role of apparent competition in the decline of boreal and 

mountain caribou. The BC Wildlife Health Program has identified this bacterium or exposure to 

it in live and dead moose (Forde et al. 2016, Schwantje et al. 2016), and we are pursuing similar 

investigations in moose, deer, and elk that inhabit AB caribou ranges, with preliminary data 

indicating moose and deer within west-central Alberta also are infected with E. rhusiopathiae 

(fRI Research Caribou Program unpublished data).   

Over two winters of data collection our assessment of parasites within caribou feces detected a 

low prevalence of Trichonstronglyes (Strongylate, Nematodirinae), and was consistent with 

results reported for boreal caribou in British Columbia (14% infected, Schwantje et al. 2014). 

Prevalence of Moniezia spp. (tapeworm) infection in west-central Alberta (12%) was also similar 

to that reported in British Columbia (8% infected, Schwantje et al. 2014), but the intensity of 

infection in some caribou in west-central Alberta was higher than that of British Columbia 

(Alberta: maximum of 112 and 125 eggs/g; British Columbia 18 to 21 eggs/g; Schwantje et al. 

2014). We detected no trends in parasite infection across herds or throughout the winter, 

however of the four caribou that were sampled and infected in both winters, the intensity of 



 
 

infection was higher during the winter of 2014/15 than during the winter of 2015/16 for all four 

individuals.  

Prevalence of DSLs in caribou from west-central Alberta in 2014-16 (16%) was lower than 

previous records from the same area 1976-1982 (28.4%, Gray and Samuel 1986), lower than 

reports from British Columbia (35%, Schwantje et al. 2014), but higher than previous records 

from north-east Alberta (8.3%, Gray and Samuel 1986). Like previous research we found that 

prevalence and the intensity of infection varied across herds (Gray and Samuel 1986, Schwantje 

et al. 2014), but prevalence was highest in the RPC (12.5%) and NAR (25%) herds, and intensity 

of infection was comparative in the LSM, RPC and NAR herds (maximum 47.8 lpg, 23.4lpg, and 

32.3lpg respectively).  Of note is that all fecal samples evaluated in this pilot study had been 

stored frozen for at least one month prior to analysis and thus our fecal samples may 

underestimate the true prevalence and intensity of Ostertagia infections and infections of 

other parasites (e.g. Dictyocaulus, a lung worm; see Finnegan et al. 2016).  

We found no associations between HCC and probable cause of death (predation, accident, 

disease), and in contrast to previous research (Ewacha 2016a) there were no clear differences 

among herds or season, although further data are required to facilitate statistical comparisons. 

HCC were generally lower than fecal cortisol (10-63pgmg) and corticosterone (12-963pg/mg) 

measured in the same herds during winter (Pigeon et al. 2016), which is accordance with 

previous research comparing HCC and fecal cortisol (Bryan et al. 2013, Mastromonaco et al. 

2014).  

Hair cortisol concentrations (HCC) were generally higher (4.0-62.6pg/mg) than reported 

previously for captive (3-4 pg/mg, Ashley et al. 2011) and wild (0.6-6.9pg/mg, Macbeth 2013; 

2.3-13.9pg/mg, Renaud 2012; ~1.49-2.72 pg/mg, Ewacha 2016) Rangifer, as well as for other 

cervids (4-6 pg/mg Cervus elaphus, Chiara et al. 2016; ~0.35-0.7pg/mg Alces alces (Ewacha 

2016b).  However, previous research has found differences in HCC relative to hair colour – with 

some studies reporting higher HCC in darker hair (Macbeth et al. 2010), and vice versa (Bennett 

and Hayssen 2010, González-de-la-Vara et al. 2011). Two of the highest HCC levels in this study 

were from samples dominated by white hair (caribou 1068 and 2166; Table 3.7); after 

discounting those two samples our HCC were still higher than reported previously, but only 

marginally so (4-19.6pg/mg), although as few other studies report hair colour along with HCC, 

direct comparisons are difficult.  

Direct comparisons between our results are previous research are also difficult because in 

addition to hair colour there are a number of factors that may affect HCC. For example, in 



 
 

Rangifer, HCC may be affected by seasonal changes in coat colour and hair growth, weathering, 

and collection site on the body (Ashley et al. 2011, Macbeth 2013). Although additional samples 

may allow us to account for colour and weathering in statistical modelling, because of the 

nature of sample collection for this study (hair from carcasses), consistent collection of hair 

samples from the shoulder area, as recommended by Macbeth (2013) may be difficult. 

Collecting hair from caribou during capture may provide a more effective means of using HCC 

to monitor long-term stress in caribou in Alberta, similar to collection protocols already 

implemented in British Columbia (H. Schwantje pers. comm.). Although further validation in 

caribou is needed, HCC is a promising indicator of wildlife health (Keay et al. 2006, Ashley et al. 

2011). Implementing standardized protocols for sample collection (Cattet et al. 2014) and 

laboratory analysis (Kroshko et al. 2017) will facilitate direct comparisons across herds, sexes 

and seasons, providing valuable information that can be used to track changes in long-term 

stress in caribou in the future, relative to habitat restoration and other management actions 

within caribou ranges. 
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Human activities are a primary factor behind declines in boreal and mountain caribou (Hervieux 

et al. 2013, Johnson et al. 2015, Hebblewhite 2017), and landscape disturbances affecting 

predator-prey dynamics present the largest threat to caribou persistence (Festa-Bianchet et al. 

2011, Environment Canada 2012, 2014). Specifically, anthropogenic disturbance in caribou 

ranges is linked to increased predation risk and unsustainable mortality rates for caribou 

(Environment Canada 2012, 2014, Hervieux et al. 2014). 

Landscape disturbance can increase caribou predation risk through a number of mechanisms, 

including altered habitat use by predators and other prey species. Wolves use linear corridors 

as travel routes (James and Stuart-Smith 2000, Whittington et al. 2004, Latham et al. 2011a, 

McKenzie et al. 2012, Dickie et al. 2016), and wolves using linear features can increase their 

search rate while hunting (DeCesare 2012a, Dickie et al. 2016). Grizzly bears select disturbances 

such as cutblocks, roads, pipelines, and wellsites (Nielsen et al. 2004a, Roever et al. 2008, 

McKay et al. 2014a, b), and cougars and grizzly bears select edges created by cutblocks (Stewart 

et al. 2013, Knopff et al. 2014). Landscape disturbance can also result in apparent competition, 

whereby the conversion of mature forests into early succession stands results in an increase in 

habitat quality for other ungulate prey species such as moose, deer, and elk, increasing their 

abundance and spatial overlap with caribou, and thus increasing spatial overlap between 

caribou and shared predators like wolves, bears, and cougars (Robinson et al. 2002, DeCesare 

et al. 2010, Dawe 2011, Latham et al. 2011b, Serrouya et al. 2011, Peters et al. 2012). Wolf-

mediated apparent competition between caribou and alternate prey has been linked to caribou 

declines across the boreal forest (James et al. 2004, Wittmer et al. 2005b, 2007, Environment 

Canada 2012, 2014, Johnson et al. 2015), and research also indicates that cougar-mediated 

apparent competition could play a role in declines of some caribou populations (Kinley and 

Apps 2001, DeCesare et al. 2010).  

While a large body of evidence suggests that landscape disturbance results in increased 

predation risk for caribou (Festa-Bianchet et al. 2011, Whittington et al. 2011, DeCesare 2012a, 



 
 

Hervieux et al. 2014, Dickie et al. 2016), relatively few studies have directly assessed the 

relationships between landscape disturbance and caribou mortalities (but see James and 

Stuart-Smith 2000, Latham et al. 2011a, Apps et al. 2013). The majority of caribou mortalities 

are attributed to predation, although cause of death cannot always be confirmed (Wittmer et 

al. 2005b, Peters et al. 2012, Apps et al. 2013, Leblond et al. 2013). Investigating relationships 

between landscape characteristics and mortality locations from predation events and 

mortalities of unknown cause could provide a better understanding of how landscape features 

are associated with caribou mortality events.  

Linking caribou mortalities to predator occurrence on the landscape could also provide insight 

into the relationships between landscape disturbance, predator habitat use, and caribou 

mortality events. Caribou predator research in west-central Alberta has mainly focused on 

wolves (Kuzyk et al. 2006, DeCesare 2012a, Hervieux et al. 2014); however, research from 

adjacent herds in British Columbia indicates that central mountain caribou predators include 

wolves, cougars, grizzly bears, black bears, and wolverines (Kinley and Apps 2001). As our field-

based investigations in the RPCNAR ranges attributed predation-related caribou mortalities to 

either wolves, grizzly bears, or cougars (Chapter 2), the probability of occurrence of these 

predators on the landscape could influence overall caribou mortality risk in the RPCNAR. 

Our objective was to investigate the relationships among caribou mortality locations, terrain 

features, landscape disturbances (natural and anthropogenic; landscape models), and predator 

occurrence (predator models), within and outside of protected areas in the Redrock Prairie 

Creek and Narraway (RPCNAR) caribou ranges. We compared caribou mortality locations and 

live GPS caribou collar locations to assess mortality risk for 1) all caribou mortality events, and 

2) predation-specific mortalities only.  



 
 

Location data from GPS collars were collected between 2006 and 2015 from adult female 

caribou in the Redrock Prairie Creek (n = 50) and Narraway (n = 40) ranges. Caribou were 

collared as part of a long-term collaboration between Weyerhaeuser Company Limited and 

Alberta Environment and Parks and capture and handling protocols were approved under the 

Alberta Animal Care Protocol 008. Collars included Lotek models (Lotek 2200/3300/4400, 

Newmarket, Ontario, Canada) and Televilt collars (Televilt Global Positioning System, 

Lindesberg, Sweden). To match live caribou locations to mortality events using the appropriate 

landscape conditions and predation risk, we selected live caribou collar locations for analysis 

from individual caribou with telemetry data from the same year and season in which at least 

one mortality occurred (n = 69).  

The mortality location dataset included known mortality events of 32 collared adult female 

caribou. Due to changes in collar technology across the study period, the temporal precision of 

the mortality data varied. For mortalities with a delayed time of detection, we estimated time 

of death whenever possible, based on collar location data, telemetry flight data, and field 

observations. Patterns of caribou habitat use differ according to season, which may affect 

mortality risk for caribou relative to landscape disturbance and predator overlap (Saher and 

Schmiegelow 2005, Jones et al. 2006, Briand et al. 2009). Therefore, we excluded mortality data 

if we could not assign the caribou mortality date to a specific caribou season (spring, summer, 

fall, early winter, or late winter; MacNearney et al. 2016).  

For a number of mortality events, we were unable to determine probable cause of death due to 

delays in visiting the mortality site, or lack of evidence at the site. In other research focused on 

caribou mortalities (Peters et al. 2012, Apps et al. 2013, Leblond et al. 2013), based on previous 

evidence indicating that the majority of caribou mortality is predation-related (Wittmer et al. 

2005b, Stotyn 2008), it was assumed that mortalities of unknown cause were caused by 

predation. Thus, to enable comparison with previous research, we followed this approach for 

our ‘general’ mortality analysis; including mortalities of unknown cause while excluding any 

mortalities with a known non-predatory cause of death (e.g., roadkill). However, we were also 

interested in assessing whether relationships with landscape disturbance and predator overlap 

would differ when only mortalities classified as probable predation were included in the 

analysis. Therefore, similar to Peters et al. (2012), we carried out a second ‘predation-specific’ 

mortality analysis; including only mortalities with strong field evidence of predation as the 

cause of death (see Chapter 2 for classification criteria).  



 
 

For analysis we paired each mortality location with live caribou GPS collar locations from the 

caribou from the same herd, season, and year; excluding locations from caribou that did not 

live through the entire season-year. We randomly subsampled live caribou GPS locations to one 

location per day per individual caribou such that the number of locations paired with each 

mortality location ranged from 83 to 847.  

The RPCNAR study area includes protected areas as well as areas managed by the provincial 

government, with both anthropogenic disturbances (cutblocks, roads, seismic lines, pipelines, 

and wellsites) and natural disturbance (burnt areas) (Figure 1.1). We developed a suite of 

landscape variables (Appendix 1) based on preliminary results in our study area (Finnegan et al. 

2016), caribou mortality studies in other areas (James and Stuart-Smith 2000, McLoughlin et al. 

2005, Hebblewhite et al. 2010, Latham et al. 2011a, Apps et al. 2013), and predictors of 

predator occurrence (Nielsen et al. 2006, Knopff 2011, DeCesare 2012b). To determine the 

appropriate scale of influence for landscape variables, we calculated feature densities within 

three spatial scales (70m, 1km, and 5km; DeCesare et al. 2012). For all distance variables, we 

applied an exponential decay function (1-exp (-0.002 x distance (m))) to represent the diminishing 

effect of features at large distances; this decay causes the effect of distance to decrease rapidly 

beyond 500m, and to become approximately constant at distances greater than 2km.  

For roads, pipelines, cutblocks, burnt areas, and wellsites, we generated annual datasets for 

distances to features, and feature densities at the 70m, 1km, and 5km scales. We were 

interested in the influence of early seral stage forest on mortality risk; therefore, we included 

only cutblocks and burnt areas ≤25 years old. All conventional seismic lines (>5m in width) in 

our study area were constructed prior to 2006; therefore, we generated a single dataset for 

seismic lines that was used across all years of analysis. We considered individual linear features 

in our analysis, but also combined roads, pipelines, and seismic lines to generate a 

comprehensive linear feature layer, and calculated the corresponding annual distances and 

densities for this layer. Due to low densities of anthropogenic features within protected areas 

(Figure 1.1), we were unable to include roads, pipelines, wellsites, or cutblocks in our analysis of 

mortalities in protected areas, but we are to include the variable of combined linear features. 

We used landcover derived from two sources: 1) a combination of airborne laser scanning and 

LandSat imagery, as described in Nijland et al. (2015), and 2) the Canadian Forest Service Earth 

Observation for Sustainable Development of Forest (EOSD) cover map, generated from LandSat 



 
 

imagery in 2000 (Natural Resources Canada 2009). We combined these layers to develop 

landcover data specific to each year of our study period, incorporating annual landscape change 

due to anthropogenic disturbance (cutblocks, wellsites, roads, and pipelines), and generating 

layers for alpine habitat, forest, and open habitat. We used these layers to calculate the 

proportion of alpine habitat available within 70m, 1km, and 5km, the distance to alpine habitat, 

and the distance to forest edges.  

Using a 30m x 30m resolution digital elevation model (DEM), we extracted values of elevation, 

aspect, slope, terrain wetness (compound topographic index, CTI; Gessler et al. 2000), and 

terrain ruggedness (topographic position index, TPI; Jenness 2006). In addition, we calculated 

aspect as a binary variable incorporating south-facing slopes (135o to 225o) versus all other 

aspects. We obtained streams data from the British Columbia Freshwater Atlas (GeoBC 2009) 

and the Alberta Single Line Hydrography Network (Alberta Sustainable Resource Development 

2000), and calculated distances to large streams and rivers (3rd Strahler order and higher), and 

distance to all streams in the study area (Appendix 1). 

We used predator resource selection functions (RSFs) as indices of predation risk based on the 

assumption that predation risk for caribou is directly related to the probability of predator 

occurrence (Gustine et al. 2006, Ciuti et al. 2012, Leblond et al. 2016). We applied previously 

established RSF equations for grizzly bears, cougars, and wolves in west-central Alberta (Nielsen 

et al. 2006, Knopff 2011, DeCesare 2012b, Knopff et al. 2014) to calculate RSF values for each 

predator across the study area; updating landcover layers annually to account for landscape 

change, and calculating RSFs by year for each predator.  

Grizzly bears do not present a year-round predation risk for caribou; therefore, we designated 

April 16 to November 15 as the grizzly bear predation season, based on average den exit and 

entry dates in west-central Alberta (Graham and Stenhouse 2014, Pigeon et al. 2016). Caribou 

locations and mortalities occurring outside of the designated grizzly bear predation season 

were assigned RSF values of 0. Grizzly bear RSFs for the Grande Cache population unit were 

previously available for the Alberta side of our study area (Nielsen et al. 2006, 2009), and we 

used these RSF coefficients to extrapolate RSF values for spring, summer, and fall into the 

British Columbia portion of the study area.  

For wolves, we generated annual and seasonal (summer and winter) RSFs for the foothills and 

mountain regions within the RPCNAR using RSF equations from DeCesare (2012). We then 

generated annual and seasonal RSF surfaces across the study area by merging foothills and 



 
 

mountain RSFs based on Alberta natural subregions and British Columbia ecoregions (Natural 

Regions Committee 2006, GeoBC 2017).  

Cougar habitat use data were not available for our study area; however, cougar RSF equations 

have been generated from research completed south-east of our study area, near the town of 

Nordegg, within the boreal foothills and mountains of west-central Alberta (Knopff 2011, 

Knopff et al. 2014). The Nordegg study area was largely similar to the RPCNAR in terms of 

landscape disturbance, terrain, protected areas, and landcover (Figure 1.1; Knopff et al. 2014); 

therefore, we used RSF equations derived in the Nordegg study area to approximate cougar 

habitat use within our study area.  

We calculated predator RSF values at a 30m x 30m resolution and generalized the resolution to 

an appropriate spatial scale for each predator. For wolves, we calculated average RSF values 

using a 1km radius, based on previously reported prey detection and encounter distances 

(Mech and Boitani 2003, Muhly et al. 2010, Whittington et al. 2011). Predatory behaviour in 

grizzly bear populations is variable (Boertje et al. 1988, Zager and Beecham 2006), but grizzly 

bears are generally considered opportunistic carnivores, hunting at smaller spatial scales 

(Reynolds and Garner 1986, Zager and Beecham 2006, Kays and Wilson 2009). Therefore, we 

used a 70m radius for grizzly bear RSFs, assuming that bears would not be traveling long 

distances in search of adult ungulate prey. We also calculated average RSF values for cougars 

using a 70m radius, based on the assumption that cougars are ambush predators (Husseman et 

al. 2003, Chetkiewicz and Boyce 2009, Bartnick and Van Deelen 2013).  

For data analysis, we used the relative probabilities of predator occurrence for each predator 

(RSF values scaled between 0 and 1) to allow for direct comparison between predator model 

coefficients. For each year of data, we extracted annual predator RSF values to caribou 

mortality location and live locations, and for wolves and grizzly bears, we matched mortality 

dates and live caribou locations with values from the appropriate predator season.  

We completed all data exploration and statistical analyses within RStudio (RStudio Team 2015). 

We used the same analytical approach for the general mortality analysis (including mortalities 

of unknown cause) and the predation mortality analysis (mortalities with evidence of probable 

predation only), and before data analysis we partitioned datasets into locations from protected 

areas and unprotected areas due to differences in densities of anthropogenic features. We used 

conditional logistic regression (‘clogit’, package ‘survival’ in RStudio, Therneau 2015) to assess 

the influence of landscape variables and predator distribution on caribou mortalities; matching 

mortality locations to live caribou locations from the same herd, season, and year. For all 



 
 

analyses, variables were considered important predictors of mortality if the beta (β) coefficient 

± standard error (SE) did not overlap zero. We used k-fold cross-validation for conditional 

logistic regression (package ‘hab’, Basille 2005) to assess the fit of our final models for 

protected and unprotected areas, and to evaluate the ability of models to predict mortality 

events.  

Our initial dataset included a number of potential predictor variables and spatial scales (e.g., 

distance to road and road densities within 70m, 1km, and 5km; Appendix 1). First, to determine 

the best spatial scale for each predictor variable, we carried out univariate conditional logistic 

regression analyses, and selected one variable from each group based on values of quasi-

likelihood under independence criterion (QIC, calculated in the R package ‘MuMin’; Bartón 

2015). Before building models, we screened all continuous variables for correlations, and to 

assess correlations between binary variables, we reviewed histograms and ran individual 

logistic regressions with single predictor variables. When two variables were correlated 

(correlation coefficient ≥0.5 or significant regression statistics [p ≤0.05] between binary 

variables), we used the variable with the best univariate QIC for the final analysis. 

Because our goal was to maximize the predictive ability of models rather than test competing 

hypotheses, we used a forward selection approach for model building (Hosmer and Lemeshow 

2005, Nielsen et al. 2010). Specifically, using the variables selected from each set of predictors 

in our preliminary analysis, we ran a set of univariate conditional logistic regression analyses 

within the protected and unprotected area datasets. Using the variable with the lowest QIC as 

the predictor in our first model, we added the variable with the next best QIC, and determined 

whether the second (multivariate) model explained more variation than the first (univariate) 

model, based on QIC values. Selecting the variable with the next best univariate QIC, we 

continued to add variables one at a time to the combined models until we did not observe any 

improvement in the QIC. 

Before fitting predator models, we assessed correlations among predator RSF surfaces using 

Pearson’s r. Due to strong negative correlations between wolf and cougar RSFs outside of 

protected areas (r = -0.7), we built separate wolf/grizzly bear models and cougar/grizzly bear 

models. For protected areas, we included wolf, grizzly bear, and cougar RSFs as covariates in 

the same model.  



 
 

Our dataset consisted of 32 caribou mortality events (general mortalities) between 2006 and 

2015; 13 within protected areas and 19 outside of protected areas. Eighteen mortality events 

were classified as predation-related (predation mortalities), and 14 were of unknown cause. 

RSFs of wolf, grizzly bear, and cougar occurrence at the start (2006) and end (2015) of the study 

period are in Appendices 2 through 4. 

Within protected areas, general caribou mortalities (n = 13) occurred closer to streams than live 

caribou locations (β = -3.77 ± 0.98), while predation mortalities (n = 6) occurred in areas of 

lower elevation compared to live locations (β = -4.64 ± 2.14). Outside of protected areas, 

general caribou mortalities (n = 19) occurred in areas with higher road densities, at lower 

elevations, and closer to forest edges and streams than live caribou locations (Table 4.1). 

Predation mortalities outside of protected areas (n = 12) occurred closer to streams and in 

areas with lower terrain ruggedness (TPI), and higher pipeline densities than live caribou 

locations (Table 4.1). 

Table 4.1. Coefficients (β) and standard errors (SE) for landscape variables (terrain and disturbance) 
used to explain mortality risk for general mortalities and predation mortalities outside of protected 
areas in the RPCNAR between 2006 and 2015.  

Landscape variable General mortalities Predation mortalities 

 β SE β SE 
Distance to stream -2.64 0.84 -3.30 2.15 

Elevation (km) -3.34 1.16   –     –   

TPI   –     –   -1.11 0.50 

Road density 17.00 10.20   –     –   

Pipeline density   –     –   109.65 31.60 

Distance to forest edge -3.51 1.50    –     –   

 

Using landscape conditions in 2015, maps of predicted relative mortality risk for caribou based 

on general mortality and predation mortality models are shown in Figures 4.1 and 4.2. 



 
 

 

Figure 4.1. General mortality model, predicted relative probability of mortality for protected areas and 
outside of protected areas in the RPCNAR,  based on landscape conditions in 2015. 



 
 

 

Figure 4.2. Predation mortality model, predicted relative probability of mortality  for protected areas 
and outside of protected areas in the RPCNAR, based on landscape conditions in 2015.  

 

Outside of protected areas, pipeline, road, and seismic line variables were correlated with each 

other. One of our goals was to specifically evaluate the relationships between individual linear 

features and caribou mortality locations, and our preliminary results suggested an influence 

from each linear feature type. Therefore, we present the results of separate univariate models 

including each of these linear features (pipelines, roads, and seismic lines), and a comparison of 

the univariate models using QIC values and model weights for each of the general mortality and 

predation mortality datasets. General mortalities occurred in areas of higher densities of 

pipelines, roads, and seismic lines than live caribou locations, while predation mortalities 



 
 

occurred in areas with higher densities of pipelines and roads, and closer to seismic lines than 

live caribou locations (Table 4.2). Figures 4.3 through 4.6 illustrate the predicted probabilities of 

caribou mortality in response to linear features outside of protected areas, based on univariate 

model coefficients.  

Table 4.2. Coefficients (β), standard errors (SE), QIC values, and model weights for univariate linear 
feature models used to explain mortality risk for general mortalities and predation mortalities outside 
of protected areas in the RPCNAR between 2006 and 2015.     

Linear feature β SE QIC Weight 

General mortality models Pipeline density 85.8 29.9 193.8 0.069 
   

Road density 34.9 9.4 189.2 0.718 
   

Seismic line density 25.8 8.0 191.6 0.212 

Predation mortality models Pipeline density 121.3 31.6 109.4 0.875 
   

Road density 30.2 10.3 115.2 0.049 
   

Distance to seismic line  -2.6 0.9 114.3 0.076 

 

 

Figure 4.3. Predicted relative probability of mortality for general mortalities and predation mortalities  
in response to pipeline density outside of protected areas, in the RPCNAR between 2006 and 2015.  



 
 

 

Figure 4.4. Predicted relative probability of mortality  for general mortalities and predation mortalities 
in response to road density outside of protected areas, in the RPCNAR between 2006 and 2015.  

 

Figure 4.5. Predicted relative probability of mortality  for general mortalities in response to seismic line 
density outside of protected areas, in the RPCNAR between 2006 and 2015.  

 



 
 

 

Figure 4.6. Predicted relative probability of mortality  for predation mortalities in response to decay 
distance to seismic lines, outside of protected areas, in the RPCNAR between 2006 and 2015.  

Within protected areas, general caribou mortalities and predation mortalities occurred in areas 

with a higher probability of wolf occurrence than live caribou locations, and predation 

mortalities occurred in areas with higher probability of wolf and grizzly bear occurrence (Table 

4.3).  

Table 4.3. Coefficients (β) and standard errors (SE) for predator RSFs (wolf, grizzly bear, and cougar) 
used to explain mortality risk for general mortalities and predation mortalities within protected areas 
in the RPCNAR, between 2006 and 2015.  

Predator RSF General mortalities Predation mortalities 

 β SE β SE 

Wolf 6.41 3.38 8.34 4.16 

Grizzly bear 1.86 2.08 4.53 2.75 

Cougar -2.61 5.10 -2.61 8.07 

 

Outside protected areas, general mortalities and predation mortalities occurred in areas with 

higher probabilities of wolf and grizzly bear occurrence when compared to live caribou 

locations (Tables 4.4a and 4.4b). Mortalities also occurred in areas with a low probability of 

cougar occurrence.    



 
 

Tables 4.4.  Coefficients (β) and standard errors (SE) for a. wolf/grizzly bear and b. cougar/grizzly bear 
RSF models used to explain mortality risk for general mortalities and predation mortalities outside of 
protected areas in the RPCNAR between 2006 and 2015.   

 Predator RSF General mortalities Predation mortalities 

  β SE β SE 

a.  Wolf 9.08 2.13 10.3 2.52 

 Grizzly bear 5.96 1.45 6.67 1.65 

b.  Grizzly bear 5.05 1.35 5.44 1.53 

 Cougar -3.70 2.82 -6.22 3.44 

 

K-fold model validation indicated poor predictability of mortality locations for landscape and 

predator models (rs < 0.5 in all cases); k-fold results for each model are found in Appendix 5. 

However, model comparison (QIC) of landscape models versus predator models indicated that 

landscape models were better predictors of general mortalities, while predator RSF models 

were better predictors of predation mortalities.  

We used 10 years of caribou mortalities and live caribou GPS locations from the Redrock Prairie 

Creek and Narraway caribou herds to assess how landscape disturbance, terrain, and overlap 

with predators influenced the spatial distribution of caribou mortalities. Both within and 

outside of protected areas, we found that elevation and distance to streams were consistently 

associated with high caribou mortality risk in the RPCNAR. Outside of protected areas, 

anthropogenic linear features also influenced mortality risk; high densities of linear features 

were associated with a higher probability of caribou mortality. Mortality risk increased with the 

probability of wolf and grizzly bear occurrence within and outside of protected areas. Results 

were similar between the general mortality (all mortalities) and the predation-only (probably 

predation) mortality analyses. 

Streams are known predictors of grizzly bear habitat selection (Nielsen et al. 2002) and wolf 

habitat selection and movement (Latham et al. 2011a, DeCesare 2012b); therefore, the strong 

association between caribou mortalities and distance to streams was expected. Likewise, 

increased mortality risk at low elevations and in areas with low values of terrain ruggedness is 

consistent with previous research (Whittington et al. 2005, DeCesare 2012b, Apps et al. 2013). 

Using these same caribou GPS data, Hebblewhite et al. (2010) reported increased caribou 

survival with increased availability of alpine habitat, suggesting that areas of high elevation may 

provide a refuge for caribou. However, in our study area, grizzly bears select alpine habitat 

(Nielsen et al. 2006), and recent research suggests that caribou using high elevation habitat to 



 
 

avoid wolves may be at higher risk of predation from bears (Pinard et al. 2012, Leblond et al. 

2016).  

Outside of protected areas, linear features were important predictors in landscape models, and 

mortality risk consistently increased with increasing densities of roads, pipelines, and seismic 

lines. Previous research regarding the direct influence of linear features on caribou mortality 

risk has reported mixed results. In northeastern Alberta, James and Stuart-Smith (2000) found 

that caribou mortalities attributed to wolves took place closer to linear corridors than live 

caribou locations. In contrast, using collar data collected 10 years later within the same region, 

Latham et al. (2011a) reported that caribou mortalities were not closer to seismic lines or 

pipelines than live caribou locations, but mortalities did occur closer to roads. In British 

Columbia, Apps et al. (2013) found that caribou mortality risk increased with increasing road 

density. Our multivariate landscape models and univariate linear feature models for both 

general and predation mortalities detected strong associations between linear feature densities 

and caribou mortality risk. Linear features increase predator access to caribou, as they are 

selected by wolves and bears (James and Stuart-Smith 2000, Whittington et al. 2004, Latham et 

al. 2011a, DeCesare 2012b, McKenzie et al. 2012, McKay et al. 2014a). In addition, linear 

features facilitate wolf movement and search rates while hunting (DeCesare 2012a, Dickie et al. 

2016), and encounters between caribou and wolves increase near linear features (Whittington 

et al. 2011). Our results therefore provide further evidence that linear features play a role in 

caribou population declines, and that outside of protected areas within RPCNAR caribou ranges, 

linear features (roads, conventional seismic lines, and pipelines) increase the probability of 

caribou mortality.  

In accordance with previous research focused on apparent competition, we expected an 

association between early seral stage habitat and caribou mortalities (Wittmer et al. 2007, 

Hebblewhite et al. 2010). However, we found no evidence to suggest that the proportion of 

early seral stage habitat (recent burns in protected areas and cutblocks outside protected 

areas) predicted caribou mortality locations. Similarly, Apps et al. (2013) found that caribou 

were not more likely to die in landscapes with abundant early seral stage forests, possibly due 

to the limited availability of young forests in low elevation habitat within the study area; a 

similar pattern may be present in our study area. It is also important to consider that caribou 

generally avoid forestry cutblocks and early seral stage stands (Smith et al. 2000, Hins et al. 

2009, DeCesare 2012b), and a caribou mortality cannot occur in these areas if a caribou is not 

present. In other words, the lack of association between early seral stage habitat and caribou 

mortalities may actually be a result of habitat avoidance. Regardless, grizzly bears are known to 

select for the foods available in early seral stands (Nielsen et al. 2004a, b), and larger scale 



 
 

impacts on caribou mortality rates may result from increasing alternate prey and associated 

increased predator densities associated with these habitats (Robinson et al. 2002, Dawe 2011, 

Latham et al. 2011b, Serrouya et al. 2011, Peters et al. 2012). The edges created by forest 

disturbances are known predictors of both grizzly bear and cougar occurrence (Stewart et al. 

2013, Knopff et al. 2014), and proximity to forest edges increased the probability of mortality 

risk in our analysis. 

When investigating the overlap between mortality locations and predators, general mortality 

locations were most strongly associated with the probability of wolf occurrence, and predation 

mortalities were also associated with higher grizzly bear RSF values within and outside of 

protected areas. These results are consistent with our landscape models; terrain and 

disturbance variables associated with caribou mortality risk (distance to streams, elevation, 

linear features, and distance to forest edges) are also important predictors of wolf and grizzly 

bear occurrence.  

Outside protected areas, we detected a strong inverse relationship between wolf and cougar 

occurrence, suggesting spatial separation between the two predators. This relationship 

appeared to be driven by linear features; while wolves select seismic lines and roads, cougars 

avoid them (DeCesare 2012b, Knopff et al. 2014). Previous research also suggests that cougars 

may shift their habitat use and switch prey species with wolf expansion into their range 

(Kortello et al. 2007, Bartnick and Van Deelen 2013). Continued data collection and research on 

cougars is currently underway in the RPCNAR area, and will inform a region-specific habitat 

model for cougars with more information on cougar-specific predation risk for caribou.  

Our analysis considered a large range of terrain and disturbance variables; however, k-fold 

validation suggested poor predictability of caribou mortality models, and therefore our results 

should be interpreted with caution. Poor validation results may be in part due to our small 

mortality sample size, and because of additional factors that we were unable to include in our 

analysis, such as caribou health and age, winter snow conditions, caribou herd size, and local 

population sizes of predators and alternate prey. Ongoing work, including analysis of caribou 

movement rates and habitat selection patterns prior to mortality events (e.g., Leblond et al. 

2013), could provide further insights into caribou mortality risk. 

In conclusion, our results suggest that caribou mortality risk in the RPCNAR is related to a 

combination of terrain and anthropogenic disturbance features including streams, elevation, 

and linear features, and is strongly associated with the probability of wolf occurrence. To 

reduce caribou mortality risk, habitat restoration efforts could be focused in areas of high linear 

feature densities, and towards landscape disturbances located near riparian areas. Restoration 



 
 

efforts could be further prioritized by using the probability of occurrence for wolves, grizzly 

bears, and cougars to identify areas within caribou ranges where the probability of caribou 

encounters with predators are highest.  

 



 
 

 
The overarching objectives of this project included: 1) determine accurate causes of caribou 

mortality, including the relative roles of predators, 2) provide insight into the overall health and 

disease status of caribou within west-central Alberta and east-central British Columbia, and 

establish comprehensive, herd-specific health baselines, and 3) assess potential mortality risk 

factors associated with predation in west-central Alberta and east-central British Columbia. 

Using data collected from rapid site investigations of mortality events, we established that the 

predator guild associated with caribou mortalities in west-central Alberta and east-central 

British Columbia included not only wolves, but also cougars and bears. This knowledge could 

have implications for management of alternate prey and predator populations in these caribou 

ranges, and also demonstrates the value of rapid mortality site investigations to determine 

accurate cause of death for caribou. 

Based on biological samples collected from non-invasive winter pellet collection and necropsies 

of collared female caribou and road-killed individuals, we detected the bacterium Erysipelothrix 

rhusiopathiae in 9 of the 17 caribou tested, detected lungworms in the Narraway herd, and 

identified individuals with heavy winter tick infestation in the Little Smoky herd. We also 

collected additional health indicator data (bone marrow, hair cortisol, and trace nutrients) for 

all the herds investigated. Although the broad scale and population-level impacts of 

Erysipelothrix rhusiopathiae, winter tick, pathogens, and additional heath indicator data are still 

poorly understood, research from British Columbia, and on other ungulates, suggest that these 

health indicators are of value for health monitoring of boreal and mountain caribou. 

Additionally, the ability to collect samples for health testing from mortalities, rapidly for 

collared individuals, and non-invasively from fecal pellets, make these potential health 

indicators attractive targets for health monitoring programs. Moreover, standardized sampling 

and laboratory practices across herds and provinces would facilitate direct comparisons and 

contribute towards baseline datasets of health in these declining caribou herds. Continued 

sample collection and research focused on assessing and understanding caribou health 

contribute towards a broader understanding of wildlife health and could be used to directly 

inform caribou recovery initiatives by identifying priority areas for restoration based on disease 

transmission risk. Baseline datasets could also help identify herds that may be at higher risk of 

disease outbreaks, particularly with the expansion of moose, deer, and elk within caribou 

ranges and within the context of climate change. 

Our assessment of caribou mortality risk relative to landscape characteristics and predator 

occurrence were largely in accordance with previous research. Caribou mortalities were 

associated with low elevation areas, proximity to streams, and areas with higher densities of 



 
 

anthropogenic linear features. Specifically, mortalities were closer to seismic lines, in areas with 

higher densities of seismic lines, and in areas with higher densities of pipelines and roads. 

Caribou mortalities were also more likely to occur in areas with a higher probability of wolf 

occurrence (also associated with linear features and streams). Combined, these results support 

current management actions focused on restoration of seismic lines, and our spatially explicit 

landscape models of mortality risk could be used to target seismic line restoration activities to 

areas where caribou mortality risk is highest. In addition, our annual probability of occurrence 

surfaces for wolves, grizzly bears, and cougars could be used to target restoration activities to 

areas that would reduce species-specific predation risk for caribou. 

Overall, this project used innovative field investigations, standardized laboratory techniques, 

and analysis of existing data to contribute knowledge that may be important for caribou 

recovery efforts. Ongoing and collaborative research (within and between provinces) to 

continue data collection on caribou health while using standardized mortality site investigations 

and standardized laboratory practices would contribute towards a baseline dataset on caribou 

health and disease in western Canada. This baseline health and disease dataset could then be 

used to track changes in predator-prey dynamics over time (e.g., cougar range expansion), and 

to monitor the potential spread of diseases and pathogens (e.g., winter ticks). More directly, 

the results of this report could be used by land managers to best direct caribou recovery 

initiatives and caribou habitat restoration priorities to areas where activities will have the 

greatest benefit for caribou and will be most cost-effective for stakeholders. 
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