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EXECUTIVE SUMMARY 

Woodland caribou (Rangifer tarandus caribou) are classified as threatened in Alberta 

(under the Alberta Wildlife Act) and nationally (under the Species at Risk Act), and are declining 

throughout their range, likely due to resource extraction activities that are altering predator-

prey dynamics.  Banff and Jasper National Parks maintained historical populations of woodland 

caribou, although numbers in both parks have declined since the 1980s, and the Banff herd was 

extirpated in the spring of 2009.  The cause of declines within the national parks, where 

resource extraction does not occur is less clear, but are hypothesized to be due to predation 

and indirect habitat loss. Recolonization of the National Parks by wolves in the 1970’s and 

1980’s appeared to be related to declines of caribou in Banff and Jasper as a result of high 

densities of primary prey (elk) populations that expanded during decades of wolf extirpation. As 

a result of these transient dynamics, wolf densities likely exceeded historically common 

densities, increased their overlap with caribou, and caused declines of caribou through the 

mechanism of apparent competition where higher densities of primary prey (elk) increase wolf 

populations (and other predators), causing excessive predation rates on secondary, rarer prey 

such as caribou. Recovery of caribou is thus tied to both population processes such as densities 

of wolves and primary prey, but also factors that affect the spatial overlap between 

wolves/primary prey and caribou. Human activities in the National Parks also can affect this 

overlap and predation risk; caribou are known to be sensitive to human activities and avoid 

trails and roads because of human recreation, and because wolves and other predators also use 

human trails/roads. Finally, caribou are old-growth specialists and obligate lichen feeders 

especially during winter, and the direct loss of lichen-bearing old growth forests can directly 

reduce habitat available for woodland caribou. In the mountain parks, fire is the primary 

mechanism of direct habitat loss, and could also indirectly affect separation of caribou and 

wolves.  

 

 Parks Canada has an active fire management program within the Mountain Parks with 

goals to restore ecological integrity, reduce the risk of catastrophic fires near townsites in the 

Parks and adjacent provincial lands, and the management/control of mountain pine park 

beetle.  Mountain pine beetle can be found in all of the mountain national parks, although 

serious outbreaks are currently found only in Kootenay, and Yoho.  For the most part, caribou 

ranges in Banff and Jasper have to date been spared beetle occurrence, however Parks Canada 

is also mandated to use prescribed fire to maintain a natural disturbance regime and uses fire 

as a tool to manage beetle outbreaks and habitat.  While fire can improve habitat for some 

species (i.e. elk and grizzly bear), it may be detrimental to species that rely on older seral stage 

forests (i.e. caribou).  Indirect effects of fire on caribou are also possible when caribou herds 

come into contact with greater numbers of predators whose populations have been buoyed by 
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increased total numbers of prey, or who have followed migratory primary prey into caribou 

habitat. Thus, because of the importance of the restoration of fire to the mountain parks, but 

also the potential for fire to have negative effects on threatened caribou populations, in 2007, 

Parks Canada contracted the University of Montana and University of Calgary to conduct a 

spatial analysis of the effects of fire on caribou habitat in the mountain parks.  

 

This project addresses three main hypotheses considered to contribute to caribou declines 

within the mountain national parks at the herd scale, with a focus on the role of fire in affecting 

caribou persistence in the National Parks.  First, the habitat loss hypothesis predicts that 

caribou are limited by the availability of preferred habitat, which may be lost directly due to fire 

or constrained by human use.  Second, the spatial separation hypothesis predicts that most 

caribou mortality occurs when wolves are drawn into caribou areas following seasonal 

movements of their primary prey (elk or moose), possibly in response to availability of young 

seral vegetation classes following fire.  Third, the human disturbance hypothesis states that 

avoidance of human activity at the 2nd order scale currently limits the availability of caribou 

habitat. 

 

Our report focused on how changes to fire management in the National Parks changed the 

spatial and seasonal overlap of wolves and other ungulates with caribou, and related changes in 

fire to potential population implications for caribou recovery. Given the limitations of any 

particular analysis, we did not address how changes to other management parameters, which 

our report helps to identify, affect caribou viability. For example, our report focused on how fire 

changes overlap of wolves and caribou, but did not investigate effects of changes to human 

activity or active management of primary prey populations through translocation or culling 

might also affect caribou viability. Likewise, we did not identify spatial density thresholds of 

primary prey and wolf densities for caribou viability.  The authors of this report recognize that 

recommendations vis-à-vis the management of fire and caribou viability must occur within a 

broader Parks Canada management plan and caribou recovery plan. Nonetheless, our report 

provides some clear guidelines and recommendations for maintaining caribou and fire given 

current ecological conditions that can be integrated into other Parks Canada management 

plans.   

 

Through data sharing agreements with Alberta Sustainable Resource Development (SRD), 

Weyerhaeuser Company, Shell Canada, Parks Canada, and the University of Alberta, we 

assembled a database of almost 500,000 GPS and VHF telemetry locations from moose, elk, 

caribou, and wolves within the National Parks and surrounding environs.  This is the most 

comprehensive multispecies habitat modeling project ever conducted in the National Parks. We 

used this data in a  generalized linear mixed-effects modeling (GLAMM) and generalized 
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additive model (GAM) framework to create seasonal resource selection functions (RSFs) at a 

2nd order, herd, or landscape scale.  Resource selection functions were built from the same 

suite of candidate variables of landcover and stand age for all species, making final models 

directly comparable and allowing the use of habitat ranking models, to assess species overlap 

by subtracting inter-species RSFs. 

 

We found that elk home ranges tended to occur in areas closer to roads and towns year 

round, especially nonmigratory elk that inhabit areas near the Banff and Jasper townsites. 

During winter, we found elk showed some avoidance of areas close to trails, possibly because 

of stronger selection by wolves for trails during winter.  Wolf home ranges showed year round 

selection for areas of higher human activity such as in valley bottoms that was likely driven by 

their strong selection for nonmigratory elk. Wolf diets were dominated by white-tailed deer, 

moose and elk in Jasper, thus, elk may be of reduced importance in driving wolf-caribou 

dynamics in Jasper. These home range scale effects resulted in all caribou showing strong 

avoidance of areas within 555m of trails and roads during summer.  During winter, most 

caribou herds showed home range selection for areas closer to human activity (roads and 

trails), except notably the Tonquin herd.  However, as only the Tonquin avoided human trails in 

winter, we do not believe habitat loss due to human disturbance (the human disturbance 

hypothesis) to be the major factor limiting caribou populations within the National Parks. 

 

Caribou strongly avoided burns and areas between 10 and 18 km from burn boundaries 

depending on season.  Wolves showed strong selection for burns and areas within 4km of burns 

year round, but the effect was strongest during summer. This selection of burned areas 

corresponded to summer selection of burns by migrant and nonmigrant elk, and year round 

selection of burns and surrounding areas by moose.  The spatial or aggregative response of 

wolves was strongly driven by selection for elk year round, and especially nonmigratory elk 

during summer. Therefore, despite the reduced importance of elk in the diet of wolves in Jasper 

as compared to Banff, nonmigratory elk populations buoyed by predation refugia surrounding 

the townsites of Jasper and Banff, likely have a dramatic positive numeric response on wolves, 

and negatively affect caribou. We recommend continued efforts to reduce resident elk herds 

surrounding the townsites of Banff and Jasper and at the Ya Ha Tinda elk winter range. 

 

Through simulation of prescribed and natural fire we found that, despite the strong 

avoidance of burns by caribou, minimal direct loss of caribou habitat occurred following fire. 

Caribou habitat quality was reduced in a 1:1 fashion when fires burned areas within their home 

ranges. Our landscape simulations showed that burning 1% of a caribou home range resulted 

in, on average, a 1% loss of high-quality caribou habitat.  High- quality habitat was generally 

abundant for all herds.  We therefore reject the habitat loss hypothesis.  Conversely, the 
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indirect effects of fire were amplified on caribou due to the strongly non-linear attraction of 

wolves to burns and the attraction of alternate prey, moose and elk, to fires. For every 1% of a 

caribou home range burned, either by prescribed or ‘natural’ fire, the amount of spatial 

separation between wolves and caribou declined by an average of 10%. This result provides 

strong support for the main effect of fires being increased overlap of wolves, moose and elk on 

caribou. Therefore, the main effect of fire on caribou in the Canadian Rockies is to decrease the 

spatial separation between caribou , wolves, moose and elk, supporting the spatial separation 

hypothesis. 

 

Our assessment of caribou habitat showed significant population benefits to caribou 

maintaining spatial separation from wolves and primary ungulate prey species, especially 

during winter. The two largest herds with the highest viability, the Tonquin and A La Peche 

caribou herds had the most amount of spatial separation from wolves, and showed increased 

spatial separation from wolves during winter. In contrast, declining/extirpated herds, including 

Banff, the Maligne and Brazeau herds, had much less spatial separation from wolves and 

reduced spatial separation during winter. The Banff herd had the highest spatial separation 

from wolves during summer, however.  Given results of a recent PVA for the 4 southern most 

caribou herds in Jasper and Banff, the Maligne and Brazeau herds face imminent risk of 

extirpation within 10-15 years. As a result, reintroduction of caribou to Banff, if carried out, will 

have to be planned carefully to manage for reduced spatial overlap with wolves during winter, 

reduced primary prey density, potentially reduced human activity, and reduced risk of 

prescribed and natural fire. 

 

Given the strong negative effects of fire on caribou habitat, mediated through increasing 

overlap with wolves and their primary prey, we recommend Parks Canada consider postponing 

or delaying implementation of prescribed fires within the current range of all caribou herds if 

the goal is to maintain and recover all populations of mountain caribou within Banff and Jasper.  

Further, we recommend the deferment of prescribed fires within at least a 4km buffer of 

current caribou home ranges, and suggest burns within a 14 km buffer of current home ranges 

(mean distance of burn avoidance by caribou in summer and winter) be scrutinized.  Fire 

suppression may even need to be considered for natural fires within core caribou recovery 

areas. We emphasize that trade-offs between fire and caribou will extend beyond just old 

growth stands where caribou lichen biomass is highest or within current caribou home ranges.  

Despite the selection of caribou for old growth stands in winter, and high elevations in summer, 

lower elevation fires within buffer zones surrounding caribou herds may still affect the spatial 

overlap of caribou and wolves, caribou predation, and ultimately caribou recovery with the 

Mountain National Parks.  
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We recognize that this recommendation presents a difficult policy challenge for Parks 

Canada managers to overcome between the restoration of prescribed fire under the National 

Parks Act’s directive to consider ecological integrity in all Parks management plans and the 

recovery of mountain caribou under the Species at Risk Act. Ecological integrity is defined to be 

a condition that is determined to be characteristic of its natural region and likely to persist, 

including abiotic components and the composition and abundance of native species and 

biological communities, rates of change and supporting processes.  This definition obviously 

includes both ecological processes such as fire and threatened/endangered species such as 

caribou. Based on our research, the management challenge will be to determine the spatial 

arrangement of prescribed (and natural) fire and caribou, and will depend on the management 

goals for recovery of southern mountain caribou by Parks Canada.  Because the recovery goals 

for southern mountain caribou have not been federally designated by the responsible federal 

agency, Environment Canada, reconciling this challenge will be difficult for Parks Canada 

managers. Therefore, we recommend that Parks Canada work with Environment Canada to 

clearly articulate recovery goals for mountain caribou that consider the spatial trade-offs 

imposed by the risk of fire to mountain caribou in the National Parks with other ongoing 

management actions to recover caribou. 

 

Our recommendations come with several important caveats, knowledge gaps, and the 

need for integration with ongoing ecological integrity-based recovery actions. First, our results 

are valid for current ecological conditions given the datasets used in this report focused on 

approximately the year 2000, which represented low to moderate densities of wolves and elk in 

Banff and Jasper. Obviously, the strong negative effects of fire on caribou were mostly 

mediated through increased overlap with primary prey such as elk and moose. Therefore, at 

very low densities of elk and moose (and as we caution in our report, invading white-tailed 

deer) the negative indirect effects of fire would be reduced on caribou, provided wolf densities 

also correspondingly declined. Thus, our results are consistent with other management 

activities underway to reduce densities of nonmigratory (resident) townsite elk in Jasper and 

Banff. However, our results also highlight the increasingly important role of moose and white-

tailed deer to wolf-prey dynamics in Jasper and Banff, respectively. The lack of knowledge 

about the role of moose in Jasper and white-tailed deer in Banff and Jasper represents a serious 

knowledge gap facing caribou recovery, and prevents the identification of wolf or prey densities 

needed for caribou viability. Thus, while consistent with other ecological integrity actions to 

maintain lower densities of ungulates, reducing townsite elk will not likely be enough to 

maintain low enough densities of ungulates to apply prescribed burns within caribou home 

ranges and maintain viable caribou populations. The management challenge of reducing white-

tailed deer and moose densities suggests that at least for the near future, ecological conditions 

– and thus the negative effects of fire on caribou, will remain similar to our results.  
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recommended to achieve population recovery, whereas to maintain a stable population, 

management of fires within the current range of the Tonquin herd is recommended. ............. 154 

 

Figure 9.5 Recommended buffer zones for fire (and forestry) management to enhance caribou 

population recovery in the Banff caribou herd. Conservatively, a minimum buffer of 4km 

surrounding the Banff herd is recommended to achieve population recovery. ......................... 155 
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Figure 9.6. Spatial separation (safe zones) between wolves and caribou during summer within the Banff 

caribou range as a function of target fire cylces. The trade-off between fire and caribou habitat 

protection may be facilitated by caribou selection for old forests with low fire frequency. ...... 156 
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SECTION 1.0  INTRODUCTION 

In the spring of 2006, a prescribed fire plan for the Little Pipestone River valley in Banff 

National Park triggered an internal debate within Parks Canada fire and wildlife managers 

between the dual objectives of promoting natural fire regimes in a National Park, and recovery 

of endangered Southern Mountain Woodland caribou (Rangifer tarandus caribou). Goals of the 

Little Pipestone fire included restoring habitat for another at-risk species, the grizzly bear (Ursus 

arctos), and to help Parks Canada meet their overall prescribed fire targets for subalpine forests 

in Banff. Unfortunately, the prescribed fire was to be located in the heart of the home range of 

the Banff caribou herd which at the time numbered no more than 8 animals. Concerns over the 

direct loss of caribou habitat, and indirect effects of changes to predator-prey communities 

surrounding the Little Pipestone valley, eventually lead to the prescribed fire plan being shelved 

in favor of protecting caribou habitat.  

 

From this internal debate, however, rose the larger question of how to balance competing 

ecological integrity objectives within National Parks between maintaining natural disturbance 

regimes and threatened and endangered species.  Additional complications from Parks 

Canada’s response to potential Mountain pine beetle (Dendroctonus ponderosae) outbreaks 

with the use of prescribed fire, and facility protection with fire/fuel breaks posed additional 

challenges to balancing objectives of fire and endangered species recovery. Arising from this 

was the first draft operational guidelines for the use of prescribed fire in caribou habitat 

developed by Parks Canada fire managers, wildlife managers, and independent university 

scientists (see Appendix A). These guidelines were meant to provide interim direction for Fire 

managers for the application of prescribed fire in caribou habitat, but raised more questions 

than answers. Caribou habitat assessments had not yet been completed for caribou herds in 

both Banff and Jasper National Parks (but see Whittington et al. 2005 for Jasper), and detailed 

knowledge of predator-caribou community dynamics had not been conducted. These key 

knowledge gaps were identified in the draft operational guidelines, and provided the 

foundational motivation for the scientific goals of this report. The broad goals of the 

Contribution Agreement between Parks Canada and University of Calgary and University of 

Montana that was signed in fall of 2007 was to address the challenging goal of balancing fire 

management and caribou habitat protection in Banff and Jasper National Parks. 

 

Since signing of the Contribution Agreement for this project, however, the issue of caribou 

conservation in the National Parks, and indeed Canada as a whole, has grown in importance 

from a policy, legal, and conservation perspective.  There is a growing global awareness of the 

combined threats of anthropogenic disturbance and climate change to caribou (Vors and Boyce 

2009). Nationally, the Boreal Caribou Recovery planning process invested 2-years into the 
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Scientific Identification of Critical Habitat in support of recovery planning for Boreal Caribou 

(Environment Canada 2009). One of the PI’s for this report (Hebblewhite) was a member of the 

scientific advisory group for this Critical habitat review, and we draw heavily on its conceptual 

foundation for the identification of caribou habitat here. For southern mountain caribou in 

British Columbia, British Columbia completed its Provincial Species at Risk Recovery Plan (British 

Columbia 2002), and initiated some of the most aggressive recovery actions in Canada. In 

Alberta, the West-Central Landscape Planning team (of which Parks Canada was a participant) 

completed their report and submitted recovery plans to the Minister of Alberta Sustainable 

Resource Development. As yet, no clear action from the West Central Landscape plan have 

been formally adopted by the Alberta Government, although interim caribou recovery efforts 

have been continuing in local caribou herds including the Little Smoky herd just outside Jasper 

National Park. 

 

Perhaps most significant, for the scope of this project, was the extirpation of the Banff 

caribou herd in March 2009 in an avalanche in the Little Pipestone drainage (Hebblewhite et al. 

2010b). Extirpation of this herd has raised even more questions for caribou recovery in the 

National Parks, including the potential need for caribou translocation and augmentation, 

identification of caribou habitat, population genetic implications, and predator-prey dynamics. 

Following the extirpation of the Banff herd, our research group collaborated with Parks Canada 

to conduct a population viability analysis (PVA) (DeCesare et al. 2010a;b) of different recovery 

options for the 3 southernmost caribou herds in the National Parks (Tonquin, Brazeau, Maligne, 

see background and Figure 1.1 below) and Banff with no augmentation/translocation, and with 

a translocation strategy of 45 female caribou over 3-years into either of the Banff, Brazeau and 

Maligne caribou herds.  Results of the PVA showed that without translocation/augmentation, 

extirpation of the Maligne and Brazeau caribou herds is certain within 15-years. Likelihood of 

caribou persistence with translocation was highest for the Banff caribou herd compared to 

Brazeau and Maligne, and only the Tonquin herd has a high likelihood of persistence beyond 

20-years (note that DeCesare et al. 2010 did not assess viability of the much larger, and 

presumably more viable, A La Peche herd).  Therefore, what began as a relatively simple 

investigation into relationships between caribou habitat and fire in 2007 expanded significantly 

in scope to include identification of caribou habitat, and factors affecting caribou recovery, to 

guide recovery of southern mountain woodland caribou in Jasper and Banff National Parks.   

 

Therefore, our goal in the rest of this introduction is to review a) the status and background 

of southern mountain woodland caribou recovery planning in Jasper and Banff National Parks; 

b) Parks Canada agency directives for fire management that form the basis for our evaluation of 

caribou-fire relationships; c) the conceptual basis for identification of caribou habitat; d) the 
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scientific hypotheses for southern mountain caribou declines;  e) the objectives and structure 

of the rest of the report. 

  

Photos 1A). Remains of one of the 5 Banff caribou buried in an Avalanche in the Little Pipestone 
drainage in Banff National Park, April 2009. Photo credit: Dave Norcross. 1B) Historic photo of 
mountain caribou in the Narraway area of the Canadian Rockies, in Hewitt (1921).  
 

 

 

1.1  Status and Background of Southern Mountain Woodland Caribou 

Woodland caribou (Rangifer tarandus caribou) are classified as threatened in Alberta 

(under the Alberta Wildlife Act) and nationally (under the Species at Risk Act), and are declining 

throughout their range likely due to anthropogenic activities that are altering predator-prey 

dynamics (Government of British Columbia 2002, Alberta Woodland Caribou Recovery Team 

2005, Wittmer et al. 2005b, Environment Canada 2009).  Taxonomic differences in classification 

between ecotypes of woodland caribou between federal and provincial jurisdictions cause 

some confusion in discussing their status (see chapter 8, Figure 8.1). In Alberta, woodland 

caribou are classified as threatened and are divided into the Boreal and Mountain caribou 

ecotypes.  Caribou in Banff and Jasper are classified as Mountain and their recovery planning is 

nominally captured under the provincial plan to some degree.  In contrast, in adjacent British 

Columbia, caribou are classified as southern mountain (threatened), northern mountain, and 

boreal (British Columbia 2002), and BC classification does not consider Banff or Jasper caribou 
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as ‘mountain’ ecotypes because they are not obligate arboreal lichen feeders. Federally, 

caribou within Banff and Jasper are classified as belonging to the threatened Southern 

Mountain ecotype. Unfortunately, the federal and BC provincial boundaries between southern 

mountain and northern mountain caribou do not align (Northern and mountain in Figure 8.1). 

This confusion affects the status of especially the Tonquin and A La Peche caribou herds that 

traverse BC and Alberta provincial boundaries.   

 

Regardless of taxonomic confusion, because Southern Mountain caribou are classified as 

threatened under the Species at Risk Act (Government of Canada 2002), the federal 

government is responsible for providing oversight for recovery planning. Recovery planning 

steps includes development of a recovery plan, identification of critical habitat, and 

implementation of recovery actions designed to achieve the recovery objectives stated in the 

recovery plan (Government of Canada 2002, Environment Canada 2009). Despite being listed 

under SARA since 2002, no recovery plan exists, and the planning process for such a federal 

recovery plan has not been identified. The lead federal agency as designated under SARA for 

development of the southern mountain woodland caribou recovery plan is Environment 

Canada, with Parks Canada considered a participating authority in the process.  Delays by 

Environment Canada in implementing a recovery plan have potentially caused some delays in 

recovery efforts (Hebblewhite et al. 2010). Regardless of these delays and confusion, Parks 

Canada caribou recovery actions have been guided by an existing Parks Canada specific strategy 

(internal PC document) and a Jasper-specific action plan for Jasper National Park (Van Tighem 

et al. 2005). Resolving delays in federal recovery planning for southern mountain woodland 

caribou is a management recommendation to which we return in section 8.  Currently, Parks 

Canada is working on a new conservation strategy for caribou within the mountain parks. 

 

Historically, Jasper itself may have sustained populations of mountain caribou ranging from 

435 to 700 individuals into the early 1970’s following decades of wolf control in Alberta (Stelfox 

1974, Gunson 1992). Hewitt (1921) notes that caribou were historically ‘abundant’ in the 

Canadian Rockies, for example (see Photo 1B).  Following recovery of wolves in Jasper and Banff 

in the 1980’s (Carbyn 1974, Dekker et al. 1995, Paquet et al. 1996), caribou populations 

declined likely because of predation (see section 1.4 below, Hebblewhite et al. 2010b). Today 

the mountain national parks support 4 extant herds, containing approximately 237 individuals 

(Table 1.1, Figure 1.1). In March 2009, the Banff herd was caught in an avalanche (Hebblewhite 

et al. 2010b), and is likely extirpated.  Of the remaining herds, the Tonquin and A La Peche are 

thought to be stable or declining, while the Maligne and Brazeau are rapidly declining (Alberta 

Woodland Caribou Recovery Team, DeCesare et al. in prep). Throughout the report, we refer to 

the 4 extant herds as subpopulations, and discuss genetic evidence for subpopulation status in 

section 8.0. 
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Photo 1C. Caribou on the Icefields Parkway, Jasper National Park. Photo credit Mark Bradley. 

 

Table 1.1. Mountain Parks caribou herd status and approximate population size.  Estimates and status 
provided by Parks Canada (unpublished data), and Alberta Fish and Wildlife (A La Peche herd) 
unpublished data. 

Sub Population Herd Status Minimum Population Size 

Banff Banff Extirpated 0 
South Jasper Maligne Declining 4 
 Brazeau Declining 9 
 Tonquin Stable to Declining 74 
A La Peche A La Peche Stable to Declining 150 
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Figure 1.1.  Annual 99% adaptive kernel home ranges of five woodland caribou herds utilizing Banff 
and Jasper National Parks, Alberta (2001 - 2008).   
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1.2 Conceptual Basis for the Identification of Woodland Caribou Habitat 

Understanding the influence of fire and predation on caribou habitat in the National Parks 

requires us to first define habitat. Most modern ecology and biology textbooks define habitat as 

“The suite of resources (food, shelter) and environmental conditions (abiotic variables such as 

temperature, and biotic variables such as competitors and predators) that determine the 

presence, survival, and reproduction of a population (Sinclair et al. 2005).” This is a niche-based 

definition of habitat that is closely tied to the concept of the environmental niche of a species 

and niche theory (Hirzel and Le Lay 2008). The niche-based definition of habitat is vastly 

different than the vegetation community-based definition of habitat that is often used to mean, 

in the case of caribou, lichen-bearing vegetation communities (Hall et al. 1997).  Understanding 

this distinction, especially for caribou, is critical, because as we review in section 1.4, causes for 

caribou declines have to do with interspecific interactions with predators and alternate prey.   

 

Following from this definition of habitat, it is clear that habitat is not just a geographical 

description of an area or piece of land, and that certain conditions must also be present for a 

species to not only persist, but also survive and reproduce (Figure 1.2).  Figure 1.2a illustrates 

habitat quality as a function of the relationship between population growth rate (expressed as 

r, Figure 1.2) and environmental or biotic conditions. A habitat is said to be high quality if 

individuals experience high survival and reproduction, and thus the population has high 

population growth rate there.  Heuristically, we can imagine some smaller subset of the shaded 

area in Figure 1.2 as being higher quality habitat that is sufficient for maintaining a specific 

population size given a geographic area, species life history, and population growth rate.  
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Habitat is also a multi-scale concept, where important resources for survival and 

reproduction occur at a variety of spatial and temporal scales (Johnson 1980, Garshelis 2000, 

Boyce 2006)(Figure 1.3). For example, for mountain caribou, lichen distribution at very fine 

scales influences caribou foraging (Shepherd 2006, Brown et al. 2007, Serrouya et al. 2007).  At 

the intermediate forest stand scale, the distribution of older seral old growth forest types is 

crucial for determining the amount of actual lichen biomass that is present (Rominger et al. 

1994, Rominger et al. 2000). Finally, at landscape scales, caribou can select higher elevation and 

rugged topography in mountains to maintain spatial separation from lower elevation predators 

like wolves and cougars (Apps et al. 2000, Johnson et al. 2004, Kinley et al. 2007, Stotyn 2008).  

 

Habitat selection is thus hierarchically structured ((Johnson 1980), and the scale-

dependence of habitat is a crucial concept in the life-history of ungulates (Keech et al. 2000).  

First order habitat selection of a species refers to where it occurs over large geographic and 

long temporal scales (i.e. the scale of the species range) for example the distribution of 

southern mountain caribou in North America. Then, within that species range, individual 

Figure 1.2. Conceptual diagram of the relationship between habitat as defined by Sinclair et al. (2005) and 
the geographic distribution of that habitat in space adapted from Hirzel and LeLay (2008). (a) 
represents the relationship between population growth rate (r) and two ecological dimensions 
(such as lichen abundance and predation risk). Shaded areas indicate source habitat where 
population growth (r) is >0 (i.e., the population is growing), and the area inside the solid dashed 
line is considered sink habitat where species can persist, but only through immigration from an 
adjacent source. The skull and crossbones represent areas where the species cannot persist. 
Figure (b) represents this environmental space translated to geographic space given spatial 
measurements of the same resources for caribou in space. Shaded areas again represent source 
habitat where the conditions present are favorable for species persistence.  
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caribou must select their home ranges, and within a local population such as a herd, the 

collection of caribou home ranges makes up the domain of availability for this second-order 

scale of habitat selection. This 2nd order, or landscape-scale, is often the scale at which 

individual populations persist or go extinct, and has been identified as the most relevant 

scale for recovery planning for Boreal woodland caribou (Environment Canada 2009).  At the 

third-order scale, individual caribou must decide where to select resources such as cover, 

resting sites, calving sites, and avoid human activity or predators within their home ranges. 

Finally, once a caribou has selected a certain spatial location, it must decide which plant species 

to consume at what is considered the fourth order of habitat selection. Figure 1.3 provides a 

conceptual illustration of the relationship between the temporal and spatial scales of habitat. 

 

Figure 1.3. Mountain caribou habitat occurs at multiple temporal and spatial scales; at the 1st-order 
habitat selection scale is the persistence of the species; the 2nd-order  scale controls growth of 
local populations and seasonal and annual ranges of individuals (identified by the red circle); 3rd 
order delineates short term use of sites by individuals and social groups) and finally; at the 4th 
order scale individuals make micro-scale foraging or selection decisions.   Source: Mayor et al. 
(2009) 

 

 
 

Assessing which scale is the most important to the survival and persistence of a species is 

a crucial first step in determining habitat for caribou. If resources at some higher level 

determine whether a species survives or not, such as predation, then the distribution of 

resources at a finer-spatial scale such as lichen abundance, may be irrelevant to predicting 

occurrence of a species. There is increasing recognition within scientific and management 
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communities that the limiting factors driving caribou population declines are occurring at 

large, landscape scales at the scale of an entire caribou population’s range (Rettie and Messier 

2000, Columbia 2002, Mcloughlin et al. 2005, Alberta Woodland Caribou Recovery Team, 

Vistnes and Nellemann 2008, Environment Canada 2009).  Because the human-induced changes 

to terrestrial food-web dynamics are occurring at large landscapes scales, changes to the 

predator and primary prey (moose, deer) communities are also occurring at large scales. Recent 

studies clearly demonstrate that the scale of the predator population, for example wolves, 

determines caribou persistence more than dynamics at finer spatial scales (Weclaw and Hudson 

2004, Lessard 2005). This isn’t to say that forage availability or stand-age condition does not 

contribute to caribou habitat (Brown and Mallory 2007), only that if predator-prey dynamics 

are not conducive to caribou persistence at large spatial scales, lichen abundance will not 

matter.  

 

Because of the consensus emerging that large-scale dynamics are driving caribou 

persistence, the recent expert review of critical habitat for boreal woodland caribou concluded 

that the local population range is the relevant scale for the identification of Critical Habitat to 

support self-sustaining local populations of boreal caribou (Environment Canada 2009).  

Therefore, identification of critical habitat at the 2nd-order scale of the entire local population is 

arguably the best initial scale to identify and restore habitat conditions for mountain caribou.  

For this reason, in this report, we focus on understanding caribou habitat relationships 

between fire, humans, sympatric ungulate prey species and wolves at the 2nd order scale.  We 

adopt the framework identified by the Boreal Caribou Critical Habitat report (Environment 

Canada 2009) for how the identification of critical habitat at the 2nd order scale could fit within 

a recovery planning framework (Figure 1.3). We return to the management implications of our 

identification of caribou habitat from a recovery planning perspective in the management 

implications section (Section 9).  

1.3 Parks Canada Fire Management Objectives and Caribou Habitat 

One role of Canada’s national parks is to maintain ecological integrity, broadly defined as:  

“a condition that is determined to be characteristic of its natural region and likely to persist, 

including abiotic components and the composition and abundance of native species and 

biological communities, rates of change, and supporting processes” (Parks Canada 2008).  

Historically, fire management within the parks was limited to control and prevention, running 

counter to today’s stated goal of ecological integrity, and leading to what Van Wagner et al. 

(2006) referred as a near absence of burned areas east of the continental divide following 1940.     

  

Fire suppression and changing climate conditions are thought to have altered forest 

conditions creating those favorable for mountain pine beetle (Dendroctonus ponderosae) 
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infestation.  Pine stands greater than 80 years of age may be most susceptible (Shore et al. 

2000).   The first outbreaks in the Mountain National Parks are thought to have occurred in 

Kootenay National Park in the early 1980s, where they expanded rapidly during the mid 1990s, 

before stabilizing today at approximately 24,633 ha (Parks Canada 2008a).   In Banff National 

Park outbreaks expanded in 2008 (Parks Canada 2008b), but have since stabilized (Trzcinski and 

Reid 2008).  Conditions in Jasper National Park are thought to be ripe for beetle infestation, 

with large single age (80 to 100 yrs.) stands of Lodgepole Pine (Pinus contorta) in the valley 

bottoms (Tande 1979).  However, to date Jasper has not seen a large outbreak (Parks Canada 

2008c).   

 

Fire management in the national parks is guided by National Parks Policy - 3.0 Protecting 

and Managing Park Ecosystems (1994) and Parks Canada Management Directive 2.4.4 - Fire 

Management (2005).  These policies set a management goal for Park’s to burn an area 

equivalent to 50% of the estimated area that would burn under a natural fire cycle (Parks 

Canada 2005, 2008).  Through prescribed burns, and in part due to an active wildfire season in 

2003, Banff, Jasper and Kootenay have all met or exceeded this burn area target.  Jasper 

National Park currently sits at approximately 75% of the natural fire cycle, with Kootenay 

National Park also exceeding the 50% objective (Parks Canada 2008a, 2008c).  While restoring 

fire will help alleviate mountain pine bark beetle outbreaks in National Parks that have 

developed, in part, due to reductions in fire, potential conflicts with the continued 

achievement of these fire management goals have arisen, with respect to caribou recovery in 

Banff and Jasper National Park. A number of prescribed fire plans in various planning stages 

within Parks Canada overlap and/or are adjacent to identified caribou home ranges (see Section 

7). Given the draft operational fire guidelines for use of prescribed fire in caribou habitat 

adopted by Parks Canada in 2006 (Appendix A), it is uncertain whether many of these 

prescribed fires may be implemented.   

 

Numerous recent large-scale studies show the negative effects of fire on caribou, although 

whether the negative effects were manifested through direct or indirect pathways is unknown.  

First, in a national meta-analysis of over 25 Boreal woodland caribou populations, Schmiegelow 

et al. (in Environment Canada 2009) showed a strong negative correlation between caribou 

recruitment rates (calves/100 cows) and the % of a caribou range that was affected by 

combined fire and industrial disturbance (Figure 1.4).  Similar to Figure 1.4, Sorenson et al. 

(2008) show that as the % of a caribou range that is burned or affected by industrial 

development increases, caribou population growth rate declines below sustainable levels.  Both 

of these large-scale reviews show consistent negative effects of fire on Boreal woodland 

caribou. However, the boreal forest is much more fire dominated than montane forests, and so 

some question as to the generality of these results to mountain caribou is required. Mountain 
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caribou often select for old growth forests with low fire frequencies at higher elevations. 

Therefore, mountain caribou likely have less of a history of exposure to fire, and reduced spatial 

overlap between fires and caribou because of the more permanent spatial distribution of fire in 

mountainous areas compared to boreal herds. Nonetheless, these large scale analyses show the 

potential for fire to negatively affect caribou. In section 1.4 below, we review the direct and 

indirect effects of fire on caribou and the potential role of fire in causing caribou declines. 

 

Figure 1.4. National meta-analysis of the relationship between % of a caribou range affected by 
industrial disturbance (logging, etc) and fire and caribou recruitment rates (calves/100 cows) in 
spring. The regression is 46.4 – 0.49*disturbance, P<0.001, R2 = 0.61. From Schmiegelow et al. 

(2009, in Environment Canada 2009) 
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1.4. Hypothesized Reasons for Declines of Southern Mountain Woodland Caribou 

Outside National Parks, reasons for caribou declines include anthropogenic disturbance in 

the form of forestry, oil and gas development, and human development in general that has 

disrupted mammalian predator-prey communities.  The main working hypotheses are that 

forestry, oil and gas, and human development have increased the amount of early seral habitat 

on the landscape, which has in turn, increased the abundance and distribution of primary prey 

species such as moose, elk and deer (Bergerud 1996, Wittmer et al. 2005b, Hebblewhite et al. 

2007, Environment Canada 2009). Increased abundance of primary prey species has driven 

increased numeric responses of wolves (and potentially other predators) resulting in higher 

wolf densities.  Numerous studies point to the threshold for caribou population viability being ~ 

6-7 wolves/1000km2. Human development is also thought to enhance the functional response 

of wolves (and other predators) preying on caribou  by increased hunting success and 

movement rates in formerly isolated caribou habitat refugia (James and Stuart-Smith 2000b, 

McKenzie et al. 2009). In combination, these indirect and direct effects create strong apparent 

competition between primary prey and caribou, mediated by human driven wolf increases 

(DeCesare et al. 2009). Adding to the list of potential factors affecting southern mountain 

caribou is the potential for climate change, especially at the south-eastern fringe of their range 

in Banff and Jasper (Thogmartin and Schaeffer 2000, Vors and Boyce 2009). Despite the 

potential for climate impacts, however, recent studies suggest that at least for boreal caribou in 

the last 30-years, human impacts have been the main cause of range retraction (Schaefer 2003, 

Environment Canada 2009).   

 

Figure 1.5.  Meta-analysis model for 
woodland caribou population growth rate 

(lambda, ) as a function of the % of the 
boreal caribou range that was burned and 
the % of the caribou range converted to 
non-habitat through industrial development. 
The regression model was developed using 
n=6 woodland caribou population ranges 
across a 20,000km2 area in Northern Alberta, 
and is described by λ= 1.191 - (0.314 * IND) - 
(0.291 *BURN) (R2 = 0.96, n = 6, P = 0.008) 
(Sorenson et al. 2008). 
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 Reasons for caribou declines in mountain national parks, where industrial impacts are 

nonexistent, are not as clear but preliminary research examining wolf-elk-caribou systems 

suggest increasing primary prey density may play a similar key role in causing caribou declines 

(Figure 1. 6).  Like commercial timber harvesting outside the parks, fire can also play a role in 

increasing primary prey density and reducing favored late seral habitat. There is evidence from 

Banff that prescribed burns strongly increase elk forage (Sachro et al. 2005), which could lead 

to increased elk population size as documented for the Ya Ha Tinda herd (Hebblewhite et al. 

2006).  Despite the potential conflicts between fire and caribou, however, fire may also be 

beneficial to caribou recovery in three ways: 1) fire can be used to create fuel breaks to prevent 

catastrophic, stand replacing fire from occurring in key caribou habitat; 2) fire can be used to 

promote primary prey abundance separated from caribou habitat, promoting spatial separation 

of caribou and elk; and 3) fire may be used to increase predation risk in some areas, thus 

reducing primary prey abundance.  To use fire in a way that does not threaten caribou, or even 

benefit caribou recovery however, managers need to predict the effects of fire with respect to 

caribou habitat on elk and wolf populations, and thus caribou viability. By combining spatial 

modeling with habitat selection models for elk and wolves, and population models for wolves, 

elk and caribou, we will be able to help ensure Parks Canada’s prescribed burning program 

promotes caribou recovery.   

 

 In addition to the potential effects of fire on caribou habitat, human activity has been 

shown to dramatically affect terrestrial ecosystem dynamics in Banff and Jasper National Parks 

(Figure 1.6), and could also potentially influence caribou. Therefore, next, we review the 

potential mechanisms of the effects of fire and other factors on caribou declines in Banff and 

Jasper National Parks. 
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Figure 1.6  Conceptual food-web model illustrating the main hypotheses for caribou declines in Jasper 

and Banff National Parks, showing the main direct effects (solid lines) and indirect effects (dashed 

lines) influencing caribou (only interactions affecting caribou are shown). Prescribed (and natural) 

fire increases habitat, and population size, of moose and elk, and causes direct habitat loss for 

lichen-bearing old growth stands for caribou. Human activity also creates refugia for elk populations 

surrounding urban townsites of Banff and Jasper.  Increasing moose and elk populations increase 

the numeric and spatial (aggregative) response of wolves preying disproportionately on the rarer 

prey species, caribou, leading to apparent (indirect dashed lines) competition between moose/elk 

and caribou. Finally, human activity is also hypothesized to influence the functional response 

(hunting efficiency) of wolves on caribou.  

 

1.4.1  Direct Habitat Loss Due to Fire 

The effects of fire on caribou can be characterized as direct and indirect. Direct effects can 

include some potential for direct fire-caused mortality, although this is thought to be extremely 

rare for mobile species such as caribou. The other main direct effect is typically thought of as 

direct loss of foraging habitat of old growth lichen-bearing coniferous forests. Because caribou 

are terrestrial and arboreal lichen obligate feeders, and because lichen biomass and abundance 
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increases with increasing stand age, fire directly removes caribou foraging habitat (Dunford et 

al. 2006, Dalerum et al. 2007, Shepherd et al. 2007). This can be conceptualized as direct loss of 

fine-scale (3rd or 4th order) foraging habitat.  As we discuss in our analysis of the caribou 

resource selection results (section 5) and our wolf-caribou overlap analysis (section 7), we show 

that loss of direct fine-scale habitat due to fire is not as great a threat to caribou habitat as 

indirect effects of fire. We explicitly test for the relative effects of direct, versus indirect (see 

below) effects of fire on caribou habitat in Section 7.0 

 

1.4.2  Indirect Effects of Fire on Caribou 

It is thought that the indirect effects of fires on caribou are potentially more significant 

than the direct effects of fire.  While fire removes caribou foraging habitat, numerous studies 

show a direct positive effect of fire on forage and even densities of early seral specialist species 

such as elk and moose (reviewed in Section 3 and 4).  Because the indirect effects of fire are 

thought to be manifested through predation with a shared predator, wolves, we review effects 

of predation on caribou in detail in section 1.4.3.  In this report, we explicitly test the indirect 

effects hypothesis by comparing the relative effects of direct and indirect effects of fire on 

wolf-caribou overlap mediated by wolf selection for the prey species of elk and moose. 

1.4.3  Predation 

The role of predation as a proximate limiting factor of caribou populations is well 

documented, although the main predator has varied across study areas and caribou subspecies.  

Grizzly bears (Ursus arctos), black bears (U. americanus), wolverines (Gulo gulo), cougars (Puma 

concolor) and wolves (Canis lupus) are considered common predators of caribou and their 

calves (Kinley and Apps 2001, Mcloughlin et al. 2003, Wittmer et al. 2005a, Gustine et al. 2006, 

Stotyn 2008), and data we review in Section 7.0 (from DeCesare et al. 2010b, Hebblewhite et al. 

2010a) confirms the key role of wolves as the proximate cause of caribou declines in Banff and 

Jasper National Parks.   

 

The first step towards quantifying the relationship between predation rate and prey 

density was taken by Solomon (1949) and Holling(1959).  Total predation rate is reliant first on 

the number of predators on the landscape (numerical response), their efficiency (functional 

response), and finally how they use the landscape (aggregative response) (Solomon 1949).  

Thus, the impact of wolves on caribou can be mediated by all three of these responses. In 

multiple-prey systems, there are three main ways in which the numeric/aggregative responses 

can influence caribou. First, the numeric response of wolves to a single prey species is often 

higher than expected for single prey systems (Fuller et al. 2003).  Second, the fact that wolf 

numeric responses in multiple-prey systems can have a positive Y-intercept indicates that 



 

 

17 Parks Canada Caribou Habitat Modeling Final Report 

wolves can maintain high, and even inversely density dependent, predation rates on secondary 

prey even at low secondary prey densities (Messier 1995, Sinclair et al. 1998, Hebblewhite et al. 

2007). Third, spatial overlap between wolves and caribou may be more reliant on the 

aggregative response of wolves (i.e. wolves following migratory elk to higher elevations in 

summer).  From a functional response perspective, in multi-prey systems, the functional 

response of wolves preying on caribou may also be enhanced by the spatial (aggregative) 

response if abundant primary prey ‘draw’ wolves into caribou refugia (Huggard 1993).  

 

As a result of the consequences of multiple predator-prey dynamics, mountain caribou 

have evolved a habitat selection strategy that minimize their overlap with predators (wolves) 

and other prey (elk and moose) (Bergerud et al. 1984, Bergerud and Page 1987).  The spatial 

separation hypothesis for caribou persistence predicts that caribou habitat and hence 

populations will be maintained in areas where spatial overlap with primary prey and predators 

is reduced. Specifically, the spatial separation hypothesis predicts that wolves will select elk 

and moose habitat in Jasper, but avoid caribou habitat. Modeling studies support the spatial 

separation hypothesis for caribou persistence (Weclaw and Hudson 2004, Lessard 2005, 

Hebblewhite et al. 2007). Recent tests of the spatial separation hypothesis with empirical data 

have confirmed that in areas with increased overlap between wolves, primary prey and caribou, 

caribou survival rates and population growth rates are reduced (James and Stuart-Smith 2000b, 

James et al. 2004b, Mcloughlin et al. 2005). Therefore, the indirect effects of fire are thought 

to manifest through reduced spatial separation of wolves and caribou mediated by wolf 

selection for the early seral habitats selected by primary prey such as elk and moose. We test 

this hypothesis in Section 6 where we explicitly model the wolf aggregative response to 

multiple prey species, and in Section 7 where we examine effects of fire on spatial overlap of 

wolves and caribou.  A further complication of the effects of predation is that of migratory 

primary prey. If ungulates are non-migratory the effects of habitat enhancements such as fire 

could be localized, affecting only those populations where the enhancement occurs.  We 

hypothesized that migratory elk would increase the spatial overlap between wolves and 

caribou. 

 

1.4.4 Functional habitat loss due to human disturbance 

Direct disturbance by humans through recreational or industrial activity has been shown to 

have a negative effect on woodland caribou habitat use.  Weclaw and Hudson (2004) suggested 

that caribou populations were limited by their avoidance of quality habitat due to industrial 

infrastructure.  A recent study in British Columbia found caribou to be prone to disturbance 

from motorized recreational activities (snowmobiles), avoiding suitable habitat where 

snowmobiles were present (Seip et al. 2007).  Research into human disturbance of reindeer 
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(Rangifer tarandus tarandus) has also shown consistent sensitivity to skiers, snowmobiles, and 

human infrastructure (Vistnes and Nellemann 2001, Reimers et al. 2003, but see Duchesne et 

al. 2000). We address the functional loss of caribou habitat by human disturbance in section 5 

in caribou resource selection function modeling.  

 

1.5 Research Objectives  

Following from this review, this project addresses three main hypotheses considered to 

contribute to caribou declines within the mountain national parks at the most relevant scale of 

the caribou herd range, as identified in the Boreal Caribou Critical Habitat Review (Environment 

Canada 2009).  First, the habitat limitation hypothesis predicts that caribou are limited by the 

availability of preferred habitat, which may be lost directly due to fire.  Second, the spatial 

separation hypothesis predicts that most caribou mortality occurs when wolves are drawn into 

caribou areas following seasonal movements of their primary prey (elk or moose), possibly in 

response to availability of young seral vegetation classes following fire.  Third, the human 

disturbance hypothesis states that avoidance of human activity at the 2nd order scale currently 

limits the availability of caribou habitat.   

 

Specifically, in the original Contribution Agreement, a series of research objectives and 

methods were identified to test these overall hypotheses for caribou-fire habitat relationships. 

We summarize them here and identify where we address them in this report. 

1) Development of spatial resource selection models for wolves, caribou, moose and elk 

to test individual species responses to fire and human activity. These research 

objectives are addressed in Sections 3 (moose), 4 (elk), 5 (caribou) and 6 (wolves). 

Specifically, we test the following hypotheses: 

a. Moose and elk select early seral forest stands with young stand age and burned 

habitats, as well as areas close to burns. (Section 3,4) 

b. Caribou avoid early seral forest stands and burned habitats, as well as areas 

close to burns. (Section 5) 

c. Wolves select for burns, early seral forest stands, and areas close to burns. 

(Section 6) 

d. Wolves preferentially select for elk and moose habitat, and avoid caribou 

habitat, as predicted by the spatial separation hypothesis. (Section 6) 

e. Caribou avoid human activity at the range scale, leading to functional loss of 

habitat. (Section 5) 
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f. Wolves select for human activity, leading to increased functional response of 

wolves preying on ungulate species also found close to human activity. (Section 

6) 

2) Understand how fire influences the spatial separation of wolves and caribou using 

current conditions and landscape simulation experiments in a GIS framework to test 

the spatial separation hypothesis. This research objective is addressed in Section 7.   

a. Specifically, we identify current wolf – caribou overlap as a function of current 

landscape conditions to identify ‘safe’ zones for caribou. 

b. We validate our thresholds for identification of ‘safe zones’ with spatial locations 

of wolf-killed caribou collected within Jasper and Banff National Park. 

c. We next evaluate the direct and indirect effects of prescribed burns on caribou 

‘safe zone’ habitat using GIS landscape simulations of projected burn scenarios 

adjacent to and in the core of caribou home ranges.  

 

3) Understand the relationship between caribou habitat and population dynamics for 

caribou. This objective is addressed in Section 7.  

a. Specifically, we test the hypothesis that the amount of ‘safe zones’ with low 

wolf-caribou overlap within caribou ranges is related to measures of population 

performance including population size, population growth rate, and adult female 

survival.  

 

4) Use caribou genetics to evaluate caribou herd inter-relationships and landscape 

connectivity between Banff, Jasper, and adjacent provincial lands. This objective is 

addressed in Section 8. 

a. Specifically, we examined evidence for genetic structure at the mitochondrial 

and microsatellite level between caribou herds in Jasper and Banff and other 

herds in the Canadian Rockies.  

b. We evaluated evidence for a genetic basis for migration by examining 

correlations between migratory tendency and mtDNA haplotype. 

c. Finally, we predict the baseline levels of migration expected based on genetic 

structure found within this population, in terms of expected number of 

migrants/generation, to understand the potential role of habitat fragmentation 

on caribou viability.  

 

5) Develop management recommendations and GIS products for the management of 

prescribed fire planning and caribou recovery in Banff and Jasper National Parks. This 

objective is addressed in Section 9, Management implications. 
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a. We identify critical habitat for caribou at the 2nd order and 3rd order scale based 

on caribou-fire-wolf-prey relationships. 

b. We identify conservative and liberal guidelines for the management of 

prescribed fires within caribou ranges.  
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SECTION 2.0  STUDY AREA AND GENERAL METHODS 

2.1 STUDY AREA 

Our study area was delineated by the movements of a radio collared sample of the four 

target species.  We calculated a 99% adaptive home range kernel (href) (Worton 1989) using 

locations of all collared animals, an area of 67,374 km2 that straddled the south central border 

between Alberta and British Columbia (Figure 2.1).  The study was centered on the Canadian 

Mountain National Parks; Kootenay, Yoho, Banff, and Jasper.  While field efforts were focused 

in Banff and Jasper and the foothills to the east, radio collared animals traveled through all 4 

National parks and the surrounding environs, a mix of private and provincial land.  Elevation 

ranged from 614m along the Rocky Mountain trench on the western border to 3955m, the 

summit of Mt Robson in the northwest. Climate is characterized by long, cold winters, and short 

summers with most precipitation occurring in spring. 

 

Vegetation was classified into three broad ecoregions: montane, subalpine, and alpine.  

The montane is dominated by lodgepole pine (Pinus contorta) interspersed with Englemann 

spruce (Picea engelmanii) and willow (Salix spp.) areas, aspen (Populus tremuloides) parkland, 

and grassland.   Sub-alpine and alpine ecoregions were comprised of Engleman spruce-

subalpine fir (Abies lasiocarpa) and lodegepole forest interspersed with willow-shrub riparian 

communities, subalpine grassland, grading to open shrub-forb meadows in the alpine 

ecoregion.  A more detailed description of the vegetation may be found in (Holland and Coen 

1983). 

 

The predator community include wolves, grizzly bears, black bears (Ursus americanus), 

cougars (Puma concolor), wolverine (Gulo gulo), lynx (Lynx canadensis), and coyotes (Canis 

latrans).   Ungulate species besides caribou include, moose (Alces alces), elk (Cervus elaphus), 

mule deer (Odocoileus hemionus), white-tailed deer (Odocoileus virginianus), bighorn sheep 

(Ovis canadensis), and mountain goats (Oreamnos americanus).  Elk are partially migratory 

throughout the Canadian Rockies, with some populations such as the Brazeau herd and Ya Ha 

Tinda herd comprised of at least 50% migrant elk  (Hebblewhite et al. 2006).  In contrast, other 

non-migratory ‘resident’ elk populations are almost completely non-migratory. These non-

migratory populations include those elk residing in and around the Jasper and Banff townsites 

in both National Parks.  Wolves rely primarily on elk as prey in the southern end of this 

ecosystem (Hebblewhite et al. 2004), but shift towards more common moose along a north-

south gradient ((Kuzyk et al. 2005, Franke et al. 2006), unpublished data).  Until recently, 

predator-prey communities were largely dominated by wolf-elk dynamics; recent , and yet 

undocumented expansion of white-tailed deer  maybe be changing predator-prey dynamics to 
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be dominated by deer, an unresolved issue for caribou to which we return in the management 

implications in section 9.0.  

 
 

Figure 2.1.  Canadian Rockies study area along the Alberta – British Columbia border, including 
99% adaptive kernel delineating available habitat.   
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2.2 RESOURCE SELECTION FUNCTION MODELING METHODOLOGY 

Resource selection functions (RSFs) have gained wide acceptance and seen broad 

application recently to identification of wildlife habitat, interspecies habitat relationships, and 

especially caribou conservation (Boyce and McDonald 1999, Manly et al. 2002, McLoughlin et 

al. 2009).  RSFs, as described by Manly et al. (2002) are “a function of characteristics measured 

on resource units, such that its value for a unit is proportional to the probability of that unit 

being used”.  Our goal was to describe the spatial use of wolves, caribou, elk, and moose, how 

that use was affected by fire, how interactions between species may be also be affected by fire, 

with the ultimate goal of identifying habitat for caribou.  The underlying assumption of resource 

selection is that resources that are selected ultimately contribute to population growth and 

fitness (McLoughlin et al. 2009). Recent studies have confirmed that for several large ungulates 

and other terrestrial mammals, resources that are selected confer demographic advantage 

(McLoughlin et al. 2006, McLoughlin et al. 2009). Therefore, we used resource selection to 

identify important resources for our 4 target species, identify areas of spatial overlap, and 

evaluate the impacts of future prescribed and natural fire scenarios on woodland caribou 

habitat.  

 

Based on this brief overview of resource selection functions (RSF), we describe the 

methods we use for development of species-specific RSF models for moose, elk, caribou and 

wolf through our study area. We adopted these methods across all species similarly, except 

where noted here and in the individual species results (e.g.Section 3.0 Moose).  

 

2.2.1  Data Sharing and Compilation  

Through data sharing agreements with Alberta Sustainable Resource Development (SRD), 

Weyerhaeuser Company, Shell Canada, Parks Canada, and the University of Alberta, we 

assembled a database of almost 500,000 GPS and VHF telemetry locations (table 2.1).  We are 

indebted to the Principle Investigators (and others outlined in the Acknowledgements) who 

have graciously shared their data for use in this research; Mark Bradley (Parks Canada), Alan 

Dibb (Parks Canada), Mark Hebblewhite (University of Montana), Tom Hurd (Parks Canada), 

Evelyn Merrill (University of Alberta), Layla Neufeld (Parks Canada), Kirby Smith (SRD), Nate 

Webb (University of Alberta), and Cliff White (Parks Canada). 
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Table 2.1.  Summary of multi-species wildlife telemetry data used in this report (1994 to 2009) 
 

Species Years # of Individuals Total # of 
Locations 

Contributors 

Moose 
1994-
2009 

45  
(22 F, 23M) 

 
3719 
 

T. Hurd  - Banff National Park 
W. Peters - University of Montana 

Elk 
2002-
06 

331 
(135 BNF 
147 YHT,  
11 BRZ 
38 JSP) 

 
207022 
 

M. Hebblewhite - University of Montana 
E. Merrill – University of Alberta 
N. Webb – University of Alberta 
L. Neufeld & M. Bradley – Jasper 
National Park 

Caribou 
2001-
09 

40  
(39 F, 1M) 

 
121791 
 

K. Smith – Alberta SRD 
L. Neufeld & M. Bradley – Jasper 
National Park 
A Dibb – Banff National Park  

Wolves  
2002-
09 

22  
(10 packs) 

 
83731 
 

M. Hebblewhite - University of Montana 
E. Merrill – University of Alberta 
N. Webb – University of Alberta 
L. Neufeld & M. Bradley – Jasper 
National Park 

 

2.2.2 Resource Variables 

We considered a suite of spatial resource or ‘habitat’ covariates in development of 

resource selection function models.  We overlaid wildlife telemetry data on a suite of raster 

layers (30 meter resolution) in a geographic information system (GIS) to quantify the underlying 

habitat associated with each location.  Habitat variables could be loosely categorized as 

landcover (i.e. dominant vegetation) topographical (i.e. elevation), and human use (i.e. distance 

to infrastructure) (Table 2.2). 

 

To characterize vegetation across our study area, we worked in cooperation with remote 

sensing specialist Dr. Greg McDermid at the University of Calgary.  Dr. McDermid’s lab 

developed 3 basic, seamless GIS coverages for the entire study area, crown closure, landcover, 

and species composition, based on Landsat 5 Thematic Mapper (TM) or Landsat 7 TM sensors. 

We also used the Normalized Difference Vegetation Index (NDVI) as a measure of the biomass 

of green forage biomass at a 250m2 scale that was also obtained from Landsat TM data; NDVI 

has been shown to be related to ungulate and carnivore resource selection in recent studies 

(Pettorelli et al. 2005, Hebblewhite et al. 2008). However, because NDVI only indexes ungulate 

forage biomass reliably in open habitats, we only used NDVI in open habitats using the 

landcover model above to develop an open/closed mask for NDVI (e.g., Hebblewhite et al. 
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2008).  See McDermid (2005) and McDermid et al. (2009) for more detail on development of 

these layers.  These three original layers were then expanded to produce the 30 layers 

presented in table 2.2.  

 

We used vector geodatabases of towns, roads, seismic lines and trails to create raster 

layers of the distance of each pixel to the nearest of each these human-use linear and point 

features.  Roads were classified as either primary (i.e. paved) or secondary (i.e. gravel).  A 

seperate layer of distance to each was created.  A single trail layer was created by combining 

trails within the parks with seismic lines outside.  We assumed that human use of both was 

similar and therefore that animal response to each would also be similar.  We used a digital 

elevation model (DEM) to derive layers of elevation, slope, and aspect.   

 

Fire and strand origin layers were obtained from Parks Canada for Kootenay, Yoho, Jasper, 

and Banff National Parks, and from Alberta Sustainable Resource Development for areas 

outside the parks.  Stand age at the time of the animal’s use (telemetry location) was calculated 

separately for each used location by subtracting the stand origin year from the year of the 

telemetry location.  GIS layers of planned prescribed fires were obtained for Banff and Jasper 

National Parks for use in simulations of the cumulative effects of these future burns.   
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Table 2.2. Terrain and landcover GIS layers used in predictive RSF models for caribou, wolves, elk and 
moose. 

Variable Variable 
Type 

Range of 
Values 

Description 

Topography 

North Categorical 0,1 North aspects from 315° to 45° 

South Categorical 0,1 South aspects from 135° to 225° 

East Categorical 0,1 East aspects from 45° to 135° 

West Categorical 0,1 West  aspects from 225° to 315° 

Flat Categorical 0,1 No aspect (slope = 0) 

Slope Continuous 0–6827% Percent slope (equivalent to  0 – 90°) 

Elevation Continuous 553–3955m Elevation in meters 

Landcover 

Alpine Barren Categorical 0,1 Barren ground between 2200 and 2700m. 

Alpine Herb Categorical 0,1 Alpine meadows above 2200m. 

Alpine Shrub Categorical 0,1 Shrub communities above 2200m. 

Burn Categorical 0,1 Areas burned 1950 to present. 

Closed Conifer Categorical 0,1 Coniferous forest with >50% canopy closure and >70% 
conifer composition. 

Deciduous 
Forest 

Categorical 0,1 Deciduous dominated forests <30% coniferous. 

Ice and Rock Categorical 0,1 Permanent ice, snow and alpine rock above 2700m. 

Low Barren Categorical 0,1 Barren but possible still productive ground below 2200m. 

Low Herb Categorical 0,1 Grasslands below 2200m 

Low Shrub Categorical 0,1 Shrub stands below 2200m. 

Mixed Forest Categorical 0,1 Forests >30% and <70% coniferous. 

Open Conifer Categorical 0,1 Coniferous forest with <50% canopy closure and >70% 
conifer composition. 

Wetlands and 
Water 

Categorical 0,1 Water and wetlands at all elevations. 

Bank Distance Continuous 0–6951m Distance to water’s edge from both directions. 

Burn Distance Continuous 0–105670m Distance to any burn occurring after 1950. 

Edge Distance Continuous 0–15531m Distance to boundary between open and closed canopy 
from either direction. 

Hard Distance Continuous 0–6728m Distance to the closest hard edge. 

NDVI Continuous 0–8759 Mean NDVI in open habitats 

Open Distance Continuous 0–15557m Single direction distance to open canopy (i.e. value within 
open canopy is 0) 

Human Use 

Primary Road 
Distance 

Continuous 0–48247m Distance to paved road. 

Secondary Road 
Distance 

Continuous 0–56075m Distance to gravel road. 

Trail Distance Continuous 0–40972m Distance to trails inside the parks and cutlines outside. 

Water Distance Continuous 0–6951m Single direction distance to water. 
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2.2.3  Resource Selection Functions (RSFs) 

To assess resource selection, we adopted a used-available design where we compared 

telemetry locations “used” by animals to those “available” to them. We evaluated resource 

selection by comparing the proportionate use of resources relative to their proportionate 

availability using logistic regression (Hosmer and Lemeshow 2000, Manly et al. 2002). We 

measured availability using a 3:1 ratio of random locations measured at the second-order 

(landscape) scale (see section 1, Introduction, and below for a review of why this scale was 

selected).  

 

In a used-available design, the ratio of used to unused resource units is unknown (the 

sampling fraction, or prevalence), hence, the intercept is meaningless and the resultant 

probability is a relative probability (Keating and Cherry 2004, Johnson et al. 2006). Despite 

debate over used-available designs in the biostatistics literature, used-available RSF models still 

yield a useful relative probability that can accurately rank habitat quality (Keating and Cherry 

2004, Johnson et al. 2006, Lele and Kaim 2006). Following Manly et al. (2002: p100) we used 

logistic regression to derive the coefficients for the exponential approximation to the logistic 

discriminant function to estimate a typical fixed-effects RSF using:  

 

w*(x) = exp(0+X+ijk )    (equation 2.1) 

 

where  w*(x) is the estimated RSF as a function X , the vector of regression coefficients for 

each covariate, xn, estimated from logistic regression (Manly et al. 2002).   

 

Furthermore, we adopted a generalized linear mixed-effects modeling (GLLAMM) 

framework to account for unbalanced sample size between individual radiocollared animals, 

varying availability, and for the individual animal as the most appropriate sample unit (Gillies et 

al. 2006).  We considered mainly a random intercept to account for the animal as the sample 

unit and unbalanced sample size, and did not consider random coefficients for resource 

selection for covariates because of the complexity of our multispecies models and the research 

focus on population inference. Building on eqn 2.1, random intercepts were included to 

accommodate the hierarchical structure of individuals within packs via a mixed-effects 

GLLAMM with the logit link (Skrondal and Rabe-Hesketh 2004).  For all species we considered 

both two-level (individual level) and three-level (herd or pack level) models; however only 

modeling caribou as a three level GLLAMM improved the model.  Despite previous support for 

wolf-pack level random intercept in RSF models (Hebblewhite and Merrill 2008), no consistent 

pattern was found in our more complicated dataset; so we used only two-level models for wolf 

RSFs.   
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The form for a generalized 3-level mixed-effects model for location i, animal j, and herd k, 

with a random coefficient, is: 

 

Logit(yijk) = 0 +  }(animal

jk + )(herd

k +….+X+ijk           (equation 2.2) 

where 0 is the fixed-effect intercept,  )(wolf

jk and  )( pack

k are the random variation in the intercept 

at the animal and herd levels, X is the vector of the fixed-effect resource selection coefficients 

for covariate xijk (eqn 2.1), and ijk is unexplained residual variation. Our notation for random 

effects follows Rabe-Hesketh & Skrondal (2005, pp 236) and Gillies et al. (2006). GLLAMMs 

incorporate random intercepts in mixed-effect models that identify, in 2 level GLLAMMs,  the 

animal as the sample unit, and allow for variability in regional selection (i.e. across herds or 

packs in 3-level GLLAMMs) (Bolker et al. 2009). 

 

2.2.4 Spatial Scale 

RSFs use logistic regression model differences between used and available locations (i.e. a 

comparison of used and unused locations).  For this reason, accurately determining unused 

locations that are available to an animal is an important consideration.  As outlined in the 

introduction, the most relevant scale for landscape-conservation of woodland caribou habitat 

has been identified as the range of the individual herd, or the 2nd order scale (Environment 

Canada 2009). Furthermore, the 2nd order scale most appropriately captures both fire and 

seasonal migration which are landscape scale phenomena, affecting animal resource use and 

overlap at greater than a within home range (3rd order) scale.    

 

Therefore, we constructed seasonal resource selection functions (RSFs) for each species at 

a single landscape scale (2nd order) (Johnson 1980, Manly et al. 2002) where available habitat 

was consider that within a 99% adaptive kernel home range of all collared animals (figure 2.1).  

Essentially we are measuring the resource attributes within seasonal home ranges compared to 

the greater landscape which may be the most accurate scale at which to measure resource use 

(Meyer and Thuiller 2006).   

 

2.2.5 Variable Selection 

 Large data sets, such as those generated by GPS collars and used here, afford a great deal 

of statistical power that often lead to model overfitting, even using the mixed-effect modeling 

framework.  Although high predictability may be obtained by inclusion of many variables, more 

parsimonious models are more numerically stable, subject to less bias, and more accurately 
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extrapolated.  We used a manual stepwise model building method described by Hosmer and 

Lemeshow (2000) to create “best” models that described the resource selection of all four 

species in two seasons.  This pluralistic model building approach best reflects the balance 

between prediction and mechanism as best achieved through regression-type models under 

these circumstances (see Stephens et al. 2005). Candidate variables were those listed in table 

2.2, and were considered if biologically relevant, ecologically plausible, non-confounded, and 

uncorrelated at a correlation coefficient of |r| <0.5 (Hosmer and Lemeshow 2000, Menard 

2002).  As the majority of moose telemetry locations were collected using ground telemetry 

obtained from roads and trails, and thus likely to be subject to human-induced bias, human use 

variables were omitted as candidate variables for moose. 

 

Following the model building philosophy outlined above, each variable was first assessed in 

a univariate logistic regression analysis.  Continuous (i.e. distance variables) were tested for 

correlation using a pairwise correlation matrix.  When two variables were found to be 

correlated (r>|0.5|) we retained the variable with the lowest log-likelihood, highest coefficient 

of determination (pseudo R2), and smallest p-value (Boyce et al. 2002).  Variables that were 

found to be uncorrelated and significant in univariate analysis were combined in multivariate 

logistic regression.  We screened against confounded variables by observing coefficient change 

>20% and especially sign changes following Hosmer and Lemeshow (2000).  Variables with Wald 

chi2 probabilities of greater that 0.05 were then removed from the multivariate model in a 

reverse stepwise fashion until all remaining variables were significant, producing a final model. 

Final models were then fitted again using gllamm’s (GLLAMM) (Skrondal and Rabe-Hesketh 

2004, Rabe-Hesketh and Skrondal 2005).  We used AIC (Akaike Information Criteria) and BIC 

(Bayesian Information Criteria; (Burnham and Anderson 1998) to test for model improvement 

between 2-level (animal id) and 3-level (animal id and herd/pack id) GLLAMMs. 

 

Approximately 44% (7990km2 of 18074km2) of the landcover of Banff and Jasper National 

park is forested (Van Wagner et al. 2006).  This fact made inclusion of stand age in a landcover 

analysis challenging as in any regression model, namely the inclusion of stand age would restrict 

the analysis to forested areas only.  It is for this reason that (Shepherd et al. 2007) restricted 

their analysis to winter use of forested habitat only, making direct comparisons between our 

RSF model and theirs challenging.  We return to this issue in the discussion in section 7 and 8.  

Because of the difficulty of including stand age in RSF models across all landcover types, stand 

age was modeled separately from the landcover RSFs as a generalized additive model (GAM) 

with between 3 degrees of freedom (Hastie and Tibshirani 1990).   

 

Generalized additive models (GAMs) are semi -parametric models that allow the fitting of 

covariates using cubic smoothing splines which allow fit to nonlinear data (Hastie and Tibshirani 
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1990).  GAMs provide an excellent method of describing the relationship between two variables 

however the inclusion of the cubic splines makes the coefficients impossible to map in a GIS.   

For this reason we also fitted simple linear and quadratic (X + X2) functions to stand age in order 

to disseminate which function may best fit the animal’s response.  This function was then 

projected in ArcGIS 9.3 (ESRI, Redlands, California) and validated as described below.  In 

essence we used the additive models (GAM) to graphically depict each species’ unrestricted 

response to stand age in each season.  We then tried to mimic that response using a linear or 

quadratic mixed model (GLLAMM)for projection in the GIS.  We followed the same procedure 

developed above for stand age for other continuous covariates in which we expected potential 

non-linear resource selection patterns, including elevation (selection for intermediate 

elevations), distances to human activity, etc. If non-linear selection was identified using GAM’s, 

we attempted to capture the best fit with a log-transformation of the X variable or quadratic.  

 

2.2.6  Validation 

The most important measure of model fit for habitat or resource selection models is 

predictive capacity, or how well the model predicts new observations (Boyce et al. 2002). We 

used both within-sample and out-of-sample validation techniques to test the predictive ability 

of our models.  Within-sample validation first consisted of standard logistic regression 

diagnostics and goodness-of-fit measures (Fielding and Bell 1997).  We tested our models for 

multicollinearity using variance inflation factors (VIFs).  Individual variables that are completely 

uncorrelated have VIF values of 1.  Individual parameters with VIF scores greater than 10 were 

removed as candidate variables, and all models were tested to ensure that mean scores were 

not considerably larger than 1.0 (Hosmer and Lemeshow 2000, Menard 2002).  Classification 

tables where used to assess the models ability to correctly cross-classify locations as used 

(sensitivity) or available (specificity).  Classification is sensitive to the relative number of each 

type of point, and favors classification into the larger group.  As we used a 3 to 1, available to 

used location ratio, specificity would be inflated.  Therefore, we defined a cutpoint of between 

0.2 and 0.4 for each model to aid in proper classification (Hosmer and Lemeshow 2000, Liu et 

al. 2005).  Area under the receiver operating characteristic (ROC) curve was calculated for each 

model.  Generally ROC scores of >0.7 are considered acceptable levels of discrimination 

between locations while scores >0.8 are considered excellent (Hosmer and Lemeshow 2000).  

Finally we used k-fold cross-validation where 5-random subsets of the data are validated with a 

model built from the remaining 80% of the data.  If the RSF model predicts habitat use well, 

then there should be a strong Spearman’s rank correlation (rho) between predicted use and 

ranked habitat categories (e.g., from 1 to 10). A Spearmans rank correlation of >0.64 indicates 

that the model has good predictive ability (Fielding and Bell 1997, Boyce et al. 2002).   
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The large data sets we obtained afforded the ability to use out of sample validation, which 

provides the best measure of a model’s ability to predict resource use correctly (Fielding and 

Bell 1997).  For each species, in each season, a number of telemetry locations were reserved for 

validation only, and not used in model development.  For elk, caribou, and wolves, preliminary 

data sets consisted of a mixture of VHF and GPS telemetry locations.  For these three species, 

all VHF locations were reserved for model validation with GPS data used for model training.  

The moose data set consisted only of VHF telemetry locations.  Therefore individual moose with 

fewer than 30 locations in either season were reserved for the validation data set.  Moose and 

elk out of sample data sets were supplemented with observations collected during winter aerial 

surveys and GPS data from collared moose and elk collected in 2008 and 2009. We detail 

validation data sets in the individual species sections that follow. We evaluated predictive 

performance similar to the k-folds procedure using the Spearman rank correlation between the 

predicted amount of out of sample usage and ranked habitat categories (Boyce et al. 2002). 

 

2.2.7 Seasonality 

Resource selection of all four species is known to be strongly influenced by seasonality.  For 

instance, in BC, caribou begin the winter at low elevations but move higher with accumulating 

snowpack, then move lower in elevation to take advantage of spring green-up, before finally 

moving to areas at or above tree line to calve and summer (Apps et al 2001: Seip 1992).  The 

caribou in Banff and Jasper national parks show slightly different elevational patterns than the 

woodland caribou of BC, yet still show distinct seasonal patterns (Figure 2.2).  Studies of 

individual species in and around the National Parks have taken into account the movements 

peculiar to each species when delineating specific seasons (Table 2.3).  Our task was to measure 

resource selection and spatial distribution of all four species concurrently; therefore it was 

important that each individual species model be based on the same temporal scale or seasonal 

delineation (Boyce 2006).  We chose a single broad measure of two seasons based mostly on 

the elevational migration of caribou in the National Parks; winter (December to May) and 

summer (June to November).  This afforded the greatest degree of variability between years 

and overlap between species, as it aligned with the migratory periods of migrant elk and 

moose. 
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  Table 2.3.  Season delimitations from previous studies of wildlife habitat use within the Mountain Parks 
and neighbouring areas.  All dates are inclusive. 

Species Source Location Spring 
Migration / 
Calving 

Summer Fall Migration Winter 

Caribou 
Whittington 
et al.  2005 

South 
Jasper 

March - May June - August 
September - 
November 

December - 
February 

 Saher 2006 Narraway  
May – 
November 

 
December – 
April 

 
Shepherd 
2006 

South 
Jasper 

 
April 16 – 
October 14 

 
October 15 – 
April 15 

Elk 
Hebblewhite 
2006 

Banff June  October  

 
Morgantini 
and Hudson 
1988 

Banff May - June July - August 
September - 
November 

December - 
April 

Moose 
Osko et al 
2004 

Al-Pac 
FMA 

 
April - 
September 

 
October - 
March 

Wolves Neufeld 2006 
Little 
Smoky 

April 20 – 
June 
(Denning) 

July – 
September 
20 
(Rendezvous) 

September 
21- April 19 
(Nomadic) 

 

 Weaver 1994 Jasper May - June May - August  
November - 
March 

 

 
Photo 2A. Migratory elk in the front ranges of Banff National Park. Photo credit: Mark Hebblewhite 
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Figure 2.2.  Mean monthly elevation of radio collared animals in Banff and Jasper National Parks  
1994 – 2009.  Summer season was delineated as between June 1 and November 30 by 
caribou movement to elevation near or above treeline (2000m), and winter, conversely 
between December 1 and May 31.   
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SECTION 3.0  MOOSE RESOURCE SELECTION 

3.1 INTRODUCTION 

The conversion of old-growth forests to young seral stands is hypothesized to increase 

the abundance of moose (Alces alces), the dominant prey for wolves throughout western 

Canada (McNicol, 1980; Kunkel, 2000; Wittmer, 2005; Stotyn, 2008). This increased moose 

density is assumed to result in increased wolf density, leading to higher predation rates on 

caribou (James and Stuart-Smith 2000b, Mcloughlin et al. 2003, James et al. 2004a), suggesting 

that apparent competition is the proximate cause of woodland caribou declines. Modeling 

studies by Weclaw and Hudson (2004), Lessard et al. (2005), and Courtois and Quellet (2007) 

showed that the success of caribou recovery plans hinged  on the densities of primary prey such 

as moose. Outside National Parks where more manipulative management is often permitted, 

these studies show that wolf reduction without concurrent reduction of moose populations will 

fail to recover caribou. For example, the Alberta Woodland Caribou Recovery Plan recommends 

active management of predators in combination with controlling moose densities in caribou 

ranges ( Alberta Woodland Caribou Recovery Team 2005). Therefore, knowledge of moose 

habitat selection plays an important key role in caribou conservation and recovery planning. 

 

Moose habitat selection has been well studied in North America and Europe (Ballard and 

Van Vallenberghe 1996).  Moose are primarily thought to be browsers, and summer moose diet 

is mostly composed of a large diversity of tree and shrub leaves, as well as aquatic vegetation 

(Renecker and Schwartz 1998). In winter moose increasingly feed on willow and other browse 

and can be found in open habitats where dormant shrubs provide the highest forage biomass. 

In general, moose prosper in early succession vegetation communities following disturbances 

due to a higher quantity and quality of forage (Timmermann et al. 1988, Forbes et al 1993) and 

in fact their holartic distribution is associated with coniferous forests where fire shapes early 

succession stands (Karns 1998). Maier et al (2005) found that moose densities were highest in 

areas 11 to 30 years post fire. Like the other ungulate species examined in this study, moose 

show at least partial migration and seasonal habitat selection (Peek 2007). For this and other 

reasons, generalizing observations of moose habitat preferences and applying them to other 

geographical regions  is often discouraged (e.g.Osko et al. 2004, Kittle et al. 2008).  

 

Despite their aforementioned key role in caribou recovery, no research on moose habitat 

selection has been conducted in west-central Alberta or the National Parks. Despite the focus 

on understanding the role of elk in predator-prey dynamics in the Canadian Rocky National 

Parks, new information collected as part of our Canadian Rockies Caribou Research project in 

collaboration with Jasper National Park has highlighted the potential importance of moose in 

the predator-prey dynamic of wolves and caribou, especially as elk densities decline. First, our 
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research investigating GPS clusters of 4 radiocollared wolf packs in Jasper National Park 

(Brazeau, Signal, Sunwapta, Glacier Pass) has revealed that ~36% of the kills (n=30) made by 

wolves in summer are moose, and moose comprise 14% of kills (n=57) in winter (see section 7).  

This percent occurrence in the diet certainly underestimates the importance of moose in terms 

of biomass consumed. In comparison to elk, summer diet of moose was only 5% and winter diet 

only 11% (Hebblewhite et al. 2010a report). In contrast, in Banff National Park, moose 

comprised only 5% of wolf diet year-round (Hebblewhite et al. 2004). This data emphasizes the 

importance of moose to wolves in Jasper, perhaps driving population dynamics of some wolf 

packs, and hence the population, in Jasper as much as elk has historically driven wolf dynamics 

in Banff.  

 

Understanding seasonal changes in how moose use resources, their relationships to burns, 

and their spatial overlap with wolves and caribou is important for park managers to better 

evaluate the role of moose in caribou recovery in the National Parks. The primary objective of 

this research component was to address these key information gaps by developing a seasonal 

RSF at the landscape scale to predict probability of moose use across the national parks, and 

the factors driving moose resource selection in relation to caribou recovery. Because no moose 

data were available from Jasper National Park for this study, however, we used moose VHF 

datasets collected in Banff National Park by Tom Hurd during the late 1990’s (Hurd 1999), and 

validated RSF models built with these datasets with both aerial observations and some limited 

moose GPS data collected as part of our ongoing research activities led by Wibke Peters in and 

North of Jasper National Park. 
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3.2 RESULTS 

3.2.1 Capture and Monitoring 

Between March 1994 and December 1999 a total of 45 moose were captured, fitted with 

VHF radio-collars and monitored. Collared animals were located from the air approximately 

twice monthly while ground locations were collected approximately every 3 to 7 days.  All 

locations were assigned a confidence level by project staff from 1 to 3 based on the assumed 

level of accuracy.  Only confidence level 1 and 2 locations were used in this analysis.  Total 

number of animals and locations used in model training and validation are presented in table 

3.1. 

 

 

Table 3.1  Number of radio collared moose monitored in Banff National Park and surrounding area 
1994 to 1999 and total number of locations used in model development/training and 
validation. 

Season Model Training Model Validation 

 Total Number of 
Moose Used 
 

Total number of 
locations  
(mean, range) 

Total number of 
moose reserved 

Total number of 
locations reserved. 
(mean, range) 
 

Summer 21 1386  

(   = 66, 33-159) 

19 267 

(   = 14, 1-28) 
Winter 28 1529 

(   = 55, 30-150) 

15 259 

(   = 17, 5-29) 

 

 

3.2.2 SUMMER RESOURCE SELECTION  

During summer, moose selected strongly for burns, preferred closed conifer forests and 

avoided alpine grasslands and low elevation barren landcovers (i.e., river flats).  Moose 

selection also declined with distance from water and burned areas while they chose 

intermediate distances from open canopy (~ 317 m from open areas, Table 3.2, Figure 3.1 and 

Figure 3.2).  They selected intermediate elevations (1974m), reduced slopes, and flat aspects.  

As stated earlier (see section 2.2.3.1 Variable Selection), no human use variables were 

considered in moose model development due to the possible bias associated with the 

telemetry method used.  Spatially, in Jasper National Park, moose summer resource selection 

was concentrated in upper subalpine valleys at or slightly below treeline in the side valleys of 

the main Athabasca including the Maligne, Rocky River Burn area, and North Boundary area. 

Moose in Jasper strongly avoided the Athabasca valley in the summer. In Banff National Park, 
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summer moose resource selection was concentrated in the Red Deer, Clearwater, upper 

Cascade, upper Bow and upper Pipestone river valleys. 

 

The top summer moose model explained approximately 43% of the variation in moose 

resource selection, an extremely high pseudo-R2 for a logistic regression model. Combined with 

the rest of the goodness-of-fit statistics, the moose summer RSF model was amongst the most 

predictive of all species RSF models.  It validated well showing a ROC value of 0.921, 

demonstrating outstanding discrimination.  K-folds cross validation revealed excellent 

predictive capacity to both model training data (Spearman rank correlation rho=0.922) and 

withheld model validation VHF data (Spearman rank correlation rho=0.9759) (Table 3.4). 

 

 

 

Table 3.2  Moose summer resource selection function model showing variable, beta coefficient, 
standard error, z score and Wald Chi-square P-value.  For categorical variables (see table 2.2) 
those not in the model are included in the constant term.  For distance variables a positive 
coefficient shows avoidance (i.e. use increases with distance) while negative coefficients show 
selection (i.e. use decreases with distance).  Squared variables are quadratic terms, indicating 
intermediate selection. 

 Variable Coef. Std. Err. z p 

LANDCOVER      
 Burn 2.483 0.2975 8.35 <0.0005 
 Closed Conifer 0.434 0.1146 3.78 <0.0005 
 Low Barren -0.706 0.2191 -3.22 0.001 
 Alpine Herb -1.735 0.7509 -2.31 0.021 
 Distance to burn (m) -0.00014 8.95E-06 -15.99 <0.0005 
 Distance to Water -0.0008 0.00013 -6.36 <0.0005 
 Distance to Open 

Canopy 
0.0019 0.00055 3.44 0.001 

 Distance to Open 
Canopy2 

-0.000003 5.85E-07 -4.46 <0.0005 

TOPOGRAPHY      
 Elevation 0.0473 0.00243 19.51 <0.0005 
 Elevation2 -0.000012 6.64E-07 -18.09 <0.0005 
 Slope -0.0434 0.0029 -15.1 <0.0005 
 Flat Aspect 0.757 0.183 4.14 <0.0005 
 North Aspects -0.322 0.1134 -2.85 0.004 
 South Aspects -0.624 0.1167 -5.34 <0.0005 
 _constant -44.26 2.185 -20.26 <0.0005 
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Figure 3.1.  Moose summer resource selection function (RSF) for Jasper National Park.  Validation 
locations in this area were restricted to a single GPS collared moose, in Alberta Wildlife 
Management Unit 440. 

  



 

 

39 Parks Canada Caribou Habitat Modeling Final Report 

Figure 3.2.   Moose summer resource selection function (RSF) for Banff National Park.  Validation 
locations are reserved out of sample VHF locations (1994 – 1999). 
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Moose selected for young and old forests while avoiding forests of intermediate stand age 

(Table 3.3 and Figure 3.3).  Use was lowest at 133 yrs.  However, , the stand age model did not 

predict moose use or validate well (Table 3.4).   Only 3% of the variation in moose summer 

forest use was explained by stand age.  The ROC score of 0.5701 was well below a minimum 

acceptable level of 0.70.  Within sample k-fold cross validation was poor and out of sample 

validation non-significant (Table 3.4). 

 

 

Table 3.3  Moose summer response to stand age modeled as both a generalized additive 
model (GAM) and generalized linear latent and mixed model (GLLAMM) for mapping 
purposes.  Gain represents the level of nonlinearity in the GAM model. 

 Variable Coef. Std. Err. z p 
GAM Age 0.003647 0.000458 7.969 <0.0005 
 _constant -0.47411 0.040896 -11.593  
 Gain 76.456   <0.0005 
      
GLLAMM Age -0.008248 0.001838 -4.49 <0.0005 
 Age2 0.000031 4.56E-06 6.86 <0.0005 
 _constant -0.192180 0.156061 -1.23 0.218 

 

 

Figure 3.3  Moose summer response to stand age showing generalized additive model (GAM) and 
quadratic GLLAMM function used for mapping. 
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Table 3.4  Moose summer goodness of fit and model validation statistics for both landcover based and 
stand age based resource selection functions (RSFs).  See section 2.2.3.2 Validation for an 
explanation of each parameter. 

Model Mean 
VIF1 

Pseudo 
R2 

Classification Table ROC Mean K-
fold (rho) 

Out of 
Sample 
(rho) 

   Sensitivity Specificity    

Moose 
Summer 
RSF 

1.27 0.4290 80.07 84.50 0.9110 0.9217 0.9756 
P<0.0001 

Moose 
Summer 
Age 

N/A 0.0371 88.10 14.86 0.5701 0.30 0.4182 
P=0.2291 

 

3.2.3  Winter Resource Selection 

In winter, moose selected both open and closed conifer forests and avoided low elevation 

barren areas.  As in summer, in winter moose selected strongly for burned areas and their use 

declined with distance from burns (Table 3.5, Figure 3.4 and Figure 3.5).  Their use also declined 

with distance from streams and river banks.  Again, as in summer, they selected for mid-

elevations (use was greatest at 1878m) and use decreased with increased slope.  Flat and 

western aspects were favored. Geographically, in Jasper National Park, moose resource 

selection was still concentrated outside of the main Athabasca valley in lower subalpine valleys 

in the Maligne, mid to lower Snake Indian, Sunwapta, and Whirlpool river valleys. In Banff, 

winter moose resource selection was concentrated similarly in lower subalpine valleys. 

 

Our top winter RSF explained approximately 40% of the variation in moose resource use, 

and validated well.  The receiver operating characteristic (ROC) value of 0.9024, demonstrated 

outstanding discrimination.  K-folds cross validation revealed excellent predictive capacity to 

both model training data (Spearman rank correlation rho=0.9115) and withheld model 

validation data (Spearman rank correlation rho=0.9879) a combination of GPS locations from 

2009, reserved VHF locations spanning the period 1994 to 1999, and aerial survey observations 

from the winters of 2008 and 2009 (Table 3.6). 
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Moose selected for young and old forests in winter with selection lowest at approximately 

150 years (Table 3.3).  However our age based model of moose forest use in winter validated 

poorly accounting for only 1% of the variation in moose selection and a specificity of 0%.  As in 

summer, both with and out of sample validation was low, showing k-fold Spearman rank 

correlation of 0.3267 and non-significant out of sample rho validation (Table 3.7). 

 

 

Table 3.6  Moose winter response to stand age modeled as both a generalized additive model (GAM) 
and generalized linear latent and mixed model (GLLAMM) for mapping purposes.  Gain 
represents the level of nonlinearity in the GAM model. 

 Variable Coef. Std. Err. z p 

GAM Age 0.00045 4.163 33.743 <0.0005 
 _constant -0.373 0.0371 -10.051  
 Gain 33.74   <0.0005 
      
GLLAMM Age -0.00637 0.0017 -3.73 <0.0005 
 Age2 0.000021 4.27E-06 4.96 <0.0005 
 _constant -0.0465 0.1360 -0.34 0.732 

 

Table 3.5. Moose winter resource selection function model showing variable, beta coefficient, standard 
error, z score and  Wald Chi-square P-value.  For categorical variables (see table 2.2) those not in 
the model are included in the constant term.  For distance variables a positive coefficient shows 
avoidance (i.e. use increases with distance) while negative coefficients show selection (i.e. use 
decreases with distance).  Squared variables are quadratic terms, indicating intermediate 
selection. 

Covariate Variable Coef. SE z P>|z| 

LANDCOVER      

 Burn 2.289 0.2906 7.87 <0.0005 

 Closed Conifer 0.916 0.1209 7.57 <0.0005 

 Low Barren -0.733 0.2657 -2.76 0.006 

 Open Conifer 0.686 0.1587 4.32 <0.0005 

 Distance to Burn -0.00016 8.72E-06 -18.17 <0.0005 

 
Distance to Stream 
Bank -0.0009 0.00011 -7.61 <0.0005 

TOPOGRAPHY      

 Elevation(m) 0.045 0.0023 19.72 <0.0005 

 Elevation2 -0.000012 6.43E-07 -18.62 <0.0005 

 Flat Aspect 1.432 1.61E-01 8.89 <0.0005 

 West Aspects 0.641 0.0950 6.76 <0.0005 

 Slope(%) -0.028 0.0026 -10.98 <0.0005 

 _constant -41.12 1.990 -20.66 <0.0005 
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Figure 3.4  Moose winter resource selection function (RSF) for Jasper National Park.  Validation locations 
were winter aerial survey observations (2008 and 2009) and GPS locations from a single GPS 
collared moose in Alberta Wildlife Management Unit 440.  
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Figure 3.5  Moose winter resource selection function for Banff National Park.  Validation locations were 
reserved out of sample VHF telemetry locations (1994 -1999). 
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Figure 3.6  Moose winter response to stand age showing generalized additive model (GAM) and 
quadratic function used for mapping. 

 

 
 

 

 

 

Table 3.7  Moose Winter goodness of fit and model validation statistics for both landcover based and 
stand age based resource selection functions (RSFs).  See section 2.2.3.2 Validation for an 
explanation of each parameter. 

Model Mean 
VIF1 

Pseudo 
R2 

Classification Table ROC Mean K-
fold (rho) 

Out of 
Sample 
(rho) 

   Sensitivity Specificity    

Moose 
Winter 
RSF 

1.26 0.3990 81.82 82.76 0.9024 0.9115 0.9879 
P<0.0001 

Moose 
Winter 
Age 

N/A 0.0110 100 0.00 0.5445 0.3267 0.3465 
P=0.3297 

 

 

 



 

 

46 Parks Canada Caribou Habitat Modeling Final Report 

3.3  DISCUSSION 

Our models showed strong selection for burned areas by moose, and declining use with 

distance from burns in both winter and summer.  Moose selection for burns was stronger 

seasonally in both winter and summer compared to elk, who only selected burns in the summer 

(see Section 4). This pattern of selection is consistent with the literature as many studies found 

that moose select early-succession forest stages (e.g. after fire, forest harvesting, insect 

outbreaks, windfall) that provide improved forage (Kunkel and Pletscher 2000, Maier et al. 

2005, Wittmer et al. 2005a).   The stronger selection for burns especially during winter suggests 

that it was the increased browse response in burns, and not herbaceous vegetation, that moose 

selected for. For example, Sachro et al. (2005) showed a >220% increase in browse biomass in 

burned areas in Banff National Park’s front ranges. Especially because of the difference 

between moose and elk in their winter selection for burns, we interpret these differences to be 

because of the increased browse biomass available in burns to moose during winter.   

 

Moose showed the greatest year round elevation overlap with caribou, selecting upper 

subalpine areas during summer and remaining at higher elevations even during winter because 

of their adaptations to deeper snowpack. In our study moose, elevation use was similar to 

caribou in summer, slightly below 2000m and winter use was only approximately 100m lower in 

winter than in summer, indicating overlapping selection patterns. While migratory elk occurred 

at higher elevations than moose during summer, presumably because of the selection of alpine 

herbaceous communities, the higher elevations that moose selected during winter probably 

means that wolf selection for moose during winter increases their overlap with caribou during 

this critical time for mortality for caribou.  

 

While moose and caribou are sympatric throughout the boreal coniferous biome, they are 

hypothesized to coexist through resource partitioning (Boer 2007). Hence, the diet of moose 

and caribou in general does not overlap, except in summer when both species consume forbs 

and deciduous vegetation (Rominger et al. 2000, McArt et al. 2009). Woodland caribou mostly 

feed on terrestrial and arboreal lichens, especially during winter (Rominger and Robbins 1996, 

Mcloughlin et al. 2006), while moose are generalist browsers, mainly feeding on shrubs (Telfer 

1994). One of the major advantages of this specialization by caribou is the ability to survive in 

nutrient poor habitats spatially separated from other ungulates and conspecifics (Rominger et 

al. 1996, Thomas and Gray 2002, Brown et al. 2007). The spatial separation hypothesis suggests 

that specialization of caribou may separate them from moose and their predators, reducing the 

negative effects of apparent competition by avoidance of wolves and thereby increasing 

survival and persistence (Fuller and Keith 1980, Bergerud and Page 1987, Bergerud et al. 1990, 

Seip 1992, Schaefer et al. 2001, James et al. 2004b). However, increasing younger forests (e.g. 

early succession stages after burns) selected by moose, and spatial fragmentation of older 
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forests that caribou select, limit the ability of caribou to spatially separate from moose (James 

and Stuart-Smith 2000a, James et al. 2004b). Moose are able to exploit a wider range of 

habitats and habitat components (Peek 2007). However, even though wolf population dynamics 

are driven by elk in Banff National Park, wolves are more likely driven by moose populations 

(Hebblewhite et al 2007) in Jasper as their diet there is mainly composed of deer and moose, 

followed by elk, sheep, and goat (Hebblewhite et al. 2004, Hebblewhite et al. 2010a). 

 

Caution should be used when extrapolating moose habitat models developed with data 

from Banff to Jasper and especially the foothills range of the A La Peche herd because of 

variation in local habitat selection as habitat composition changes (Osko et al. 2005, Peek 

2007). Despite the fact that our moose models were trained using data collected only in Banff 

National Park, they accurately predicted 

moose resource use in Jasper National 

Park, and in the mountainous area of 

Alberta Wildlife Management Unit 440 

immediately north of the park. This 

indicates that the predictive capability of 

our models exceeds the park boundaries 

and inferences may be applicable to areas 

immediately adjacent to the park as well.  

Given the growing realization of the 

importance of moose to the diet of wolves 

in Jasper, the very strong selection by 

moose for burns year round, and the 

knowledge of high potential spatial 

overlap between moose and caribou 

revealed by these RSF models, Park 

Managers may consider taking into 

account factors driving moose abundance 

in caribou recovery areas. 

 
Photo 3A. Moose foraging in a 20-year old 
burn.  
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SECTION 4.0  ELK RESOURCE SELECTION 

4.1 INTRODUCTION  

In comparison to moose and caribou, elk are considered more of a generalist herbivore and 

tend to show more flexibility in their choice of foods and more broadly in their habitat (Cook 

2002, Geist 2002, Christianson and Creel 2007).  Because elk diet typically consists of 

herbaceous vegetation, they often select for early seral stands and burns (Irwin and Peek 1983, 

Peck and Peek 1991, Hebblewhite et al. 2008), and fire is known to increase herbaceous forage 

biomass for elk significantly in the Canadian Rockies (Sachro et al. 2005, Hebblewhite et al. 

2008).  In western North America, winter elk habitat is often described as south facing areas of 

mild to medium slopes, where the snowpack is reduced, in a mix of open grasslands and conifer 

cover (Peck and Peek 1991, Unsworth et al. 1998, Skovlin et al. 2002, Mao et al. 2005).  Elk 

habitat in winter and summer is also strongly influenced by predation by wolves and human 

predation, leading to avoidance of areas with high predation risk (Lyon 1983, Burcham et al. 

1999, Rowland et al. 2000b, Hebblewhite and Merrill 2009). In summer, elk habitat selection is 

driven by the availability of high-quality herbaceous forage often at higher elevations in 

mountainous terrain (Mao et al. 2005, Hebblewhite et al. 2008), but is made more complicated 

by variation in migratory life-history. 

 

Most montane elk populations show some degree of partial migration whereby some 

proportion of the population migrates (Kaitala et al. 1993, Irwin 2002).  Migrants access higher 

quality forage by making a tradeoff between lower biomass with higher digestibility of the 

younger plants at higher elevations (Hebblewhite et al. 2008).  Although the ratio of migrants to 

residents has declined since the 1970s, Banff National Park’s largest elk herd, the Ya Ha Tinda, 

still show approximately 2 migrants for every resident (Hebblewhite et al. 2008).  Other 

populations used in this analysis (the Bow valley or Banff herd, the Brazeau, and Jasper herds) 

all showed some level of partial migration, although the Banff and Jasper townsite herds display 

the lowest proportion of migrant behavior (Woods 1991, unpublished data).  The advantage or 

benefit of migration may be compounded with the new plant growth in recently burned 

summer range of migratory elk (Pearson et al. 1995, White et al. 2003).   

 

A strong numeric response of wolves to increasing elk density has been documented in the 

Canadian Rockies (Hebblewhite et al. 2007) that matches the broader strong tie between wolf 

density and ungulate biomass (Fuller 1989, Fuller et al. 2003) found across North America. 

However, spatial overlap between wolves and caribou may be more reliant on the aggregative 

response of wolves (i.e. wolves following migratory elk to higher elevations in summer, 

(Hebblewhite and Merrill 2007).  Therefore, we partitioned migratory and nonmigratory elk to 

develop separate summer resource selection functions in order to delineate between the 
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relative importance of each migratory behavior to the spatial overlap hypothesis for caribou 

persistence as well as elucidate any difference in selection by migratory and nonmigratory elk 

to burned areas.  Migratory and nonmigratory animals were combined in winter to produce a 

single RSF.  

4.2 RESULTS 

4.2.1 Capture and Monitoring 

From 1997 to 2009, 358 elk were captured and fitted with either GPS or VHF collars in Banff 

and Jasper National Parks and vicinity (e.g., Brazeau).  GPS locations were standardized to a 4 

hour interval, and only consecutive locations with at least this time period between locations 

were used.  All VHF telemetry data was reserved for out of sample model validation.   Almost 

72,000 locations were collected, with approximately 17% from 309 VHF collared elk reserved 

for out of sample model validation (Table 4.1).  VHF out of sample data sets were 

supplemented with GPS locations collected after 2007 and 90 observations from aerial surveys 

conducted in Jasper during the winters of 2008 and 2009 were added to the winter model 

validation set. 

 
Table 4.1  Number of radio collared elk monitored in Banff and Jasper National Parks and surrounding 

area 1997 to 2009 and total number of locations used in model development/training and 
validation. 

Season Herd Model Training Model Validation 

  Total Number of 
Elk Used 
 

Total number of 
locations  
(mean, range) 

Total number of 
elk reserved 

Total number of 
locations reserved. 
(mean, range) 

Summer Ya Ha 
Tinda 

27 21330 

( = 790, 82-1096) 

115 2876 

( = 25, 1 -75) 
 Brazeau 7 5434 

( = 776, 270-1003) 

0 n/a 

 Banff 0 n/a 72 2782 

( = 2, 1 -72) 
 Jasper 4 2854 

( = 713, 391-875) 

23 124 

( = 5, 1 -10) 
      
Winter Ya Ha 

Tinda 
31 17688 

( = 571, 24-1183) 

134 3588 

( = 27, 1 -84) 
 Brazeau 11 8161 

( = 742, 240 – 
1388) 

0 n/a 

 Banff 0 n/a 79 2692 

( = 34, 1 -65) 
 Jasper 7 4134 

( = 591, 274 – 
1087) 

30 165 

( = 6, 1 -18) 
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4.2.2 Summer Resource Selection 

In summer, migratory elk selected most strongly for high elevation grasslands and 

shrublands, followed by strong selection for low elevation grasslands and shrubs, relative to the 

intercept which contained all other landcover types except burn.  Selection was mildly positive 

for burned areas and use declined with distance from burns.  They selected for moderate 

elevations (2453 m), south and flat aspects and selection declined with increasing slope.  The 

relative probability of selection also declined with distance from the human use variables towns 

and trails, while secondary roads were avoided (Table 4.2, Figure 4.1 and Figure 4.2). The 

spatial predictions in Banff and Lake Louise showed areas of intermediate elevations were 

selected the strongest in the continental divide areas southwest of Jasper, the North Boundary 

areas, and the Maligne range in Jasper. In Banff, migrant elk showed strong selection for the 

front ranges in the Red Deer, Panther, Cascade and Clearwater rivers, as well as the Main 

ranges North of Lake Louise. 

 

Table 4.2  Migratory elk summer resource selection function showing variable, beta coefficient, 
standard error, z score and Wald Chi-square p-value.  For categorical variables (see table 2.2) 
those not in the model are included in the constant term.  For distance variables a positive 
coefficient shows avoidance (i.e. use increases with distance) while negative coefficients show 
selection (i.e. use decreases with distance).  Squared variables are quadratic terms and reveal 
an intermediate selection. 

 Variable Coef. Std. Err. z p 

LANDCOVER Burn 0.240 0.0588 4.07 <0.0005 
 Alpine Herb 1.909 0.0636 29.99 <0.0005 
 Low Herb 1.398 0.0505 27.64 <0.0005 
 Low Shrub 0.719 0.0433 16.62 <0.0005 
 Alpine Shrub 1.022 0.0959 10.65 <0.0005 
 Distance to Burn -0.00018 3.32E-06 -55.17 <0.0005 
 Distance to Open 0.002000 0.00011 18.65 <0.0005 
 Mean NDVI 0.00012 6.38E-06 18.84 <0.0005 
 Distance to Edge -0.00267 8.88E-05 -30.03 <0.0005 
      
TOPOGRAPHY Elevation 0.0129 0.00038 33.83 <0.0005 
 Elevation2 -2.62E-06 1.05E-07 -24.91 <0.0005 
 South Aspects 0.483 0.0275 17.52 <0.0005 
 Flat Aspects 0.372 0.0543 6.86 <0.0005 
 Slope -0.043 0.0008 -52.78 <0.0005 

      

HUMAN USE      
 Distance to Secondary 

Roads 1.42E-05 1.16E-06 12.22 <0.0005 
 Distance to Trails -0.0003 8.42E-06 -35.18 <0.0005 
 Distance to Town -1.2E-05 5.02E-07 -23.47 <0.0005 
 Intercept -12.32 0.351 -35.1 <0.0005 
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Figure 4.1. Migratory elk summer resource selection function (RSF) for Jasper National Park.  Validation 
locations are VHF telemetry locations 2008 – 2009.   
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Figure 4.2 Migratory elk summer resource selection function (RSF) for Banff National Park.  Validation 
locations are VHF telemetry points 1997 – 2004. 
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In summer, nonmigratory elk selected most strongly for low and alpine grasslands as well 

as open conifer stands closed conifer and low barren areas (river flats) and wetlands/water 

areas.  Although alpine variables were retained and selected for in the top model (due to some 

nonmigratory animals moving to higher elevations in summer without leaving their winter 

home range), use was greatest at lower elevations (1912 m) (Table 4.3, Figure 4.3, and Figure 

4.4).  Northern aspects were avoided and use declined with increased slope.  All human use 

variables were selected for, whereby nonmigratory elk selected to be close to towns, trails and 

secondary roads. Distance to primary roads was not significant in our final model. 

 

Table 4.3  Nonmigratory elk summer resource selection function model showing variable, beta 
coefficient, standard error, z score and Wald Chi-square p-value.  For categorical variables (see 
table 2.2) those not in the model are included in the constant term.  For distance variables a 
positive coefficient shows avoidance (i.e. use increases with distance) while negative 
coefficients show selection (i.e. use decreases with distance).  Squared variables are quadratic 
terms and reveal an intermediate selection. 

 Variable Coef. Std. Err. z p 

LANDCOVER Burn 0.267 0.1065 2.5 0.012 
 Closed Conifer 0.600 0.0775 7.73 <0.0005 
 Low Barren 0.982 0.1017 9.65 <0.0005 
 Low Herb 2.195 0.0898 24.45 <0.0005 
 Low Shrub 1.654 0.0847 19.52 <0.0005 
 Open Conifer 2.294 0.0811 28.28 <0.0005 
 Wetlands & Water 0.525 0.1331 3.95 <0.0005 
 Alpine Barren 0.753 0.1696 4.44 <0.0005 
 Alpine Herb 2.265 0.1472 15.38 <0.0005 
 Alpine Shrub 1.056 0.2547 4.14 <0.0005 
 Distance to Burn -0.00025 4.57E-06 -53.85 <0.0005 
 Distance to Edge -0.00126 7.12E-05 -17.72 <0.0005 
 Distance to bank 0.00025 3.66E-05 6.85 <0.0005 
 Mean NDVI 0.000044 7.26E-06 6.07 <0.0005 
      
TOPOGRAPHY Slope -0.073 0.0015 -49.97 <0.0005 
 Elevation 0.01056 0.0005 19.7 <0.0005 
 Elevation2 -2.76E-06 1.65E-07 -16.7 <0.0005 
 East Aspects 0.639 0.0459 13.92 <0.0005 
 South Aspects 0.736 0.0484 15.21 <0.0005 
 West Aspects 0.537 0.0509 10.54 <0.0005 
 Flat Aspects 0.414 0.0616 6.71 <0.0005 
      
HUMAN USE Distance to Trails -0.0004 1.31E-05 -30.41 <0.0005 
 Distance to Secondary 

Roads -5.5E-05 2.02E-06 -27.08 <0.0005 
 Distance to Town -0.00002 5.91E-07 -33.82 <0.0005 
 Intercept -7.132 0.441 -16.17 <0.0005 
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Figure 4.3.  Nonmigratory elk summer resource selection function (RSF) for Banff National Park.  
Validation locations are VHF telemetry locations 1997 – 2004. 
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Figure 4.4.  Nonmigratory elk summer resource selection function (RSF) for Jasper National Park.  
Validation locations are VHF telemetry locations 2004 – 2009. 
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Migratory and nonmigratory elk showed somewhat divergent selection of forest stand 

age, with nonmigratory elk selecting for forest aged 95 years, while migratory elk selected 

young and old forests with probability of use lowest at 224 years (Table 4.4, Figure 4.5) 

(although both models validated poorly – see below).  For both migratory and nonmigratory 

elk, the inclusion of a herd term in a 3-level GLAMM produced the best fit model of stand age, 

in comparison to the 2-level (individual elk only) GLAMM that was the best fitting model for the 

overall summer and winter RSF. This suggests some differences between elk herds in their 

selection for stand age, but regardless, the predictive capacity of stand-age models for elk was 

extremely low (Table 4.5). 

 

Table 4.4  Elk  summer response to stand age modeled as both a generalized additive model (GAM) and 
generalized linear latent and mixed model (GLLAMM) for mapping purposes.  Gain represents 
the level of nonlinearity in the GAM model. 

  Variable Coef. Std. Err. z p 

Migratory Elk GAM Age -0.0015 0.00017 -8.98 <0.0005 
  _constant -1.0245 0.0140 -73.23 <0.0005 
  Gain   726.9 <0.0005 
       
 GLLAMM Age -0.014 0.0005 -28.15 <0.0005 
  Age2 3.08E-05 1.18E-06 26.1 <0.0005 
  _constant -0.015 0.127 -0.12 0.904 
Nonmigratory 
Elk 

      
GAM Age -0.00452 0.0003 -16.658 <0.0005 

  _constant -0.925 0.0150 -61.941  
  Gain   344.41 <0.0005 
       
 GLLAMM Age 0.0083 8.58E-04 9.64 <0.0005 
  Age2 -0.00004 2.87E-06 -15.13 <0.0005 
  _constant -1.160 0.0945 -12.26 <0.0005 

 

 

Our Landcover based RSFs validated extremely well, both showing ROC values above 0.90 

demonstrating outstanding discrimination, as well as other high measures of goodness-of-fit 

and predictive capacity.  K-folds cross validation and out of sample validation also revealed 

excellent predictive capacity for both models (Table 4.5).  Our age based models performed 

poorly.  Both showed ROC values below 0.70 and non-significant out of sample Spearman rank 

correlations (Table 4.5).  Although the nonmigratory elk age model showed a passable within 

sample k-fold cross validation of 0.88,  the sensitivity of 0 and low out-of-sample spearman rank 

correlation rho of 0.1636 are overwhelming evidence that stand age was not predictive of elk 

habitat, either for migratory or nonmigratory elk. 
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Figure 4.5  Elk  Summer response to stand age showing generalized additive model (GAM) and quadratic 
function used for mapping. 

 

 
 

 

 

Table 4.5  Elk summer goodness of fit and model validation statistics for both landcover based and stand 
age based resource selection functions (RSFs).  See section 2.2.3.2 Validation for an explanation 

of each parameter. 
Model Mean 

VIF1 
Pseudo 
R2 

Classification Table ROC Mean K-
fold 
(rho) 

Out of 
Sample 
(rho) 

   Sensitivity Specificity    

Migratory 
Summer RSF 

1.45 0.403 76.69 84.08 0.903 0.987 0.994 
P<0.005 

Nonmigratory 
Summer RSF 

1.73 0.512 85.27 86.99 0.936 0.963 0.976 
P<0.005 

Migratory 
Summer Age 

N/A 0.020 20.96% 91.21 0.547 0.480 -0.0061 
P=0.99 

Nonmigratory 
Summer Age 

N/A 0.027 0 100% 0.605 0.880 0.1636 
P=0.65 
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4.4.3  Elk Winter Resource Selection 

In winter elk selected for low elevation habitats that provide winter forage, low snow 

cover, low elevation herb and shrublands.  Open conifer and low barren landscapes were also 

selected.  Burned areas were not significant in the top model, however use did decline with 

distance from burns.   Lower elevations were selected with use greatest at 1665 m. West and 

south aspects were favoured and use declined with increased slope.  Trails were avoided up to 

a distance of 600m, and use declined linearly with distance from secondary roads and towns 

(Table 4.6, Figure 4.6 and Figure 4.7). Areas of high probability of selection corresponded 

closely to low elevation montane valleys throughout both Banff and Jasper National Parks, 

closely matching validation data sets (see below).   

 

Table 4.6  Combined Elk Winter resource selection function model showing variable, beta coefficient, 
standard error, z score and Wald Chi-square p-value.  For categorical variables (see table 2.2) 
those not in the model are included in the constant term.  For distance variables a positive 
coefficient shows avoidance (i.e. use increases with distance) while negative coefficients show 
selection (i.e. use decreases with distance).  Squared variables are quadratic terms and reveal 
an intermediate selection. 

 Variable Coef. Std. Err. z p 

LANDCOVER Low Barren 0.423 0.0571 7.41 <0.005 
 Low Herb 2.306 0.0403 57.28 <0.005 

 Low Shrub 1.437 0.0358 40.14 <0.005 

 Mixed Forest -0.57 0.0790 -7.19 <0.005 

 Open Conifer 1.539 0.0306 50.27 <0.005 

 Distance to Burns -0.00019 3.00E-06 -61.91 <0.005 

 Distance to Bank -0.00012 3.06E-05 -4.07 <0.005 

 Distance to Open -0.00232 7.03E-05 -33.04 <0.005 

     <0.005 

TOPOGRAPHY Slope (%) -0.072 0.0011 -64.22 <0.005 

 Elevation (m) 0.0189 0.0004 43.28 <0.005 

 Elevation2 -5.66E-06 1.36E-07 -41.48 <0.005 

 South Aspects 0.913 0.0281 32.46 <0.005 

 West Aspects 0.505 0.0300 16.85 <0.005 

     <0.005 

HUMAN USE Distance to Trails 0.00031 0.00004 8.26 <0.005 

 Distance to Trails2 -2.62E-07 1.20E-08 -21.81 <0.005 

 Distance to Secondary 
Roads -4.4E-05 1.48E-06 -29.99 

<0.005 

 Distance to Towns -2.5E-05 4.59E-07 -53.61 <0.005 

 _constant -12.59 0.348 -36.17 <0.005 
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Figure 4.6  Elk winter resource selection function (RSF) for Banff National Park.  Validation locations are 
VHF telemetry locations 1997 – 2005. 
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Figure 4.7. Elk winter resource selection function (RSF) for Jasper National Park.  Validation locations are 
out of sample VHF telemetry locations 2004 - 2009, and winter aerial survey observation 2008 
and 2009.  
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In winter elk selected relatively young stands with probability of use declining rapidly after 

200 years.  The quadratic GLLAMM shows use maximized at approximately 85 years while the 

more flexible GAM model predicted use highest at the  x intercept or 0 years (Table 4.7 and 

Figure 4.8). 

 

 

Table 4.7.  Combined Elk response to stand age modeled as both a generalized additive model (GAM) 
and generalized linear latent and mixed model (GLLAMM) for mapping purposes.  Gain 
represents the level of nonlinearity in the GAM model. 

 Variable Coef. Std. Err. z p 

GAM Age -0.00305 0.000177 -17.239 0 
 _constant -1.21052 0.010963 -110.419  
 Gain 333.612   0 
      
GLLAMM Age 0.00338 0.000579 5.84 0 
 Age2 -0.00002 1.73E-06 -12.37 0 
 _constant -1.24272 0.130519 -9.52 0 

 

 

Figure 4.8  Elk  winter response to stand age showing generalized additive model (GAM) and quadratic 
function used for mapping. 
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Our top winter resource selection model for elk validated well.  Modeling their response to 

landcover variables allowed us to account for almost 58% of the variation in spatial use.  ROC 

values, mean k-fold cross validation and out of sample Spearman rank rho values all show 

excellent levels of prediction (Table 4.8).  Again however, the age based model performed 

poorly showing 0% sensitivity, a low ROC value of 0.52 (equivalent to tossing  a coin), and non-

significant out of sample Spearman rank correlation. (Table 4.8). 

 

 

Table 4.8.  Elk winter goodness of fit and model validation statistics for both landcover based and stand 
age based resource selection functions (RSFs).  See section 2.2.3.2 Validation for an explanation 

of each parameter. 
Model Mean 

VIF1 
Pseudo 
R2 

Classification Table ROC Mean K-
fold 
(rho) 

Out of 
Sample 
(rho) 

   Sensitivity Specificity    

Winter 
Landcover 
RSF 

1.40 0.579 86.94 89.18 0.9532 0.982 0.9939 
P<0.005 

Winter Age n/a 0.013 0 100 0.5200 0.64 -0.1879 
P=0.6032 
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4.5 DISCUSSION 

Despite the general view that elk select early seral stand age forests, we found marginal 

and weak selection for stand age in of itself by both migratory and nonmigratory elk during 

winter and summer.  This is similar to recent studies in British Columbia that also found shown 

weak selection for stand age by elk during winter (Poole and Mowat 2005). While none of our 

age-based RSF models performed well, elk resource selection was highly predictable based on 

our top landcover-based RSFs.  We found important differences between migrant and resident 

elk that corroborate results of focused studies at the Ya Ha Tinda on differential trade-offs 

between risk and forage made by migrant and resident elk during the summer (Hebblewhite 

and Merrill 2007;2009).  Importantly, our landcover-based RSF showed very similar patterns to 

recent habitat selection models in the Canadian Rockies and adjacent areas (McKenzie 2001, 

Boyce et al. 2003, Poole and Mowat 2005, Frair et al. 2007, Hebblewhite et al. 2008).  All of our 

elk models show the direct link between elk forage and resource selection.  For example, in 

each model, in each season, grasslands and shrublands were strongly selected. Moreover, 

migratory elk showed strong selection for alpine herbaceous vegetation communities, and 

resident elk showed stronger selection for low elevation habitats year-round.  

 

Selection for human activity at this second order scale suggests that elk select home ranges 

within the entire study area that are generally closer to human activity than expected, showing 

their affinity for low elevation winter ranges close to humans.  However, in summer, migrant 

elk avoided areas close to secondary roads, while nonresident elk selected areas closer to 

human activity. During winter, all elk showed some avoidance of areas within 600m of trails, 

potentially because of elk avoidance of predation risk from wolves (Hebblewhite et al. 2005b, 

Whittington et al. 2005b) or because of human activity (Hebblewhite et al. 2005b).  Finer-scale 

analysis within the home range would likely show stronger spatio-temporal avoidance of high 

human activity, similar to previous studies in the Canadian Rockies and elsewhere (Kie 1999, 

Rowland et al. 2000a, Frair et al. 2005, Kloppers et al. 2005).    

 
From a caribou conservation perspective, elk selection for elevation and burned habitats 

had potential consequences. In summer, migratory elk selected an elevation almost 500m 

higher than nonmigratory elk; thus, migratory elk have the greatest potential to overlap with 

caribou given their very similar elevational profile, even greater than moose elevation overlap 

with caribou during summer (Figure 2.4).  In summer, both migratory and nonmigratory elk 

selected for burned areas, confirming that, although elk did not show strong selection for stand 

age, they did actively select burned areas, similar to results of studies of elk in Yellowstone 

National Park (Tracy and Mcnaughton 1997, Mao et al. 2005), Ya Ha Tinda (Hebblewhite et al. 

2009), and the Northern Canadian Rockies in the Muskwa-Kechika (Peck and Peek 1991).  

However, their selection for burned habitats was considerably weaker than moose selection for 
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burns ( =0.24 and  =0.27 during summer for nonmigratory and migratory elk, respectively vs 

>2.0 for moose.  Nonmigratory elk use declined only slightly faster than did migratory elk with 

distance from burns (Table 4.2 and Table 4.3), suggesting that both migratory and nonmigratory 

elk respond similarly to select areas close to burns (Figure 4.9). 

 

Elk selection for burns was almost certainly driven by the substantially higher forage 

biomass found within them. Because of the way in which we analyzed burns throughout all 

species RSF models, we did not differentiate burned forests from burned grasslands or 

shrublands. However, the most dramatic effect on forage biomass in Banff following fire was 

the conversion of conifer forests stands to high herbaceous forage biomass partially open or 

completely open stands. For example, within burns <30 years old in the front ranges of Banff 

National Park, Sachro et al. (2005) showed that burning grasslands or shrublands increased 

forage biomass from 336-747 KG/Ha to 517-1104 kg/ha.  In comparison, burning conifer forests 

dramatically increased the forage biomass of herbaceous vegetation from 146 KG/ha to 791 

KG/ha.  Sachro et al. (2005) showed that the greatest increase in elk forage biomass occurred 

when conifer forests were burned. In her study area, 73% of the increase was attributable to 

burning Engleman spruce stands. Therefore, the strong selection we saw by elk for burns was 

undoubtedly because of the higher forb and graminoid biomass during summer. In comparison 

to moose, elk only selected burns strongly during summer, suggesting that browse was more 

important to moose than elk. In support of this, Sachro (2005) also showed that browse 

biomass increased >220% in grasslands and shrublands, explaining our previous results of high 

selection of burns by moose year round. 

 

In conclusion, elk resource selection has several implications for caribou conservation.  

High elevational and spatial overlap between migratory elk and caribou during summer could 

drive a spatial aggregative response of wolves to caribou areas if wolves selected for migratory 

elk during summer.  Although elk selection for burns was weaker than moose, and only showed 

strong selection for burned landcover classes during summer, this selection pattern could 

reduce habitat quality for caribou in areas surrounding burns if wolves also selected for 

ungulate prey in and around burned areas; we address this in Section 6.0.  

 

 

Figure 4.9.  Migratory and nonmigratory elk response to burn distance in summer, Banff and Jasper 
National Parks 2001 to 2009. 
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SECTION 5.0  CARIBOU RESOURCE SELECTION 

5.1 INTRODUCTION 

Southern mountain woodland caribou (Rangifer tarandus caribou) display a variety of life-

history strategies to obtain forage and avoid predation risk that seem to vary dependent on the 

availabilities of arboreal and terrestrial lichen, especially during winter. Throughout most of the 

interior wet-belt Columbia mountains of BC, caribou seasonally migrate between distinct 

summer and winter ranges (Seip 1992).  This distinction in range is thought to minimize limiting 

factors that vary between seasons; predation in summer, and scarcity of quality forage in 

winter (Wittmer et al. 2006).  In winter, southern mountain caribou in British Columbia prefer 

old serial class forests where the abundance of arboreal lichens is highest (Terry et al. 2000, 

Johnson et al. 2004), while in summer they migrate to high elevations where predator numbers 

are low (Bergerud and Page 1987, Seip 1992).   

 

In Banff and Jasper National Park, southern mountain caribou show some similarities and a 

few differences to the life-history patterns of the strict seasonal migrations of Interior Columbia 

mountain woodland caribou. Instead of showing strict migration whereby all individuals 

migrate between seasonal ranges, caribou in Banff and Jasper seemingly show a more partial 

migration strategy whereby some individuals within a herd show the kinds of seasonal 

migration observed in the Columbia mountains, but others do not, or show annual variation in 

seasonal migrations that are presumably due to variation in snowpack and availability of 

terrestrial lichens (Chapter 8). Because of the lower snowpack on the eastern side of the 

Canadian Rockies, southern mountain woodland caribou in Jasper and Banff often forage on 

terrestrial lichens throughout the winter either through digging in snow in conifer stands, or 

selecting windswept alpine ridges at high elevations (Shepherd 2006, Whittingon et al. 2005). 

These strategies expose them to different predation risks from lower elevation predators such 

as wolves, that result in a slightly different seasonal pattern of predation risk concentrated in 

late winter and early spring, although similar to the Columbia mountains where mortality peaks 

in June (Wittmer et al. 2005a, Wittmer et al. 2005b). 

 

Anthropogenic alteration of the landscape can reduce the efficacy of this migration 

strategy by decreasing the availability of suitable habitat, and by increasing the numbers or 

efficiency of predators (Messier 1994). In the context of National Parks conservation, 

prescribed and natural fire can increase the availability of early seral habitat for primary prey 

such as moose and elk.  Previous studies of caribou resource selection within Jasper and Banff 

National Park showed that caribou avoided forest stands younger than 75 years age (Shepherd 

2006), confirming the potential conflict between caribou and prescribed fire management in 

National Parks. Understanding the possible negative effects fire could have on caribou 



 

 

67 Parks Canada Caribou Habitat Modeling Final Report 

populations in Banff and Jasper National Parks, Parks Canada developed operational guidelines 

in 2006 for fire management within the parks (Appendix A).  The goal of these guidelines was to 

maintain the benefits of fire while minimizing any negative effects on caribou.  The guidelines 

adopted a 6 km buffer around caribou range based on 95% home ranges calculated from data 

collected on radio collared caribou.  Montane areas and southwest aspects were considered for 

burning based on their selection by wolves, paucity of lichen abundance, and hence avoidance 

by caribou (Whittington et al. 2005a, Shepherd and Whittington 2006). While intuitive, these 

interim guidelines were the inspiration for a more quantitative assessment of caribou habitat 

requirements that is the overall goal for this report. Therefore, the goal of this chapter was to 

understand caribou resource selection with respect to burned habitats, distance to burn, stand 

age, elevation, human activity and other potential risk factors important to caribou recovery.  

 

 

 
Photo 5A. Caribou herd on Whistlers ridge during winter, JNP. Photo credit Mark Bradley. 

  



 

 

68 Parks Canada Caribou Habitat Modeling Final Report 

5.2 RESULTS 

5.2.1 Capture and Monitoring 

From 2001 to 2007, 40 female caribou from the 5 herds were captured and fit with GPS 

collars.  As with elk and wolf GPS data, all locations with an acquisition interval of less than 4 

hours were removed from the analysis.  From 1980 to 2007, 113 other caribou were fitted with 

VHF collars, these, as well as GPS location acquired after 2007, were reserved as an out of 

sample data set (Table 5.1). 

 
 

Table 5.1   Number of radiocollared caribou monitored in Banff and Jasper National Parks, and total 
number of locations used in model development and validation. 

Season Herd Model Training Model Validation 

 Animals Locations 
(mean, range) 

Animals Locations 
(mean, range) 

Summer A la Peche 10 8895  

( =889, 212 - 2031) 

72 924 

( =13, 1 - 192) 
 Banff 2 2125 

( =1062, 954 - 1171) 

2 31 

( =15, 12 - 19) 
 Brazeau 6 4521 

( =735, 154 - 1523) 

11 94 

( =8, 3 - 13) 
 Maligne 9 9329 

( =1036, 187 - 2417) 

10 94 

( =9, 1- 22) 
 Tonquin 8 4974 

( =621, 152 - 1590) 

17 204 

( =12, 1 - 18) 
 
Winter A la Peche 15 11868 

( =791, 341 - 1964) 

78 1193 

( =15, 1 - 245) 
 Banff 2 1957 

( =978, 880 - 1077) 

2 36 

( =18, 11 - 25) 
 Brazeau 6 5220 

( =870, 612 - 1244) 

12 185 

( =15, 3 - 27) 
 Maligne 9 9336 

( =1037, 374 - 2377) 

8 95 

( =11, 6 - 29) 
 Tonquin 8 5058 

( =632,  87 - 1553) 

17 299 

( =17, 3- 72) 
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5.2.2.  Summer Resource Selection 

In summer, caribou selected both low elevation and high elevation alpine herb and 

shrublands, although selection of high elevation herb/grasslands was stronger.  Intermediate 

levels of greenness or NDVI in open habitats, presumably related to maximum forage quality 

(see discussion) were also selected.  Caribou strongly avoided burned areas, even more strongly 

than the ice and rock landcover class (Table 5.2, Figure 5.1, and Figure 5.2).  Caribou selection 

as a function of distance to burned areas was best modeled as a quadratic with use maximized 

at a distance of approximately 18 km (Figure 5.3).  They selected moderate elevations with the 

highest probability of use at 1982 m.  Caribou avoided north, south, and east aspects, and they 

avoided areas with steeper slopes.    

 

Response to all human use variables were best modeled as quadratic functions, denoting 

caribou selection for distances intermediate to availability (Figure 5.4).  Primary and secondary 

roads were avoided to distances of 11 km and 46 km respectively (a function of few secondary 

roads being located inside the National Parks), while trails were avoided up to 555 m. 

 

Geographically, in Jasper, caribou resource selection revealed the highest probabilities of 

selection in upper subalpine and alpine areas in side and secondary valleys along the 

continential divide, Maligne range, North Boundary area, and Willmore wilderness, and Brazeau 

headwaters areas. In Banff National Park, areas of highest probability of selection were 

concentrated along the continenetal divide in the upper Bow valley, Pipestone river, upper Red 

Deer and Siffleur valleys, as well as other areas in the Bow river watershed. It is important to 

note that Figures 5.1 and 5.2 represent extrapolations of ‘potential’ habitat beyond the range 

of presently occupied caribou habitat, a point to which we return in section 7.  

 

In summer caribou showed almost a linear response to forest stand age, although 

information criterion showed that a quadratic function fit the data better (delta AIC of 600) 

(Table 5.3, Figure 5.5).  Our caribou age based RSF validated adequately with a ROC value of 

0.70, mean within sample k-fold rho of 0.92.  It is important to note (and we discuss below) that 

of all species, the age-based model for caribou performed the best, indicating caribou selection 

for older forest stand age was significant. However the out of sample model validation was 

poor (Spearman rank correlation rho = 0.29). 

 

Our top summer caribou model accounted for approximately 50% of variation in summer 

resource use.  The ROC value of 0.93 showed excellent discrimination of used/available 

locations.  K-fold cross validation revealed excellent predictive capacity, however the model 

only adequately predicted withheld or out of sample locations (Spearman rank correlation 

rho=0.67) and was not significant (Table 5.4). 



 

 

70 Parks Canada Caribou Habitat Modeling Final Report 

 

 

  

Table 5.2  Caribou summer resource selection function model showing variable, beta coefficient, 
standard error, z score and probability of Wald Chi2.  For categorical variables (see table 
2.2) those not in the model are included in the constant term.  For distance variables a 
positive coefficient shows avoidance (i.e. use increases with distance) while negative 
coefficients show selection (i.e. use decreases with distance).  Squared variables are 
quadratic terms. 

 Variable Coef. Std. Err. Z                    P > |z| 

LANDCOVER Burns -3.967 0.7119 -5.57            <0.0005 

 Closed Conifer -0.221 0.0303 -7.29            <0.0005 

 Ice and Rock -2.627 0.1004 -26.15           <0.0005 

 Low Barren -0.976 0.0553 -17.66           <0.0005 

 Low Herb 0.954 0.0458 20.81           <0.0005 

 Low Shrub 0.800 0.0393 20.33           <0.0005 

 Alpine Herb 1.743 0.0449 38.86           <0.0005 

 Alpine Shrub 1.486 0.0599 24.78           <0.0005 

 Mean NDVI 5.25E-04 2.21E-05 23.8             <0.0005 

 Mean NDVI2 -9.61E-08 3.98E-09 -24.15           <0.0005 

 Distance to Burn 2.1420E-04 5.24E-06 40.87           <0.0005 

 Distance to Burn2 -5.8400E-09 1.86E-10 -31.38           <0.0005 

     

TOPOGRAPHY Slope (%) -0.050 0.0007 -71.91           <0.0005 

 North Aspects -0.182 0.0282 -6.46             <0.0005 

 South Aspects -0.283 0.0279 -10.14           <0.0005 

 East Aspects -0.441 0.0278 -15.88           <0.0005 

 Elevation (m) 0.0103 0.0003 35.61            <0.0005 

 Elevation2 -2.59E-06 8.17E-08 -31.76           <0.0005 

     

HUMAN USE Dist. to Secondary Roads 1.83E-04 3.45E-06 53.32           <0.0005 

 Dist. to Secondary Roads2 -1.98E-09 7.17E-11 -27.58           <0.0005 

 Dist. to Primary Roads 1.31E-04 4.45E-06 29.55           <0.0005 

 Dist. to Primary Roads2 -5.97E-09 1.40E-10 -42.51           <0.0005 

 Distance to Trails 3.20E-05 1.44E-05 2.21              <0.0005 

 Distance to Trails2 -2.88E-08 1.74E-09 -16.57           <0.0005 
     
_constant (model intercept) -15.10 0.282 -53.28           <0.0005 
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Figure 5.1  Caribou summer resource selection function (RSF) for Jasper National Park.  Validation 
locations are reserved out of sample GPS and VHF telemetry locations (1980 to 2009). 
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Figure 5.2  Caribou summer resource selection function (RSF) for Banff National Park.  Validation 
locations are reserved out of sample GPS and VHF telemetry locations. 
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Figure 5.3  Caribou summer probability of use as a function of distance to burned area, Banff and Jasper 

National Parks. 

 
 

Figure 5.4.  Caribou summer probability of use as a function of distance to human use, Banff and Jasper 
National Parks.  Note the x axis of trail distance is scaled differently than road distance figures. 
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Table 5.3  Caribou  summer response to stand age modeled as both a generalized additive model 
(GAM) and generalized linear latent and mixed model (GLLAMM) for mapping purposes.  Gain 
represents the level of nonlinearity  in the GAM model. 

 Variable Coef. Std. Err. z p 

GAM Age 0.008688 0.00011 78.97 0 
 _constant -0.96792 0.010185 -95.039  
 Gain 1690.62   0 
      
GLLAMM Age 0.020826 0.00077 27.06 0 
 Age2 -0.000026 1.64E-06 -15.65 0 
 _constant -5.018284 0.266448 -18.83 0 

 

 

 

Figure 5.5  Caribou  summer response to stand age showing generalized additive model (GAM) and 
quadratic function used for mapping. 
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Table 5.4  Caribou summer goodness of fit and model validation statistics for both landcover based and 
stand age based resource selection functions (RSFs).  See section 2.2.3.2 Validation for an 

explanation of each parameter. 
Model Mean 

VIF1 
Pseudo 
R2 

Classification Table ROC Mean K-
fold (rho) 

Out of 
Sample 
(rho) 

   Sensitivity Specificity    

Caribou 
Summer 
RSF 

1.46 0.4959 80.39 88.67 0.9320 0.9933 0.6727 
P=0.0330 

Caribou 
Summer 
Age 

n/a 0.0754 38.93 81.9 0.7006 0.92 0.2936 
P=0.4103 

 

 

 

5.2.3  Winter Resource Selection 

In winter, caribou selected for conifer forests and alpine herb and shrublands, while 

avoiding both low elevation and alpine barren ground (Table 5.5, Figure 5.6 and Figure 5.7 ).  

Burned areas were completely avoided, precluding a burn coefficient in the model (perfect 

predictability) however burned areas are included in the model intercept.  Use based on 

distance to burned areas was best modeled as a quadratic function with use maximized at a 

distance of approximately 10 km (Figure 5.8).  Similarly, use as a function of distance to 

secondary roads was best modeled as a quadratic function with use maximized at a distance of 

35 km, distance to primary roads was non-significant in winter.  Use declined linearly with 

distance to human trails and cutlines (Figure 5.9). Geographically, during winter, caribou 

resource selection focused on subalpine areas in the main valleys and side valleys of Banff and 

Jasper National Park in a generally diffuse pattern with few areas of concentrated resource 

selection. In Jasper, areas of concentrated selection occurred in the North Boundary, Maligne 

ranges, Tonquin, and Brazeau headwaters. In Banff, selection focused on the main ranges in the 

upper Bow and Pipestone valleys. 

 

Interestingly, caribou were the only species for which a three-level (herd, animal) GLAMM 

model fit better during both winter and summer. Variance was greatest between herds, rather 

than individuals during winter (variance in resource selection at the herd level = 0.24 vs 0.12 at 

the individual) and summer (0.68 vs 0.40), and was three times greater during the summer 

between caribou herds (0.68 vs 0.24).  Following the methods of Skrondal and Rabe-Hesketh 
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(2004) and Hebblewhite and Merrill (2008), we partitioned the variance in resource selection 

from these three-level models into; 

 a) )(herd  the correlation between all caribou within herds (different herds k and k’),  

which can be thought of the consistency in resource selection between caribou herds 

b) ),( herdcaribou  the within caribou correlation for a specific herd (individual caribou j 

within herd k), which can be thought of how consistent each individual caribou’s resource 

selection is  

c) )|( caribouherd  the within caribou for a given herd correlation (the correlation between 

locations in the same herd for a given individual caribou), which can be thought of as a measure 

of how consistent resource selection is at the individual caribou level controlling for individual 

herds. See Hebblewhite & Merrill (2008) and Rabe-Hesketh et al. (2005) for more details. 

During winter, the correlation in resource selection within caribou within any herd was 

greater ( ),( herdcaribou = 0.259) than within caribou in a particular herd ( )|( caribouherd  = 

0.18) or across any herd ( )(herd  = 0.16). This suggests that during winter, most of the 

variation in resource selection was occurring due to individual caribou behaving similarly within 

herds.  In contrast, caribou resource selection was much more correlated during summer across 

the board. During summer, the correlation in resource selection within caribou within any herd 

was greater ( ),( herdcaribou = 0.508) than within caribou in a particular herd (

)|( caribouherd  = 0.39) or across any herd ( )(herd  = 0.31). Our interpretation is that similar 

to the winter, during summer, most of the variation in caribou resource selection was occurring 

at the herd-level, and that there was substantial variation between caribou herds, especially in 

summer, in resource selection. Regardless of this variation, because our objective was to 

understand population-averaged, or marginal, patterns of resource selection across the entire 

study area, we did not consider conditional or herd-specific resource selection.  

 

Probability of selection by caribou for forested areas in winter increased almost linearly 

before reaching an asymptote at approximately 250 years of age (Table 5.6 and Figure 5.10).  

The high gain function of the generalized additive model (GAM) shows a high level of 

nonlinearity in the response variable.  The winter stand age based RSF validated better than any 

other species in this report, confirming the high predictability of the winter caribou RSF model.  

Validation statistics showed an acceptable ROC value of 0.72, and excellent within sample k-

fold cross-validation (Table 5.7).  Out of sample validation Spearman rank correlation was low 

(rho=0.58) however it was significant at a 7% probability. In comparison to the stand age 

model, our top winter landcover based model validated very well showing high ROC values, and 

outstanding within sample k-fold and out of sample Spearman rank correlation rho values 

(Table 5.7). 
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Table 5.5  Caribou winter resource selection function model showing variable, beta coefficient, standard 
error, z score and probability of Wald Chi2.  For categorical variables (see table 2.2) those not in 
the model are included in the constant term.  For distance variables a positive coefficient shows 
avoidance (i.e. use increases with distance) while negative coefficients show selection (i.e. use 
decreases with distance).  Squared variables are quadratic terms. 

 Variable Coef. Std. Err. Z P > |z| 

LANDCOVER      

 Closed conifer 0.338 0.0247 13.66 <0.0001 

 Open conifer 0.892 0.0316 28.22 <0.0001 

 Alpine barren -0.566 0.0412 -13.74 <0.0001 

 Alpine herb 1.016 0.0490 20.72 <0.0001 

 Alpine shrubs 1.144 0.0638 17.92 <0.0001 

 Low barren -1.064 0.0503 -21.15 <0.0001 

 Rock & ice -4.123 0.2045 -20.16 <0.0001 

 Distance to hard edge 0.0024 9.84E-05 24.01 <0.0001 

 Distance to hard edge2 -0.0000024 1.10E-07 -21.95 <0.0001 

 Distance to burn 0.00025 5.44E-06 46.34 <0.0001 

 Distance to burn2 -0.000000013 2.64E-10 -48.31 <0.0001 

TOPOGRAPHY      

 Elevation 0.010 0.00018 56.61 <0.0001 

 Elevation2 -0.000003 5.02E-08 -47.8 <0.0001 

 Slope (%) -0.039 0.0006 -66.41 <0.0001 

 East Aspects -0.467 0.0206 -22.7 <0.0001 

 South Aspects -0.316 0.0223 -14.19 <0.0001 

 Flat Aspects 0.194 0.0398 4.88 <0.0001 

HUMAN USE      

 Distance to secondary roads 0.0002 2.76E-06 77.92 <0.0001 

 Distance to secondary roads2 -0.000000003 5.90E-11 -50.82 <0.0001 

 Distance to trails -0.0001 3.53E-06 -29.52 <0.0001 

_constant (model intercept) -12.69 0.155 -81.7 <0.0001 
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Figure 5.6  Caribou winter resource selection function( RSF) for Banff National Park.  Validation locations 
are out of sample GPS and VHF telemetry locations. 
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Figure 5.7 Caribou winter resource selection function (RSF) for Jasper National Park.  Validation 
locations are out of sample GPS and VHF telemetry locations. 
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Figure 5.8  Caribou winter probability of use as a function of distance to burned areas, Banff and Jasper 
National Parks. 

 

 
 

 

 

Figure 5.9  Caribou winter probability of use as a function of distance to trails and distance to secondary 
roads.  Note the x axis differ between the two graphs. 
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Table 5.6  Caribou  winter response to stand age modeled as both a generalized additive model (GAM) 
and generalized linear latent and mixed model (GLLAMM) for mapping purposes.  Gain 
represents the level of nonlinearity  in the GAM model. 

 Variable Coef. Std. Err. z p 

GAM Age 0.008688 0.00011 78.97 <0.0005 
 _constant -0.96792 0.010185 -95.039  
 Gain 1690.62   <0.00050 
      
GLLAMM Age 0.0260808 0.000481 54.22 <0.0005 
 Age2 -0.0000398 1.06E-06 -37.53 <0.0005 
 _constant -3.803659 0.046814 -81.25 <0.0005 

 

 

 

Figure 5.10  Caribou winter response to stand age showing generalized additive model (GAM) and 
quadratic function used for mapping. 
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Table 5.7  Caribou Winter goodness of fit and model validation statistics for both landcover based and 
stand age based resource selection functions (RSFs).  See section 2.2.3.2 Validation for an 
explanation of each parameter. 

Model Mean 
VIF1 

Pseudo 
R2 

Classification Table ROC Mean K-
fold (rho) 

Out of 
Sample 
(rho) 

   Sensitivity Specificity    

Caribou  
Winter 
RSF 

1.55 0.3553 74.75 84.54 0.8833 0.9958 0.9848 
P<0.0001 

Caribou  
Winter 
Age 

n/a 0.1249 69.46 65.64 0.7201 0.84 0.5829 
P=0.077 

 

 

5.3 DISCUSSION 

 
Caribou in the National Parks showed an extremely high level of avoidance of burns.  Of 

approximately 60,000 GPS locations from 40 caribou over 6 years, only 2 locations were found 

inside an area that had burned since 1950.  Both locations were from a single animal (A La 

Peche female #6112) during the summer of 2003.  No winter locations were found inside 

burned areas.  This strong avoidance is consistent with results from previous studies across 

North America showing strong avoidance of burns by caribou. Previous analyses in Jasper and 

Banff National Park showed that caribou avoided forest stands <75 years old, and this was 

associated with loss of preferred terrestrial and arboreal lichen cover in these younger forest 

stands (Shepherd 2006, Shepherd et al. 2007). In Alaska, the Northern mountain ecotype of 

woodland caribou also showed very strong avoidance of burned areas within the Nelchina 

caribou herd range in east-central Alaska. Burns occupied a greater proportion of the landscape 

there than in Jasper National Park, with burned stands representing almost 40% of the 

landscape – much greater than the 5-10% of the landscape occupied by burns in the Canadian 

Rockies. However, even with this greater degree of burned habitats available to them, Nelchina 

caribou still showed extremely strong avoidance of all forest stands < 50 years old, and when 

using burns, selected to be within 500m of the burn edge (Joly et al. 2003). Building on this 

strong avoidance of burns, Rupp et al. (2006) used landscape-scale fire and climate simulations 

to show that increased fire frequency had dramatic negative effects on the availability of winter 

caribou habitat in east-central Alaska. Courtois et al. (2007) similarly showed strong avoidance 

of burned/logged areas in central Quebec by woodland caribou, and concluded that caribou 

needed large unburned/logged patched of older forest stand ages. However, few of these 
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studies, including ours, were able to take advantage of pre-and post- comparisons of caribou 

using areas before and after burns. 

 

A series of studies in Northern Alberta did exactly this by examining whether caribou 

avoided burns by comparing resource selection for the same caribou before and after large 

prescribed fires burned 13-26% of three caribou herds in 1995 and 1998 (Dalerum et al. 2007).  

Contrary to expectations, individual caribou did not shift home ranges following a burn, even 

when up to 75% of their home range burned, indicating a high level of home range fidelity at 

least over a short time period (2 years) post-burn. Despite not shifting their home ranges, 

caribou still showed avoidance of burns and stands <50 years old, and preferred areas >50 

years old, suggesting that at least over this short-term window, individual caribou adjusted 

resource selection at the 3rd order scale following a burn (Dalerum et al. 2007).  Detailed 

vegetation studies in similar areas by Dunford et al. (2006) showed that terrestrial lichen 

abundance was strongly positively correlated with stand age, suggesting similar mechanisms 

driving avoidance of burns as Shepherd et al. (2006) found in Jasper.  Dalerum et al. (2006) 

failed to demonstrate any short-term effect on survival or reproduction. However, this may be 

because of the short time period (average of 6 years, 3 pre- and 3-post) or small sample size in 

each individual burn (average of ~ 30 individual caribou). A longer-term (1991-2002) and larger-

sample size (n=141) study of mortality showed that caribou mortality increased in areas of 

overlap with primary prey such as moose (Mcloughlin et al. 2005).  Finally, as further evidence 

of the negative effects of fire on caribou was the National meta-analysis (Figure 1.4 in section 

1.3) from the Boreal caribou critical habitat report (Environment Canada 2009). Across 24 

caribou populations in the boreal forest, the % of a caribou range burned by fire had a negative 

effect on caribou recruitment rate (calves:100 cows),  controlled for the effect of human 

disturbance.  

 

These observations of caribou responses to burns in Northern Alberta may explain the 

apparent paradox between our strong avoidance of burns by radiocollared female caribou in 

Banff and Jasper National Park and anecdotal observations of caribou using burns. While 

caribou may continue to use burns if burns overlap existing home ranges because of high site 

fidelity, over time, our results (see overlap chapter) show a similar story to McLoughlin et al. 

(2005) that the increasing overlap predicted between caribou and primary prey and predators 

like wolves will increase their mortality, ultimately leading to population declines. Thus, the 

high fidelity shown by individual caribou following fire in Northern Alberta may, over the long-

term, result in increased mortality and declines of caribou that do not shift home ranges. 

 

Confirming the strong relationship between stand age and caribou resource selection, of all 

4 species studied, only the caribou winter response to stand age had any predictive ability 
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and/or validated against out-of-sample telemetry locations.  Shepherd et al. (2007) concluded 

that caribou showed a preference in winter of forests 226-300 and 75-150 years of age and 

avoided stands less than 75 yrs.  Our findings would support their conclusion although by 

modeling age as a continuous variable we did not find the avoidance of older stands (151-225 

yrs and 301-375 yrs) that they report. Instead, in the best fitting GAM model, caribou selection 

for stand age increased non-linearly with increasing stand age, indicating increasing selection 

for older forests. This difference could be because of the improved ability of GAM models to 

capture non-linear selection.  

 

Seasonal selection by caribou also confirmed that life-history trade-offs differed for 

southern mountain caribou in the Canadian Rockies when compared to caribou in the interior 

wet-belt Columbia mountains. During winter, caribou in the Canadian Rockies showed strong 

selection for alpine ridges as shown by their selection for higher elevations and alpine meadow 

and shrub habitats. At the same time, caribou also selected open and closed conifers, indicating 

their split strategy of foraging on both terrestrial and arboreal lichens, probably as a function of 

snow availability.  This is in contrast to selection by Columbia mountain caribou who show 

consistent selection for arboreal lichen-bearing conifer stands during mid and late winter, and 

avoidance of alpine areas (Apps et al. 2000, Kinley et al. 2007), consistent with their obligate 

arboreal lichen diet.  This evidence of behavioral flexibility suggests the ecotype boundaries for 

caribou may not be clearcut, and that caribou feeding behavior is more a function of availability 

than clear behavioral differences. To test this hypothesis, comparison of landscape genetics of 

southern mountain caribou from across their range (i.e., Columbia mountains versus Rockies) is 

needed. During summer, caribou showed more consistent patterns of selection for alpine areas, 

and a higher correlation within and between herds in resource selection as revealed by mixed-

effects model variance analysis.  Consideration of the variation between caribou herds and 

individuals supports the interpretation that during winter, caribou herds were more different in 

terms of their resource selection than during summer, presumably because of herd-specific 

differences in snow accumulation that affected the availability of terrestrial lichen foraging 

opportunities.  These patterns provide some of the first quantitative evidence for definitively 

different resource selection strategies by Canadian Rockies caribou compared to other 

southern mountain woodland caribou. 

 

From a human activity perspective, we found that caribou avoided trails in summer to a 

distance of 555 m while in winter, caribou selected areas closer to trails with selection 

declining linearly with distance from trails.  This suggests some potential human activity effect 

because of the increased use of trails by humans during summer, and is consistent with recent 

3rd order, within home range analyses of caribou-human activity within Banff and Jasper 

(Whittington et al. 2005a). For example, Whittington et al. (2005a) showed strong avoidance of 
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human activity at the 3rd order scale within Jasper caribou herds, especially in summer and fall, 

and that this effect was strongest in alpine areas where humans were more visible by caribou. 

Therefore, there appears to be some consistency across spatial scales in the avoidance of 

human activity on trails in summer, but not winter. This does not mean that caribou do not 

avoid human activity during winter within their home ranges, as previous analyses by 

Whittington et al. (2006) showed. Instead, it reveals differences in 2nd order home range 

selection by caribou for areas to use during winter, and suggests that any avoidance of human 

activity during winter occurs within the constraints of their home ranges. However, it is also 

worth noting that because these models were fit using a random intercept mixed-model for 

both animal and herd levels, the coefficients are the mean population-averaged response to 

humans across all caribou herds.  When examined at the herd-specific level using conditional 

coefficients for herd-specific responses to human activity, we continued to find that in summer, 

all herds showed a similar quadratic response to trail distance.  In winter however, when 

modeled separately, the Tonquin herd was the only one of five caribou herds where trails 

were avoided at the home range scale (Table 5.8). Given the observations of increased 

mortality by caribou on the Tonquin ski/snowmobile trail into the center of the Tonquin caribou 

home range, this is consistent with a strong negative effect of human activity for this individual 

caribou herd.  Furthermore, caribou avoidance of human use such as trails was stronger in 

Jasper at the 3rd order, within home range, scale as shown by Whittington et al. (2005a). These 

results confirm the important effect of human activity on both 2nd and 3rd order resource 

selection by caribou, and are consistent with the indirect effects of human activity reducing 

effective caribou habitat in the Canadian Rockies. 

 

 

Table 5.8. Herd-specific resource selection coefficients for response to human trails during winter. Only 
the Tonquin caribou herd (bolded) showed strong avoidance of areas close to human trails 

during winter.   
 

Herd Var Coef. Std. Err. z p 

Tonquin trl_dst 0.000178 7.60E-06 23.4 <0.0005 

A La Peche trl_dst -0.0002 7.71E-06 -26.38 <0.0005 

Brazeau trl_dst -0.00029 2.03E-05 -14.33 <0.0005 

Maligne trl_dst -0.00052 2.99E-05 -17.38 <0.0005 

Banff trl_dst -0.00033 5.22E-05 -6.27 <0.0005 
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SECTION 6.0 WOLF RESOURCE SELECTION  

6.1  INTRODUCTION 

Wolf predation on woodland caribou is considered to be amongst the leading proximate 

causes for population declines, and is hypothesized to be driven by the ultimate cause of 

human-induced landscape change in the forms of forestry and increased linear features that 

promote disruption of normal predator-prey dynamics. Within the Canadian Rockies, wolves do 

appear to be the primary proximate limiting factor for woodland caribou. Cause-specific 

mortality rates for caribou in Banff and Jasper (reported in Section 7) confirm that wolves are 

the leading cause of mortality (see Table 7.1 in Section 7).  Wolf-caused mortality peaks during 

late winter, during snow crusting events in the Canadian Rockies (see photo 6A), and then again 

during early spring (see Figure 7.3 in Section 7).  Furthermore, population models show that low 

levels of wolf-kill rates can cause depensatory predation rates once population sizes decline to 

some critical threshold in Banff and Jasper (Hebblewhite et al. 2007), similar to recent results 

from BC (Wittmer et al 2006). From the perspective of the National Parks, where human 

disturbance to habitat is limited except through fire, and high human recreation pressure, 

understanding the spatial relationships between wolves and their ungulate prey is important 

for identifying strategies to recover caribou. Therefore, our first objective was to understand 

the spatial pattern of wolf resource selection relative to caribou resource selection.  An 

understanding of habitat factors driving resource selection by wolves would provide some 

insights into mechanisms driving overlap with caribou similar to previous studies of wolf-

caribou dynamics (Neufeld 2006, Stotyn 2008).  

  

 

 

Photo 6A. Brazeau pack wolves 

on a caribou kill during late 

April. Wolves were travelling on 

top of a strong snow crust, and 

the photo shows their tracks 

staying on top while the tracks 

of the caribou were sinking 

through the crust. Photo credit 

Mark Bradley. 

 

 



 

 

87 Parks Canada Caribou Habitat Modeling Final Report 

There have been many previous studies of wolf resource selection within the Canadian 

Rockies and elsewhere throughout western North America (Duke 2001, Callaghan 2002, 

Hebblewhite et al. 2005a, Whittington et al. 2005c, Hebblewhite and Merrill 2008). However, 

most previous studies do not explicitly consider ungulates as habitat covariates themselves; 

instead, they adopt a more environmental correlate based approach to identifying wolf habitat. 

For example, most previous studies used landcover categories, topographic and human factors 

similar to the development of our moose, elk and caribou habitat models. These previous 

studies tend to show that wolf ‘habitat’ is a combination of selection for vegetation 

communities thought to be important to their ungulate prey such as open meadows, high 

primary productivity, burns, avoidance of high elevation and complex topography, and complex 

relationships with human activity (Duke 2001, Callaghan 2002, Whittington et al. 2004, 

Hebblewhite and Merrill 2008).  Burns were important to wolves, for example, in Banff National 

Park where they were amongst the strongest selected landcover type (even more than 

cutblocks adjacent to Banff) by 5 of the wolf packs that were also used in this study 

(Hebblewhite and Merrill 2008).   

 

At the 2nd order scale, Hebblewhite & Merrill (2008) showed that wolves avoided areas of 

high human activity as the amount of human activity increased in their home range.  This 

avoidance manifested strongly during daylight hours, but wolves moved in closer to human 

activity during nighttime. At the 3rd order scale, previous studies (Duke 2001, Callaghan 2002, 

Whittington et al. 2005a) showed that wolves tended to select for human roads and trails 

especially during winter because of snow removal and snow compaction by snowmobiles and 

skiers. As human activity increases, wolves avoid human trails and roads during the day, similar 

to 2nd order scale selection, and avoid altogether areas of the highest human use surrounding 

the townsites of Banff and Jasper, for example. These studies set the stage for our present 

understanding that wolf selection for travel routes on human modified trails and roads can 

dramatically alter predator-prey dynamics in a similar magnitude to areas outside National 

Parks (James et al. 2004b, Hebblewhite et al. 2005a, Neufeld 2006). Understanding wolf 

responses to human activity across the entire Canadian Rockies would help understanding of 

the relationships between wolves, caribou and humans.  

 

Recent reviews on carnivore habitat selection remind us that habitat for carnivores like 

wolves are really their prey species such as elk, moose and caribou (Mitchell and Hebblewhite 

2010). Therefore, we wanted to explicitly test the aggregative response hypothesis for 

increased wolf overlap with caribou. We tested whether wolves actively spatially selected for 

caribou, or did selection for other prey species (such as elk) ‘lure’ wolves into caribou habitat 

where they encountered caribou in proportion to availability? (Huggard 1993, Hebblewhite et 

al. 2005a).  Furthermore, we hypothesized that wolf response may differ between migratory 



 

 

88 Parks Canada Caribou Habitat Modeling Final Report 

and nonmigratory elk.  If the aggregative response hypothesis was true, it would be important 

to differentiate between migratory elk which may overlap with caribou and nonmigratory 

which are more likely to support the numeric response. Besides simply predictive RSF models 

we were also interested how well wolf spatial use could be predicted by ungulate resource use 

alone, and which ungulates best predicted wolf use.   

 

Our objectives in this chapter were to first develop landcover-based RSF models for 

seasonal wolf selection across the Canadian Rockies to understand spatial drivers of wolf 

resource selection. Next, we tested wolf spatial selection of the different ungulate species by 

developing ungulate-based RSF models using the previously developed RSF models for caribou, 

elk (migratory and non-migratory) and moose developed in chapters 3, 4, and 5. Finally, we 

compared our landcover-based RSF model against the best ungulate + human covariate RSF 

model to understand the relative importance of ungulate versus habitat related features in 

driving wolf resource selection. 

 

 
Photo 6B. Signal pack wolf, Jasper, winter 2008. Photo credit: Saakje Hazenberg.  
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6.2 RESULTS 

6.2.1 Capture and Monitoring 

From 2002 to 2009, 43 wolves from 12 packs in Banff and Jasper National Parks were 

captured and fit with GPS and VHF collars. This represents the most comprehensive and large-

scale wolf habitat model developed to date in the Canadian Rockies.  All GPS locations from 

2002 to 2007 were standardized to a 4 hour acquisition intervals similar to other species, and 

used in model training.  GPS locations from 2008 and 2009 were standardized to a single 

location per day combined with all VHF collar locations, and used for model validation (Table 

6.1 and Table 6.2). 

 

 

Table 6.1  Number of animals from each wolf pack monitored during summer in Banff and Jasper 
National Parks, and total number of locations used in summer model development and 
validation 2002 - 2009. 

Park Pack Model Training Model Validation 
 Animals Locations 

(mean, range) 
Animals Locations 

(mean, range) 

BANFF Bow Valley 1 932 

( = 932, N/A) 

0 N/A 

 Ranch 3 1859 

( = 619, 561 - 675) 

0 N/A 

 Cascade 2 1218 

( = 609, 164 - 1054) 

0 N/A 

 Red Deer 4 2037 

( = 509, 193 - 775) 

0 N/A 

 Wildhorse 1 770 

( = 770, N/A) 

0 N/A 

      
JASPER Medicine 4 767 

( = 191, 26 - 464) 

3 60 

( = 20, 2 - 32) 
 Berland 1 625 

( = 625, N/A) 

0 N/A 

 Brazeau 4 657 

( = 164, 8 - 604) 

1 1 

( = 1, N/A) 
 Maligne 1 319 

( = 319, N/A) 

2 3 

( = 1.5, 1 - 3) 
 Signal 4 760 

( = 190, 3 - 328) 

5 212 

( = 42, 1 - 118) 
 Sunwapta 2 1037 

( = 518, 439 - 598) 

4 316 

( = 79, 2 - 158) 
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Table 6.2  Number of animals from each wolf pack monitored during winter in Banff and Jasper National 
Parks, and total number of locations used in winter model development and validation 2002 – 
2009. 

Park Pack Model Training Model Validation 

 Animals Locations 
(mean, range) 

Animals Locations 
(mean, range) 

BANFF Bow Valley 1 39 

( = 39, N/A) 

0 N/A 

 Ranch 3 1472 

( = 490, 253 - 813) 

0 N/A 

 Cascade 4 1261 

( = 315, 31 - 961) 

0 N/A 

 Red Deer 4 1734 

( = 433, 217 - 743) 

0 N/A 

 Wildhorse 3 1067 

( =355, 103 - 544) 

0 N/A 

      
JASPER Medicine 4 1859 

( = 464, 110 - 734) 

4 33 

( = 8, 4 - 15) 
 Berland 1 361 

( = 361, N/A) 

0 N/A 

 Brazeau 4 2616 

( = 654, 314 - 933) 

2 71 

( = 35, 3 - 68) 
 Maligne 1 602 

( = 602, N/A) 

3 14 

( = 4, 2 - 7) 
 Rocky 1 132 

( = 132, N/A) 

1 2 

( = 2, N/A) 
 Signal 6 1879 

( = 313, 6 - 595) 

7 251 

( = 35, 1 - 107) 
 Sunwapta 2 1384 

( = 692, 489 - 895) 

6 361 

( = 60, 4 - 186) 

 

6.2.2  Summer Resource Selection 

6.2.2.1 Summer Landcover-based RSF 

In summer, wolf resource use mimicked that of their prey, showing selection for herb and 

shrublands at both high and low elevations (Table 6.3, Figure 6.1 and Figure 6.2).  Burned areas 

were strongly selected, and use declined with distance to burned areas (Table 6.3 and Figure 

6.3).  Deciduous forests and alpine barren ground were avoided.  Use decreased with distance 

to stream banks.  Wolves avoided secondary roads, while use declined with distance from 

primary roads and trails showing selection for areas with human activity at this second order 

scale (Figure 6.3,4). Geographically, wolf resource selection appeared to be a generalized 
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function of low elevation valley bottoms throughout Banff and Jasper that concentrated in the 

main river valleys of the Athabasca, Snake Indian, Bow and Red Deer river valleys.  

    

Table 6.3  Wolf summer resource selection function model showing variable, beta coefficient, standard 
error, z score and probability of Wald Chi2.  For categorical variables (see table 2.2) those not 
in the model are included in the constant term.  For distance variables a positive coefficient 
shows avoidance (i.e. use increases with distance) while negative coefficients show selection 
(i.e. use decreases with distance).  Squared variables are quadratic terms. 

 Variable Coef. Std. Err. z p 

LANDCOVER Burn 1.177 0.0656 17.92 <0.0005 
 Deciduous Forest -0.527 0.2151 -2.45 0.014 
 Low Herb 0.547 0.0671 8.16 <0.0005 
 Low Shrub 0.605 0.0504 11.99 <0.0005 
 Open Conifer 0.966 0.0429 22.51 <0.0005 
 Alpine Barren -0.444 0.0939 -4.72 <0.0005 
 Alpine Herb 1.239 0.1007 12.3 <0.0005 
 Alpine Shrub 1.234 0.1368 9.02 <0.0005 
 Distance to Burn -0.00012 3.16E-06 -39.37 <0.0005 
 Distance to Bank -0.00063 3.72E-05 -17.03 <0.0005 
      
TOPOGRAPHY Elevation 0.0134 0.0004 31.53 <0.0005 
 Elevation2 -0.000003 1.20E-07 -26.43 <0.0005 
 Slope -0.051 0.0011 -45.51 <0.0005 
 East Aspects 0.338 0.0400 8.43 <0.0005 
 South Aspects 0.463 0.0417 11.12 <0.0005 
 West Aspects 0.188 0.0434 4.34 <0.0005 
      
HUMAN USE Distance to Primary 

Road -0.00007 2.38E-06 -28.38 <0.0005 
 Distance to Secondary 

Road 0.00006 1.28E-06 47.4 <0.0005 
 Distance to Trail -0.0003 1.02E-05 -29.16 <0.0005 
_constant (Model intercept) -12.49 0.374 -33.34 <0.0005 
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Figure 6.1  Wolf summer resource selection function (RSF) for Banff National Park.  Validation locations 
are out of sample GPS and VHF telemetry locations from packs situated in Jasper National Park 
(see Figure 6.2). 
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Figure 6.2  Wolf summer resource selection function (RSF) for Jasper National Park.  Validation locations 
are out of sample GPS and VHF telemetry locations 2002 – 2009. 
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Figure 6.3 Probability of summer wolf use as a function of distance to nearest burned area, Banff and 
Jasper National Parks. 

 
 

Figure 6.4  Probability of summer wolf use as a function of distance to human use variables, Banff and 
Jasper National Parks.  Note the scale of the x axis varies with each graph. 
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In summer, wolf use was highest in young age forests and relatively constant after 

approximately 225 years (Table 6.4).  Our quadratic approximation of wolf response to stand 

age over-predicts use in older forests when compared to the generalized additive model (Figure 

6.5). However, similar to the elk and moose models, wolf resource selection was extremely 

poorly predicted by stand age, with only 1% of the variance explained, and very low cross-

validation scores (Table 6.5). Therefore, any relationships between stand age and wolf resource 

selection were weak drivers of wolf resource selection. 

 

 

Table 6.4  Wolf summer response to stand age modeled as both a generalized additive 
model (GAM) and generalized linear latent and mixed model (GLLAMM) for mapping 
purposes.  Gain represents the level of nonlinearity  in the GAM model. 

 Variable Coef. Std. Err. z p 
GAM Age -0.00088 0.000174 -5.037 <0.0005 
 _constant -0.63928 0.014767 -43.292  
 Gain 593.637   <0.0005 
      
GLLAMM Age -0.00786 0.000527 -14.91 <0.0005 
 Age2 1.98E-05 1.35E-06 14.63 <0.0005 
 _constant -0.11502 0.056344 -2.04 0.041 

 

 

Figure 6.5  Wolf summer response to stand age showing generalized additive model (GAM) and 
quadratic function used for mapping. 
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Our top summer landcover based model validated well.  The ROC value of just below 0.90 

shows excellent discrimination.  Both within sample k-fold cross-validation, and validation using 

reserved out of sample data set showed high predictive ability, Spearman correlation 

coefficients rho=0.99 and 0.98 respectively (Table 6.5).   Our forest age based RSF performed 

poorly, showing little ability to discriminate between used and available points with a ROC 

value of 0.5113, and very poor Spearman rank correlation (Table 6.5). 

 

  

Table 6.5  Wolf Summer  goodness of fit and model validation statistics for both landcover based and 
stand age based resource selection functions (RSFs).  See section 2.2.3.2 Validation for an 
explanation of each parameter. 

Model Mean 
VIF1 

Pseudo 
R2 

Classification Table ROC Mean K-
fold (rho) 

Out of 
Sample 
(rho) 

   Sensitivity Specificity    

Wolf 
Summer 
RSF 

1.35 0.3916 75.50 84.95 0.8982 0.9933 0.9848 
P<0.0001 

Wolf  
Summer 
Age Quad 

n/a 0.01 46.34 50.69 0.5113 0.24 0.2310 
P=0.5208 

 

6.2.2.2  Wolf summer ungulate RSF 

In summer, wolf resource selection responded most strongly to high quality elk habitat as 

predicted from our previously developed elk RSF model (Table 6.6, Figure 6.6).  When wolf use 

was modeled on elk alone, the response to migratory elk was almost twice that of 

nonmigratory elk (Table 6.7).  However, when the differing response of wolves to human use, 

as compared to the 3 ungulate species is standardized for by including human use variables in 

the model, nonmigratory elk were the strongest predictor followed by migratory elk, moose 

and finally caribou (Table 6.8, Figure 6.6).  Our top landcover based RSF (Table 6.3) predicted 

wolf spatial use only slightly better than our ungulate and human use based wolf RSF (Table 

6.9). 
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Table 6.6   Wolf summer response to ungulate RSFs.   

 Variable Coef. Std. Err. z p 

 Moose RSF 1.200 0.0591 20.29 <0.005 
 Caribou RSF 1.701 0.0593 28.66 <0.005 
 Combined Elk RSF 4.818 0.0644 74.71 <0.005 
 _cons -3.018 0.0822 -36.7 <0.005 
      

 

 

Figure 6.6. Relative probability of resource selection by wolves from the top combined ungulate and 
human wolf RSF model for the 4 prey species RSF models in the Canadian Rockies during 
summer months. Wolves showed the strongest selection for nonmigratory elk, followed by 
moose, migratory elk and finally caribou during summer. Relative probabilities were predictions 
from the top ungulate + human use RSF in Table 6.8. 

 
 

 

 

Table 6.7  Wolf Summer Response to elk RSFs. 

 Variable Coef. Std. Err. z p 

 Nonmigratory Elk 2.078 0.065158 31.89 <0.005 
 Migratory Elk 4.056 0.060107 67.48 <0.005 
 _constant -2.728 0.081168 -33.61 <0.005 
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Table 6.8  Wolf summer response to ungulate RSFs and human use variables. 

 Variable Coef. Std. Err. z p 

UNGULATE 
RSFs 

Moose RSF 1.66759 0.066656 25.02 <0.005 
Nonmigratory  Elk 2.563534 0.079283 32.33 <0.005 

 Migratory Elk 1.492487 0.088013 16.96 <0.005 
 Caribou RSF 0.821681 0.074726 11 <0.005 
      
HUMAN 
USE 

Distance to Town -5.59E-06 6.09E-07 -9.18 <0.005 
Distance to Secondary 
Roads 4.47E-05 1.60E-06 28 <0.005 

 Distance to Primary 
Roads -5E-05 2.38E-06 -20.96 <0.005 

 Distance to Trails -0.00019 9.20E-06 -20.15 <0.005 
 _constant -2.25318 0.100325 -22.46 <0.005 

 

 

Table 6.9 Comparison of landcover and ungulate based models.  All are modeled as 2-level glamms (see 
specified table for model details and variable coefficients) 

Model Observations Log 
likelihood 

Pseudo 
R2 

 df AIC ΔAIC BIC 

1. Landcover 
(see table 6.3) 

43910 -14840.1 0.3916 21 29722.3 
0 

29904.8 

2. Ungulate + Human  
       (see table 6.8) 

43924 -15062.1 0.3785 10 30144.1 
421.9 

30231.0 

3. All Ungulates Only  
(see table 6.6) 

43924 -16236.16 0.3317 5 32482.3 
2760.0 

32525.8 

4. Migratory and 
Nonmigratory Elk 
Only  
(see table 6.7) 

43924 -16959.49 0.3009 4 33926.9 
4204.7 

33961.7 

 

 

6.2.3  Wolf Winter Resource Selection 

6.2.3.1 Winter Landcover RSF 

In winter wolves preferred open conifer forests, as well as low herb and shrublands (Table 

6.10, Figure 6.6, and Figure 6.7).  Burned areas were also relatively strongly selected for, and 

selection declined linearly with distance to burn indicating selection for areas close to burns 

(Table 6.10 and Figure 6.8).  Over and above their avoidance of high elevations, wolves also 

strongly avoided alpine areas and rock and ice during winter.  Selection also declined with 

distance to stream banks, and open canopy forest stands.  In winter, wolves selected for low 

intermediate elevations (probability of use was highest at 1817m), eastern and southern 
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aspects.  Wolves avoided secondary roads while selecting areas near trails, and primary roads 

similar to summer (Table 6.10 and Figure 6.9). Geographically, wolf resource selection was a 

generalized function of low elevation valleys concentrated in the main Bow, Red Deer, 

Athabasca and Snake Indian during the winter months more so than during summer. 

 

 

 

Table 6.10   Wolf winter resource selection function (RSF) model showing variable, beta coefficient, 
standard error, z score and probability of Wald Chi2.  For categorical variables (see table 2.2) 
those not in the model are included in the constant term.  For distance variables a positive 
coefficient shows avoidance (i.e. use increases with distance) while negative coefficients show 
selection (i.e. use decreases with distance).  Squared variables are quadratic terms. 

 Variable Coef. Std. Err. z p 
LANDCOVER Burn 0.543 0.0559 9.69 <0.0005 
 Ice and Rock -2.171 0.2749 -7.89 <0.0005 
 Open Conifer 0.748 0.0376 19.86 <0.0005 
 Alpine Barren -0.671 0.1073 -6.25 <0.0005 
 Low Shrub 0.421 0.0423 9.94 <0.0005 
 Low Herb 0.544 0.053 10.26 <0.0005 
 Distance to Burn -0.00014 2.94E-06 -48.86 <0.0005 
 Distance to Stream Bank -0.0007 3.45E-05 -20.2 <0.0005 
 Distance to Open 

Canopy -0.0013 6.25E-05 -20.66 <0.0005 
      
TOPOGRAPHY Elevation 0.015 0.0005 32.12 <0.0005 
 Elevation2 -4.00E-06 1.35E-07 -29.54 <0.0005 
 Slope -0.038 0.0009 -41.86 <0.0005 
 East Aspects 0.189 0.0303 6.23 <0.0005 
 South Aspects 0.240 0.0318 7.56 <0.0005 
      
HUMAN USE Distance to Secondary 

Road 6.03E-05 1.15E-06 52.35 <0.0005 
 Distance to Trail -0.00024 8.19E-06 -29.14 <0.0005 
 Distance to Primary 

Road -5.6E-05 2.04E-06 -27.14 <0.0005 
     <0.0005 
 _constant -11.72 0.369 -31.74 <0.0005 
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Figure 6.7.  Winter landcover based resource selection function (RSF) for wolves in Jasper National Park.  
Validation locations are reserved out of sample GPS and VHF telemetry locations 2002-2009. 
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Figure 6.8.  Winter resource selection function (RSF) for wolves in Banff National Park.  Validation 
locations are reserved out of sample GPS and VHF telemetry locations 2002 to 2009. 
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Figure 6.9 Probability of winter wolf use as a function of distance to nearest burn, Banff and Jasper 
National Parks. 

 
 
 
Figure 6.10 Probability of winter wolf use as a function of distance to nearest human use variable, Banff 

and Jasper National Parks.  Note the scale of the x axis varies with each graph. 
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In winter, wolf use was a somewhat complex curve showing relatively high probability of 
use of young stands, and forests of approximately 250 years of age (Table 6.11).  Our quadratic 
approximation of wolf response to stand age under-predicts use in older forests when 
compared to the generalized additive model (Figure 6.10) 

 
 
 

Table 6.11  Wolf winter response to stand age modeled as both a generalized additive model 
(GAM) and generalized linear latent and mixed model (GLLAMM) for mapping 
purposes.  Gain represents the level of nonlinearity  in the GAM model. 

 Variable Coef. Std. Err. z p 

GAM Age 0.000778 0.00016 4.865 <0.0005 
 _constant -0.70193 0.013118 -53.509 <0.0005 
 Gain 631.335    
      
GLLAMM Age -0.00171 0.000489 -3.51 <0.0005 
 Age2 7.19E-06 1.26E-06 5.71 <0.0005 
 _constant -0.63128 0.051479 -12.26 0 

 

 

Figure 6.11  Wolf winter response to stand age showing generalized additive model (GAM) and 
quadratic function used for mapping. 
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Our top winter landcover based model showed similar ability to discriminate between used 

and available locations as our summer model, and validated well.  The ROC value of just below 

0.90 shows excellent discrimination.  Both within sample k-fold cross-validation, and validation 

using reserved out of sample data set showed high predictive ability, Spearman correlation 

coefficients rho=0.99 and 0.98 respectively (Table 6.12).   Our stand-age based RSF performed 

poorly, showing little ability to discriminate between used and available locations with a ROC 

value of 0.5113, and very poor Spearman rank correlation (Table 6.12). 

 

 

Table 6.12  Wolf winter goodness of fit and model validation statistics for both landcover based and 
stand age based resource selection functions (RSFs).  See section 2.2.3.2 Validation for an 
explanation of each parameter. 

Model Mean VIF R2 Classification Table ROC Mean K-
fold (rho) 

Out of 
Sample 
(rho) 

   Sensitivity Specificity    

Wolf  
Winter 
RSF 

1.43 0.380 78.22 84.22 0.8929 0.9969 0.985 
P<0.0001 

Wolf  
Winter 
Age 

n/a 0.002 33.64 78.81 0.5184 0.2632 0.304 
P=0.3932 

 

 

6.2.3.2 Winter Ungulate-based Wolf RSF 

 In winter, wolves responded most strongly to the availability of non-migratory and 

migratory elk, followed by moose and lastly by avoiding caribou habitat (see Figure 6.12).  

When wolf spatial use was modeled in response to the three ungulate species the selection 

coefficient for elk was more than twice that of moose and caribou (Table 6.13, Figure 6.12).  

Response to elk and moose remained strong when wolf response to human use variables were 

incorporated into the model thus taking into account wolves’ differing spatial use near human 

development, while response to caribou availability decreased (Table 6.14, Figure 6.12).  Similar 

to summer, in winter our ungulate and human use based model was substantially better from a 

model selection viewpoint, but was only slightly outperformed by our winter landcover based 

RSF in terms of model goodness of fit and predictive capacity (Table 6.14). 
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Table 6.13  Wolf winter response to ungulate RSF, Banff and Jasper National Parks. 

 Variable Coef. Std. Err. z p 

 Moose RSF 2.269572 0.048417 46.88 0 
 Elk RSF 5.011612 0.063996 78.31 0 
 Caribou RSF 2.08814 0.046184 45.21 0 
 _constant -2.89934 0.037735 -76.83 0 

 

Figure 6.12 Relative probability of resource selection by wolves from the top combined ungulate and 
human wolf RSF model for the 4 prey species RSF models in the Canadian Rockies during winter 
months. Wolves showed the strongest selection for elk, followed by moose, but avoided caribou 
during winter.  

 
 

Table 6.14  Wolf winter Response to Ungulate RSFs and human variables 

 Variable Coef. Std. Err. z p 

UNGULATE 
RSFs 

Moose RSF 2.547533 0.053589 47.54 0 
Combined Elk RSF 3.786434 0.067903 55.76 0 

 Caribou RSF 0.730472 0.066259 11.02 0 
      
HUMAN 
USE 

Distance to Town -6.53E-06 4.68E-07 -13.95 0 
Distance to Primary 
Roads -4.6E-05 1.95E-06 -23.77 0 
Distance to Secondary 
Roads 0.00004 1.45E-06 27.64 0 
Distance to Trails -0.0002 7.58E-06 -27.04 0 

 _constant -1.85435 0.058727 -31.58 0 
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Table 6.15  Comparison of landcover and ungulate based models for wolves in winter.  All modeled at 2 
level GLLAMM RSF models (see specified table for model details and variable coefficients) 

Model Obs. Log 
likelihood 

Pseudo 
R2 

df AIC ΔAIC BIC 

1. Landcover 
(see table 6.10) 57624 -19875.9 0.380 19 39789.8 

 
0 39960.07 

2. All Ungulates & 
Human Use 
(see table 6.14) 57624 -20850.3 0.350 9 41718.64 

 
 

1929.0 41799.3 
3. All Ungulates 

(see table 6.13) 57624 -22857.2 0.290 5 45724.42 
 

5935.1 45769.23 
4. Elk Only 

(not presented) 57624 -25904.8 0.200 3 51815.53 
 

12026.3 51842.41 

 

 

 

6.3 DISCUSSION 

Like other carnivores, wolf resource selection closely mimicked that of their prey (Mitchell 

and Hebblewhite 2010).  In fact an almost equal amount of the variation in wolf habitat use was 

explained by models based on the same suite of landcover variables as their prey models, and 

models based on resource selection models of their prey themselves.  Wolves selected strongly 

burned areas and use declined linearly with distance to burn.  Results from our landcover-based 

RSF model were very similar to previous studies reviewed in the introduction to this chapter.  

Wolves also selected for travel routes, natural (such as edge habitats and areas close to 

streams) and anthropogenic (roads) that would increase movement rates and facilitate hunting 

success (Hebblewhite et al 2005b; McKenzie et al. 2009). Similar to results from Hebblewhite & 

Merrill (2008) we found consistently strong selection across the Canadian Rockies by wolves for 

burned landcover types both in summer and winter, although selection was stronger during 

summer. Moreover, wolf selection for burns extended some distance from them, as we found 

that wolves selected to be within 4 km of burned areas based on the univariate relationships 

between used and available distance classes to burns (Figure 6.3), but this effect of selection to 

be close to burns continued up to approximately 14 km (average of 10km and 18km from 

winter and summer, respectively) from burned areas. These are the main results of the 

landcover-based RSF model with conservation implications for caribou. Wolf selection for 

burned areas would therefore increase use up to a radius of 4 to 14km. Based on the selection 

for ungulate prey species, and their selection for burns (especially moose, and elk during 

summer), we interpret wolf selection for burns as selection for ungulate prey. In Section 7, we 

explore the implications of wolf selection of burns for overlap with caribou.  
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Based on the ungulate-prey RSF model, wolves showed the strongest spatial selection for 

elk, and migratory elk when elk were modeled separately during summer.  The strong response 

to elk RSF by wolves supports the strong link between wolf density and elk density that 

Hebblewhite et al. (2007) used as the basis for a multi-species population model that showed 

apparent competition between wolves, elk and caribou. Hebblewhite et al. (2007) showed that 

up to 70% of the wolf numeric response can be attributed to elk. In fact, separation of the 

migratory and non-migratory components of the elk population suggests that wolves select 

more strongly for nonmigratory resident elk near the townsites of Jasper and Banff, and that 

their abundance would have a disproportionately large effect on the numeric response of 

wolves.  In contrast, caribou were weakly selected during summer, but avoided during winter 

when evaluated in combination with the effects of human activity in the full ungulate prey + 

human RSF model.  Regardless, the weak selectivity coefficient for the caribou RSF variable in 

summer and avoidance during winter suggests that caribou may not be actively hunted by 

wolves, but simply encountered when wolves follow their main migratory prey elk, and possibly 

moose, in subalpine and higher elevation areas during summer (Huggard 1993). This supports 

our hypothesis that caribou are not a target species of wolves and are simply the spatial victims 

of apparent competition between wolves, elk, moose, and caribou.  

 

Wolf selection for ungulate habitat corresponds to wolf diet selection and diet composition 

based on field studies of wolf diet in the Canadian Rockies, providing some evidence for the 

close correspondence across foraging scales for wolves (Mitchell and Hebblewhite 2010). For 

example, we found wolves showed the strongest selection for elk, followed by moose, and 

either weak selection or avoidance for caribou. This is similar to the patterns of selection and 

diet composition (use) by other studies.  For instance Huggard (1993) found that wolves in 2 

Banff wolf packs in 1988-1990 selected for elk in 3 out of 4 pack-season comparisons. 

Hebblewhite et al. (2004) similarly showed that elk dominated the diet of wolves in Banff from 

1988-1990. In Jasper National Park, Weaver (1994) showed that wolf selectivity and diet 

favored elk over moose, similar to our spatial selection patterns. And recent studies in Jasper 

National Park (Hebblewhite et al. 2010) showed that for some wolf packs (i.e. Signal pack), elk 

were more common in the diet compared to moose.  However, in Jasper, other packs (i.e., the 

Sunwapta pack) killed more moose, and others still (i.e., Glacier pass pack), seemed to 

specialize in mountain goats and bighorn sheep. These discrepancies raise several important 

points, the first being correlations between prey species in the RSF models; and second and 

most importantly, the lack of information regarding other ungulate prey (i.e. white-tailed deer 

and mule deer in the study area. 
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During winter, correlations between elk, caribou and moose were all < |r| = 0.3, suggesting 

spatial partitioning between these three ungulate species that was observed in the geographic 

predictions of the three RSF models. Statistically, it also suggests limited risk of confounding or 

collinearity amongst prey RSFs in the wolf ungulate-based RSF model. However, during 

summer, the issue of collinearity was not so easy to ignore.  Obviously, migrant elk and 

nonmigrant elk were correlated, with a correlation coefficient of r = 0.66, close to the highest 

thresholds for collinearity recommended by Hosmer and Lemeshow (2002) of ~ |r| = 0.70.  

Moose and migrant elk had a correlation coefficient of r= 0.72, nonmigrant elk and moose r =-

0.50, and caribou were only weakly correlated with any elk or moose (all r<0.30).  Despite some 

of the high correlation coefficients, we observed no evidence for confounding (strong 

coefficient sign changes in the presence of a collinear variable), nor evidence for collinearity 

with high variance inflation factor (VIF) scores. Nonetheless, despite these statistical 

reassurances, the biological truth is that it is difficult to separate the mechanisms of wolf 

hunting behavior and diet selection from regression-based analyses of prey species that show 

high spatial overlap. Huggard’s (1993) conclusions that ‘apparent’ selectivity may be occurring 

because of wolf hunting behavior causes selection for individual prey species (e.g., elk) that are 

highly spatially predictable, but while travelling between known elk habitat patches, wolves 

randomly encounter other prey species such as moose (Weaver 1994). Comparisons between 

packs or individual seasons in which different prey availabilities really occurred, or analysis 

along the hunting path scale would be the only way to distinguish spatial selection in field 

settings for wolves.  Regardless, the other difficulty is that we did not measure prey availability 

or resource selection for what may be rapidly becoming an important prey species, deer. 

 

White-tailed deer were historically absent from the Canadian Rockies, and have seemed to 

only colonize the area since the 1950’s at least (Millar 1915, Cowan 1947b, Cowan 1947a). In 

the Bow Valley, during the late 1980’s , wolves showed strong selectivity for deer, yet deer 

were still numerically rarer than elk by approximately 70% (Huggard 1993) . Unpublished pellet 

transect data from the Bow Valley has shown an apparent increase in deer populations since 

1995 (Banff National Park, unpublished data). In the Ya Ha Tinda winter range, since 2001, 

white-tailed deer have become more abundant on annual pellet transects conducted every 

winter and summer by a rough estimate of at least 50% (E. Merrill and M. Hebblewhite, 

unpublished data). And in the front ranges of Banff, during the last summer aerial elk survey to 

determine summer range distribution of migrant elk, Spaedtke & Hebblewhite (unpublished 

aerial survey report) reported seeing “very high numbers of white-tailed deer”  in areas where 

none had been previously seen. In Jasper, recent aerial survey data conducted as part of our 

broader research project counted a minimum of ~ 110 white-tailed deer during annual winter 

elk surveys in the main Athabasca valley during 2007/2008 (Robinson, unpublished aerial 

survey report).  Even applying a liberal estimate of 50% sightability for white-tailed deer (when 
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most sightability estimates range from 10-25%) suggests that this new player in the system 

could rapidly become a dominant ungulate shaping predator-prey communities.   

 

Weaver (1994) noted the potential effects of space on stability of predator-prey dynamics 

in the Canadian Rockies. He observed the more even spatial distribution of mule deer and 

white-tailed deer in Jasper (which then occurred in a ratio of 2 mule deer to 1 white-tailed 

deer) compared to the more predictable and spatially clumped distribution of elk and moose, 

and hypothesized that wolves might be able to be more effective predators on elk as a result. 

Huggard (1993) found similar overlap of wolves and the different prey species in Banff.  In a 

simple predator-prey model based on Holling’s disc equation, Huggard (1993) showed that as 

the relative density of a prey species increased, ‘apparent’ selectivity for different species 

would change dependent on both their herding behavior (e.g., Hebblewhite et al. 2002) and 

their spatial distribution patterns. For example, apparent selectivity for group living elk declines 

with increasing elk density, whereas the converse is true for deer species.  The implications of 

these interactions between spatial overlap and caribou predation are important. Recent 

modeling work by McLellan et al. (2010) showed that group-size dependent functional 

responses can drive Allee effects for southern mountain woodland caribou in adjacent British 

Columbia. Therefore, understanding the effects of changing wolf predation on caribou as a 

result of increasing white-tailed deer densities is an important knowledge gap for wildlife 

managers in the Canadian Rockies. Effects of deer on the stability of caribou populations could 

have opposite effects, dependent on the outcome of wolf-deer dynamics. If deer populations 

numerically buoy wolves, but do not change the functional response or aggregative response to 

migratory elk and hence caribou, then deer may serve to only exacerbate apparent competition 

between prey species. Alternately, if wolves are not as effective predators on deer as some 

hypothesize, and their more even spatial distribution changes the functional and aggregative 

responses to caribou, then deer may actually promote stability of caribou populations. Testing 

amongst these (and other plausible) hypotheses is a recommendation of this study.  

 

Regardless of the omission of deer from this anlaysis, it may be possible to predict their 

effect on caribou conservation due to their similarities of habitat use to elk. In the Bow Valley, 

where most of the elk population was non-migratory, Huggard (1993) showed high overlap 

between deer and elk. Unpublished pellet count data from the Bow Valley similarly show high 

spatial overlap between (resident) elk and deer (unpublished data). Finally, H.S.I. models for 

elk, deer, moose, goats and bighorn sheep derived from the Ecological Land Classification 

(Holroyd and Van Tighem 1983) show a high correlation between good deer habitat and elk 

habitat, especially in summer. Prey-based RSF models for wolves developed from these ELC 

H.S.I. models show the correlation between elk and deer were r = 0.90 (Mitchell and 

Hebblewhite 2010). Thus, while we did not explicitly model deer resource use, we think that the 
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strong selection wolves showed for non-migratory elk during summer may correlate strongly 

with selection for deer. Therefore, from a caribou perspective, the main implications of the 

wolf component of this study are that wolf selection for resident elk (and by proxy deer) and 

migratory elk (and moose) are consistent with the apparent competition hypothesis for 

caribou declines through the numeric (resident elk/deer) and aggregative (spatial, migratory 

elk) response mechanisms.  

 

Figure 6.13. Adapted from Huggard 
(1993) showing changes in the 
overall selectivity for different 
prey types as their numbers 
change in the simple model of 
wolf-prey encounters. For each 
curve, the abundance of that 
species was varied singly, while 
the number of the other prey 
species was held at 200. 

 
 
 
 
 

 
Photo 6C. Increasing white-tailed deer could change wolf-caribou dynamics.  
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SECTION 7.0  WOLF-CARIBOU OVERLAP AND THE EFFECT OF FIRE ON SPATIAL 

SEPARATION BETWEEN WOLVES AND CARIBOU 

7.1 INTRODUCTION 

In this section, we explicitly test the direct and indirect effects hypothesis by comparing 

changes in two habitat metrics following  simulated burn scenarios (Turner et al. 1994, Wu et 

al. 1996, Singer 1999).  The direct habitat loss hypothesis predicts that fire will directly reduce 

habitat quality through removal of lichen biomass (section 1.4.1).  The indirect or spatial 

separation hypothesis predicts that the survival and population dynamics of caribou are driven, 

indirectly, by their spatial separation from elk and moose, such that separation is equivalent to 

separation from their primary predator, wolves (section 1.4.2).  

 

A key condition for the erosion of the spatial separation hypothesis for caribou declines is 

that wolves are a leading cause of mortality of caribou, and that wolf numeric responses are 

driven by primary prey species.  In Section 5, we showed strong avoidance by caribou for young 

forests, burns, and areas adjacent to burns.  Caribou avoid burned areas up to 10km in winter 

and 18km in summer (this study Section 5).  Direct habitat loss should be confined to the burns 

themselves with perhaps a reduction in quality of habitat within these 10 and 18 km buffers.  In 

contrast, we showed that both moose and elk select burned areas, and spatial use of both 

declined with distance from burns (this study Section 3 and Section 4).   Wolves also preferred 

burned areas, and their use declined with distance to burn, showing strong selection for areas 

<4km from burns.  Wolf selection is likely a result of their prey’s selection, because wolves 

showed the strongest selection for elk and moose (Section 6). Therefore, the increased overlap 

between wolves and caribou in the vicinity of burns appears to be driven by the 

asymmetrically strong selection for burns by wolves, and should outweigh the direct loss of 

habitat to fire.  

 

Identification of high wolf-caribou overlap areas within the National Parks may be useful to 

mitigate effects of fire.  Recent advances in RSF applications to predator-prey theory confirms 

that RSF models can be used to estimate overlap using the product estimator of two 

independent RSF models (Kristan and Boarman 2003, Hebblewhite et al. 2005b). Because wolf 

predation is primarily driven by species like moose, elk and deer in caribou systems 

(Hebblewhite et al. 2007, this study Section 6), the assumption of independence seems 

reasonable for wolves and caribou. Therefore, we tested for current wolf-caribou overlap using 

the wolf and caribou RSF models developed in Sections 5 and 6. We hypothesized that most 

predation events would occur were the probability of overlap between wolves and caribou was 

greatest. We identified areas where probability of wolf and caribou overlap was low to 

delineate caribou ‘safe’ zones; where overlap with wolves was essentially zero, and thus 
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caribou had an extremely low probability of mortality from wolves.  We then tested the indirect 

effects of fire on spatial separation of wolves and caribou by measuring the effects of simulated 

prescribed fires on the amount of ‘safe zone’ habitat.  We compared the indirect effects of fire 

on safe zones to the direct loss of high quality caribou habitat.  We predicted that fire would 

increase the amount of wolf-caribou overlap, effectively reducing the ‘safe-zones’ for caribou 

and the efficacy of caribou spatial separation strategy. 

 

7.2 METHODS 

7.2.1 Wolf Predation on Caribou and Primary Prey 

Before testing the spatial separation hypothesis it was important to first confirm that 

wolves and their primary were affecting caribou survival.  We tested the following predictions 

of the spatial separation hypothesis: 1) that wolf-caused mortality would be the leading cause 

of mortality, and 2) that wolf diet would be dominated by primary prey species such as moose, 

elk and deer.  We calculated cause-specific rates of mortality using cumulative incidence 

functions for radiocollared caribou in Jasper and Banff from 1988-1991 and 2001-2010 (see 

DeCesare et al. 2010 for details).  We investigated GPS clusters  from 5 wolf packs to determine 

prey preference (see Hebblewhite et al. 2010 for details).  Finally, we tested the prediction that 

mortality would be lowest during winter when spatial separation was hypothesized to be the 

greatest due to elevation separation of wolves and caribou, by examining the seasonal pattern 

of mortality from radiocollared adult female caribou in Jasper National Park.  

 

7.2.2  Overlap and Probability of Wolf Predation on Caribou 

We treated RSF models for caribou and wolves as habitat ranking models, and used them 

to assess caribou-wolf overlap by subtracting inter-species RSFs (Neufeld 2006).  Specifically, we 

subtracted the binned wolf RSF model from the binned caribou RSF model.  This generated a 

caribou-wolf overlap index from -10 to +10, where high values indicate high quality caribou 

habitat and low quality wolf habitat, and low values indicate low quality caribou habitat and 

high quality wolf habitat (Neufeld 2006).  We overlaid this index with a kernel density 

estimation of our out of sample telemetry locations to graphically depict where the greatest 

probability of overlap between all 4 study species would occur.  We used this asymmetric 

overlap to determine a cut point at which high quality caribou habitat remains with little 

probability of wolf use, referring to these areas as caribou “safe zones”.  We then quantified 

how the amount of safe zone changed by season and herd using a one-way analysis of variance 

(ANOVA) to test the hypothesis that spatial separation increased in winter.   
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We hypothesized that most predation events would occur where the probability of overlap 

between wolves and caribou was greatest.  We tested this hypothesis by overlaying the 

location of suspected and confirmed wolf mortalities (both of collared caribou and kills 

discovered by parks staff when investigating wolf GPS locations, and kills reported to Parks staff 

by the public) on our overlap index map.  

 

7.2.3 Evaluating the Direct and Indirect Effects of Fire with Burn Scenarios 

We modeled the direct and indirect effects of 3 future burn scenarios on caribou using as 

realistic a fire scenario as possible based on Parks Canada prescribed fire plans and stand age 

data.  In 2000 a wildfire was ignited by lightening near Moab Lake in Jasper National Park on the 

southeast corner of the Tonquin herd’s home range.  The fire consumed 1028 ha of forest, or 

approximately 0.7% of the Tonquin’s range.  Using this naturally occurring fire as a template of 

the extent of probable future events, we created wildfires in our GIS burn layers representing 

1% of each of the five caribou home ranges (i.e. 61 km2 burn for the A La Peche, 10 km2 for 

Banff,  10 km2 the Brazeau, 13 km2 for the Maligne, and 15 km2 for the Tonquin).  These burns 

were created by selecting the largest contiguous forest block with a stand origin of 1862, the 

mean stand age of Park’s planned burns.  Simulated fires were constructed by selecting 

adjacent forest polygons, regardless of stand age, until the desired burn size was achieved.  

These new burns were then merged with existing burned areas creating new GIS layers 

representing a combination of the existing condition and our 1% wildfires or planned 

prescribed fires.  New “distance to burn” layers were created by calculating straight-line 

distance from the external edge of all burns.   

 

We evaluated all scenarios in a spatially explicit manner by recalculating predicted wolf and 

caribou RSF models with different burn scenarios in ARCGIS 9.3.  The first scenario was created 

by simply combining and “conducting” all of the prescribed fires currently planned by Banff and 

Jasper National Parks.  Secondly, we simulated wildfires within each caribou home range, and 

thirdly, within a 14km buffer zone surrounding the home ranges.  A 14 km buffer was chosen as 

it was the mean distance of avoidance of burns in both seasons determined from our earlier 

work on caribou resource selection (see Section 5, Figure 5.3 and Figure 5.8).  As discussed 

above, we controlled for burn size of wildfires by limiting their extent to an area representing 

1% of each herd’s home range. 

 

Finally, we projected our original RSF models onto this new burned landscape, and 

quantified changes in the amount of high quality caribou habitat, and caribou “safe zones” 

within each herd’s home range, for each burn scenario using Hawthtools Zonal Statistics (Beyer, 

H. L. 2004. Hawth's Analysis Tools for ArcGIS).  As a measure of the direct effects of fire on 
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caribou habitat, we quantified the change in the amount of high quality caribou habitat as 

measured just by the caribou RSF model.  We identified a high quality caribou habitat using a 

caribou habitat rank of 8 because 85% of all out of sample caribou telemetry locations occurred 

in habitat ranks of 8 or greater (Figure 7.1).  We then quantified the relative change in the 

indirect effects of fire (safe zone or wolf-caribou overlap) and direct effects of fire on caribou 

habitat (RSF loss) between herds, position (adjacent, core) using a two-way analysis of variance 

(ANOVA).   

 

 

Figure 7.1 Distribution of reserved out of sample used locations relative to seasonal RSF values for 
caribou and wolves, Jasper and Banff National Parks.  

 
 

7.2.4 Population Consequences of Decreased Spatial Separation between Wolves and Caribou 

To test for the consequences of increased overlap between wolves and caribou on caribou 

population dynamics, we investigated the relationship between the amount of ‘safe-zone’ 

within each caribou herd and herd-specific estimates of population size, population growth rate 

(from matrix models), and adult female survival rates using data from complementary studies 

(DeCesare et al. 2010a, Hebblewhite et al. 2010).   A prediction of the spatial separation 

hypothesis and apparent competition hypothesis is that caribou ranges with more ‘safe zone’ 

habitat, indicating greater spatial separation between wolves and caribou, would have larger 

population size, higher adult female survival rates, and higher population growth rates.  

However, as we show below, there were important differences between herds in whether 

winter increased or actually decreased spatial separation. Therefore, we also investigated 

whether the increase in spatial separation during winter increased demographic performance 

by regressing population measures (N, survival, Lambda) against the % change in winter safe 
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zone (i.e., negative if a caribou herd lost safe zone during winter, positive if winter was more 

safe).  

 

7.3 RESULTS 

7.3.1 Wolf Predation on Caribou 

Wolf predation was the leading cause of adult caribou mortality in Jasper National Parks 

(Table 7.1), and elk and deer form the bulk of the diet of wolves in Jasper, and caribou are a 

rare diet component (Figure 7.2).  Both findings satisfy conditions necessary to support the 

spatial separation hypothesis.  Finally, we documented 19 radio-collared caribou killed by 

wolves in Jasper National Park (8 Summer, and 11 Winter), between 1978 and 2009.  

Mortalities occurred in all months except March and November, the greatest number occurring 

in May (Figure 7.3).  This lends ambiguous support to winter offering the highest spatial 

separation for caribou, because we used a cutoff between winter and summer of May 31.  

 Table 7.1. Cause-specific mortality rates for adult female caribou estimated from cumulative incidence 
functions (CIF) in Banff and Jasper National Parks, 1988-2009 (from DeCesare et al 2010). 

 

 1988–1991 2001–2009 

Cause of mortality CIF  SE CIF  SE 

Wolf predation 0.1056 0.0507 0.0448 0.0179 

Unknown predation/scavenged 0.1548 0.0821 0.0541 0.0200 

Avalanche 0.0000 0.0000 0.0209 0.0119 

Other 0.0526 0.0512 0.0162 0.0114 

Unknown 0.0273 0.0270 0.0550 0.0283 
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Figure 7.2  Diet composition of wolves in Jasper National Park from 2007-2009 based on GPS cluster 
searches of kill-sites. Wolf packs included the Signal, Brazeau, Sunwapta, Glacier Pass, and a 
total of 81 kills.  Source Hebblewhite et al. (2010). 

 

 
  

 

Figure 7.3.  Monthly distribution of radio-collared caribou killed by wolves (n=19) by month in Jasper 
National Park (1978 – 2009).  
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7.2.2  Overlap and Probability Of Predation 

As hypothesized, we found the greatest number of wolf killed caribou where their 

probability of spatial use was equal to that of wolves, and therefore probability of overlap 

highest (Figures.7.4, 7.5, 7.6 and 7.7).  Figure 7.4 and 7.5 show spatial probability of caribou-

wolf overlap for each herd in both seasons.  Overlap between wolves and caribou appears to be 

negligible at asymmetric values of positive 5 or above (Figure 7.6 and 7.7).  We chose this 

asymmetric overlap value of 5 as a cut-point to delineate caribou safe zones for the remainder 

of the analysis (i.e. areas => 5).  The seasonal strength of spatial separation by wolves varied 

between individual caribou herds (see next paragraph, Table 7.2, Figures 7.8 to 7.13).  Using the 

estimated cut point for ‘safe’ caribou habitat, we then created current safe zone maps by 

caribou herd and season in Figures 7.8 to 7.13.  

 

The A La Peche had the greatest amount of safe zone habitat, followed by Banff, the 

Tonquin, Brazeau and Maligne herds (Table 7.2). Spatial separation between wolves and 

caribou increased during winter only for the A La Peche and Tonquin herds, where spatial 

separation increased by 50% in the A La Peche herd, and >100% during winter for the Tonquin 

herd (Table 7.2).  In contrast, the amount of safe zone declined during winter in the Banff, 

Brazeau and Maligne ranges, with declines of 92% of safe zone habitat for the Maligne herd, 

66% for the Banff Herd, and 49% for the Brazeau herd (Table 7.2).   

 

 

Table 7.2 Total area in km2 and % of home range contained within safe zone habitat (with low wolf-
caribou overlap) during winter and summer in the Canadian Rockies. 

 

Herd Season Area (km2) % Home 

Range 

A La Peche Summer 1037.4 0.170 

A La Peche Winter 1580.2 0.259 

Banff Summer 268.4 0.266 

Banff Winter 92.8 0.092 

Brazeau Summer 252.9 0.238 

Brazeau Winter 131.1 0.123 

Maligne Summer 47.1 0.036 

Maligne Winter 3.8 0.003 

Tonquin Summer 109.3 0.072 

Tonquin Winter 235.6 0.156 
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Photo 7A. Tonquin caribou (red circle) in a ‘safe zone’ behind the Ramparts in Robson Provincial Park, 

British Columbia, May 6, 2007. 
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Figure 7.4 Potential summer overlap of wolves and caribou in the Mountain National Parks.  Cool colors 
represent high quality caribou habitat with low probability of wolf use, warm colors the 
opposite, high probability of wolf use with low probability of caribou use.  Pale or yellow colors 
represent areas with equal probability of use by both species and may therefore represent the 
greatest risk to caribou (see Figure 7.6). 
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Figure 7.5 Potential winter overlap of wolves and caribou in the Mountain National Parks.  Cool colors 
represent high quality caribou habitat with low probability of wolf use, warm colors the 
opposite, high probability of wolf use with low probability of caribou use.  Pale or yellow colors 
represent areas with equal probability of use by both species and may therefore represent the 
greatest risk to caribou (see Figure 7.7). 
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Figure 7.6  Summer asymmetric overlap of four species showing relative probability of use as a function 
of the difference between summer caribou and wolf resource selection models, and location 
and frequency of caribou mortalities (black bars).  Note the X axis is the difference between 
binned RSF values of caribou and wolves, such that high values (10) represent safe areas for 
caribou, and low values (-10) represent high wolf use areas. 

 

 
 

Figure 7.7 Winter asymmetric overlap between caribou and wolf probability of use showing probability 
of 4 species use and location of wolf killed caribou in comparison to wolf-caribou overlap (black 
bars). Note the X axis is the difference between binned RSF values of caribou and wolves, such 
that high values (10) represent safe areas for caribou, and low values (-10) represent high wolf 
use areas. 

  



 

 

122 Parks Canada Caribou Habitat Modeling Final Report 

7.2.3 Evaluating the Direct and Indirect Effects of Fire with Burn Scenarios  

The most dramatic results from the burn scenarios was the much higher loss of safe zone 

habitat compared to direct habitat loss measured by loss of high quality caribou habitat, 

especially during summer (Figure 7.14). This strongly supports the indirect effects of fires as 

being greater than the direct effects of fire on caribou habitat. Considering only the effects of 

direct habitat loss due to loss of high quality caribou habitat, a 1 % burn caused an average of 

1% habitat loss, confirming the direct effects of habitat loss were evaluated as expected. When 

1% burns occurred in the core of a caribou home range, this resulted in a slightly greater 2% 

loss of habitat, presumably because the core of caribou ranges contained higher quality caribou 

habitat. Also logically, burns on the periphery of caribou ranges (within a 14 km buffer) had 

negligible effects on direct habitat loss (Figure 7.14). ANOVA confirmed that effects of burn 

scenarios on % caribou range in high quality habitat was not significant (P= 0.979, Table 7.3), 

and that the main differences in habitat quality was driven by seasonal differences between 

winter and summer.  

  

 Table 7.3 ANOVA results for the effects of burn scenarios, season, and herd status on the percentage of 
caribou ranges occurring in high quality caribou habitat from RSF models, measuring the direct 
effects of fire on caribou.  Seasons were winter, summer, and burn scenarios were prescribed 
burns, core area, and buffer area burns. No interactions were significant.  Overall adjusted R2 for 
the model was 0.831, n=40 landscape burn experiments.  

 Partial SS df MS F P-value 

Model 3.333 12 24.88 24.88 <0.0005 

Season 3.227 1 192.77 192.7 <0.0005 

Herd 0.1023 4 1.53 0.218 0.218 

Burn Scenario 0.003 3 0.06 0.06 0.978 

Residual 0.519 31 0.0167   

Total 3.852 39    

 
                    

In comparison to the direct effects of fires, the indirect effects of burns were dramatically 

greater on spatial separation between wolves and caribou, especially in summer. For every 1% 

area burned in current prescribed fire plans, there was a 10% loss of caribou safe zone area 

during summer (Figure 7.14). In winter, this effect was reduced to only a 2% loss of safe zone 

habitat, still double that of the direct effects on caribou habitat alone. The negative effect of 

fire was slightly greater when evaluating burns in the core of caribou ranges, where 11% of the 

safe zone habitat was lost, and slightly less than when burns occurred in the 14km buffer 

surrounding caribou ranges (Figure 7.14).    
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Table 7.4 ANOVA results for the effects of burn scenarios, season, and herd status on the percentage of 
caribou ranges occurring in safe zone habitat, measuring the indirect effects of fire on caribou 
mediated via increased wolf-caribou overlap. Seasons were winter, summer, and burn scenarios 
were prescribed burns, core area, and buffer area burns. Only one 2-way interaction, that 
between season and herd, was significant. Overall adjusted R2 for the model was 0.737, n=40 
landscape burn experiments.  

 Partial SS df MS F P-value 

Model 0.209 12 0.0174 10.13 <0.0005 

Season 0.013 1 0.0128 7.45 0.011 

Herd 0.142 4 0.0355 20.66 <0.0005 

Burn Scenario 0.026 3 0.0085 4.93 0.0074 

Season*Herd 0.029 4 0.0072 4.18 0.0092 

Residual 0.047 27 0.0017   

Total 0.257 39 0.0066   

 

 

 

 

 
Photo 8A. The effects of fire on caribou are greater than merely caused by the direct loss of foraging 

habitat such as these arboreal-lichen clad spruce. Photo: Mark Hebblewhite  
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Figure 7.8 Consequences of fire on caribou habitat in Banff and Jasper National Park during summer (top 
panel) and winter (bottom panel). The direct effects of fire on high quality caribou habitat (RSF 
Loss) were minimal compared to the indirect effects of habitat loss due to increased wolf-
caribou overlap (Safe Zone Loss) across three future burn scenarios; prescribed burns, and 
natural burns adjacent to caribou ranges (buffer) and burns in the core of caribou ranges.  
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7.2.4 Population Consequences of Spatial Separation between Wolves and Caribou 

The inconsistent seasonal differences in spatial separation amongst the five caribou herds 

made assessing the potential impact of spatial separation on demography challenging.  We 

wished to determine if it was the amount of winter or summer spatial separation, or rather, 

degree to which winter was ‘safer’ (measured by increased spatial separation and higher safe 

zone), that influenced population demography. Based on previous studies of spatial separation 

in mountainous terrain in BC (Seip 1992), we expected that caribou herds for which spatial 

separation increased during winter (e.g., the A La Peche, and Tonquin) would experience higher 

demographic performance. We tested this hypothesis using regression analysis of the various 

demographic responses (n, lambda, survival) and the amount of winter, summer, and relative 

increase in safety during winter of safe zones across the 4 extant caribou herds (Banff was 

excluded from this analysis as no demographic data existed for this extirpated herd).  Our 

power to test for between-herd demographic effects with only 4 extant populations was 

limited.  

 

There was weak evidence for a positive relationship between the amount of spatial 

separation, as measured by amount of ‘safe zone’, and population size among the 4 caribou 

herds, although the relationship was driven by the A La Peche herd and was marginally 

significant (Figure 7.15, P = 0.08, n=4).  There was similar weak evidence for a positive effect of 

spatial separation on adult female caribou survival rates and population growth rate, although 

neither relationship was significant (p>0.25) (Figure 7.16).  

 

 

 
Photo 7B. Wolf feeding on a road-killed, Jasper National Park. Photo credit Mark Bradley. 
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Figure 7.9 Habitat-population relationships between total area of safe zone within each caribou herd 
and estimated population size of the caribou herd during winter and summer.  The P-value for 
summer = 0.08, and for winter (red) = 0.02.  

 

 
Figure 7.10 Habitat-population relationships between total area of safe zone within each caribou herd 

and adult female survival rates during winter (a) and summer (b).  No regressions are statistically 
significant (P>0.25). 
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Figure 7.11 Habitat-population relationships between caribou survival and lambda and the standardized 
increase in spatial separation during winter. Values greater than zero indicate caribou herds for 
which the total area in safe zone increases during winter (Tonquin, A La Peche), whereas values 
less than zero indicate herds for which spatial separation decreases during winter. The 
regression P-value for both survival and lambda is P=0.09. 

 
 

Figure 7.12 Habitat-population relationships between caribou population size and the standardized 
increase in spatial separation during winter. Values greater than zero indicate caribou herds for 
which the total area in safe zone increases during winter (Tonquin, A La Peche), whereas values 
less than zero indicate herds for which spatial separation decreases during winter. The 
regression P-value for both survival and lambda is P=0.12. 
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7.4 DISCUSION 

Our results suggest that spatial separation from wolves is an important strategy for 

caribou to avoid mortality, and that fire will increase the amount of overlap between wolves 

and caribou with potentially negative population consequences, especially during summer.  

Our support for the spatial separation hypothesis agrees with the results of many previous 

studies of caribou resource selection (Apps et al. 2000, Mcloughlin et al. 2005, Wittmer et al. 

2005b, Fortin et al. 2008) that confirmed that, for example, “…the spatial distribution of 

woodland caribou largely reflects a behavioural response to risk.” (Fortin et al. 2008).  Our 

results show that the highest probability of caribou and wolf overlap occurs in areas where 

each species has an equal probability of use (i.e. areas near zero figure 7.2), and it is in these 

same areas where the majority of wolf caused caribou mortalities occur, similar to McLoughlin 

et al. (2006) results from boreal caribou in Northern Alberta. Therefore, identifying areas of 

overlap between wolves and caribou is a key step to minimizing risks to caribou. In fact, risks 

might be higher for caribou when human disturbance results in more high quality wolf habitat 

in overlap areas (i.e., through prescribed fire) or it increases wolf travel efficiency in such areas 

(e.g.,  by providing wolves with seismic lines as travel routes).  

 

Wolf caused mortality on caribou was the leading cause in a radio collared sample of 

females in Banff and Jasper National Parks, and declined, along with overall mortality, by 

about 50% between 1988-1991 and 2001-2009 (Table 7.1). In the early period, a caribou had 

about a 10% annual probability being killed by a wolf, but as high as perhaps 15-20% of the 

mortality (unknown predation) may have been wolf related, compared to 5-7% in 2001-2009.  

Despite these high mortality rates, caribou composed a relatively minor diet component, 5% in 

winter and up to 15% in summer (Figure 7.2). The bulk of the rest of the diet of wolves in Jasper 

was deer, moose and elk, in approximately that order. This confirms the conditions necessary 

for apparent competition induced spatial separation to be required for caribou persistence. It 

also emphasizes (as discussed in Chapter 6) the important role of deer in potentially affecting 

wolf-caribou dynamics. 

 

Our predation risk overlap analysis also suggests that caribou may be making finer-scale 

trade-offs between predation risk and forage at certain times of year that predisposes them to 

predation risk by wolves. For example, our results suggest that caribou may be constrained by 

foraging at low elevations to forage on early spring green up that coincides with high risk of 

mortality during May.  This is evidenced by the increased spike in predation during May, a time 

when caribou are at their lowest elevations of the year (unpublished data) and in high overlap 

zones with wolves. Therefore, especially during spring, caribou may be selecting habitat at 

finer spatial scales first, selecting for forage quality, and attempting (unsuccessfully) to avoid 

predation risk by wolves at these finer spatial scales. There is growing evidence that ungulates 
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make behavioral trade-offs within a spatial scale between risk and forage  including white-tailed 

deer, moose, elk, and caribou (Dussault et al. 2005, Kittle et al. 2008, Hebblewhite and Merrill 

2009).  

 

Consideration of the continuous overlap of wolves and caribou (Figure 7.4 and 7.5) reveals 

some important spatial and temporal patterns in spatial separation that were mirrored in the 

analysis of safe zones. In general, the A La Peche caribou herd had the highest amount and 

percentage of safe zone area year round. In addition, the A La Peche also had the most 

homogenous distribution of large patches of good caribou habitat, separated by narrow strips 

of high wolf-caribou overlap, with disjunct patches of ‘good’ wolf habitat. The Tonquin herd had 

the next largest ‘chunks’ of good caribou habitat, centered in and to the west of the Tonquin 

valley, the next highest amount and percent of safe zone habitat, and only had several 

concentrated areas of high overlap with wolves along lower elevation valleys and the Marmot 

basin ski access road and Tonquin road.  Interestingly, these two herds also increased spatial 

separation from wolves during the winter, with both the area and percent of their home range 

becoming ‘safe’ from wolves increasing in winter by 50% for the ALP and 100% for the Tonquin 

herd.  The other three herds had much more fragmented distributions of high quality caribou 

habitat, interspersed with more areas of high overlap with wolves, and with greater amounts of 

higher quality wolf habitat (Figure 7.4 and 7.5).  In addition, all three remaining herds (Brazeau, 

Banff and Maligne) experienced reductions in safe zone habitat during winter in contrast to the 

Tonquin and A La Peche herds that increased spatial separation from wolves during winter. 

During winter, the rank order of percent safe zone habitat was A La Peche> Tonquin> 

Brazeau>Banff> Maligne, compared to Banff > A La Peche > Brazeau > Tonquin > Maligne 

during summer. Differences in the rank order of spatial separation between herds across 

seasons could explain some of the reason for the loss of spatial separation during summer for 

the Brazeau, Banff and Maligne herds.   

 

Despite the limitations of only having 4 caribou herds to examine between-herd 

demographic consequences of spatial separation, our results support the demographic benefit 

of spatial separation from wolves over very large spatial scales. When we did not consider the 

effect of total area of safe zone on demographic rates, neither survival nor lambda was 

correlated with the total area. Total population size, however, was significantly correlated with 

the total safe zone area especially during winter (P=0.02, n=4), although this relationship was 

obviously strongly driven by the large A La Peche herd.  However, when we considered the 

seasonal dynamics of increased spatial separation during winter (such as for the Tonquin and A 

La Peche herds), stronger demographic relationships were revealed with survival, lambda and 

population size, all of which had P-values around 0.10 – amazingly high for n=4. Taken together, 

these empirical results support the link that empirical and modeling studies have shown 
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between large patches of low predation risk caribou habitat being required for the long-term 

persistence of woodland caribou across the Boreal and Mountain populations of Canada 

(Lessard 2005, Wittmer et al. 2005b, Courtois et al. 2007, Fortin et al. 2008).  These results also 

underpin the results of recent demographic population viability models by DeCesare et al. 

(2010) that show certain extirpation of the Maligne and Brazeau herds, but continued 

persistence and growth of the Tonquin herd.  

 

These results also have some relevance for reintroduction scenarios for both Jasper and 

Banff National Park.  By all accounts, the Maligne herd is besieged by predation, and has 

precious little refugia that might contribute to positive population growth rates. The Brazeau 

herd had slightly more spatial separation from wolves than the Banff herd during winter, but 

the Banff herd had the highest spatial separation from wolves of all herds during summer.  

Therefore, of the three lowest ranked herds, the Banff caribou home range might be 

considered ranked third behind the Tonquin herd. However, the loss of seasonal refugia during 

winter for the Banff caribou herd home range is potentially worrisome, given the stronger 

demographic connection between increased spatial separation during winter and demography. 

Therefore, if reintroduction of caribou to Banff was to be considered an option, one immediate 

management recommendation would be to adopt management actions to try to increase 

spatial separation of caribou from wolves during winter. We discuss management implications 

in section 9.  

 

Building on this understanding of spatial overlap between wolves and caribou, we 

investigated the direct and indirect effects of fire on caribou with spatial simulations of 

currently planned prescribed and natural fires. The direct effects of fire on caribou habitat itself 

were minimal. Burning 1% of a caribou home range reduced the abundance of high-quality 

caribou habitat throughout the range by just slightly more than 1%, and this effect did not 

really change much depending on position of ‘natural’ fires in the core of the caribou range. 

Obviously, there were minimal direct effects of burns in the 14km buffer zone adjacent to 

caribou ranges. These results suggest that direct habitat loss due to fire and loss of old-growth 

lichen bearing forest are not important for caribou in Jasper.  In contrast, the indirect effects of 

prescribed and natural fire on caribou were dramatically greater than the direct effects. Burning 

1% of the landscape in prescribed or natural fires had an amplifying effect of ~ 10% on indirect 

loss of spatial separation from wolves for caribou, and this effect was most pronounced, 

obviously, for fires occurring in the core of their home ranges.  

  

We recognize that our prescribed fire scenario ignores natural fire (which we discuss 

below), and is not a probabilistic or stochastic fire model. Nor did we consider a range of 

potential fire sizes or configurations as other wildlife-fire modeling efforts have considered 
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(Turner et al. 1994). Certainly, our results are conservative because we modeled the effect of 

only burning 1% of a caribou range, which equated to fires in the range from 10-61km2. Within 

the last decade in the Canadian Rocky National Parks, there have been fires greater in size than 

these 1% burns we evaluated, for example, the Rocky River and Vermillion burn. With the 

potential for increased fire frequency because of climatic effects interacting with increased fuel 

loads because of fire suppression (Brown et al. 2004, Schoennagel et al. 2005, Rupp et al. 2006), 

it is certainly possible that in the future, large fires could burn large areas in and adjacent to 

caribou ranges.  Future efforts to link this caribou-fire model to a dynamic landscape fire 

simulator could prove fruitful, similar to studies in Alaska (Rupp et al. 2006).   
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8.0 CARIBOU LANDSCAPE AND POPULATION GENETICS IN THE CANADIAN 

ROCKIES  

8.1 Introduction 

As an additional research objective complementary to our overall objective of examining 

caribou-fire relationships, we examined the genetic diversity of caribou at the individual, 

population, and meta-population levels to address the overall project goal of identifying 

connectivity between Parks Canada caribou herds as identified in the General Contribution 

Agreement. Here, we provide a brief review of results published in (Mcdevitt et al. 2009), as 

well as key connectivity-specific analyses conducted for this report to establish baseline levels 

of ‘natural’ migration/gene flow between / among populations.  

 

8.2 Population and Landscape Genetics Methods and Results 

We investigated 12 different caribou herds as part of our study, where herd was defined 

usually by provincial wildlife agencies as a ‘local population’, typically according to the 

watershed frequented (Fig. 8.1). In total, our study area likely contains approximately 1000 

caribou distributed in 12 local herds (Thomas and Gray 2002). At least three of these herds are 

known to be in decline (Table 8.1). Levels of genetic diversity (HE and AR) were moderately high 

among herds (Table 8.1) and comparable to other population level studies of caribou herds 

(Courtois et al. 2003, Mcloughlin et al. 2004, Boulet et al. 2007). However, the Little Smoky herd 

had lower levels of diversity compared to the other herds (Table 8.1).We obtained > 500 000 

VHF and GPS locations from 231 adult female caribou from 2001 to 2007 throughout the 12 

caribou herds. A full suite of migratory behaviours from sedentary, to partially or fully migratory 

characterized each population (Table 8.1). The proportion of migratory individuals in caribou 

herds ranged from 0.18 (in the Parsnip herd) to 1.00 in the Narraway, Red Rock Prairie Creek, 

and Red Willow herds (Table 8.1). Twenty-four polymorphic sites were identified in the control 

region of mitochondrial DNA in the study area which resulted in 17 unique haplotypes, neatly 

joined into the two lineages identified previously as the North American lineage (NAL) and the 

Beringian–Eurasian lineage (BEL). Both lineages were found throughout the study area (Fig. 

8.2). 
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Figure 8.1. Ranges of caribou herds analysed in this study (minimum convex polygons; straight lines on 
map) and core areas used by monitored individuals (kernel 95% probability polygons; curved 
lines) in the Canadian Rocky Mountains, Alberta (AB) and British Columbia (BC) provinces. 
Dotted lines delineate the boundaries between federal (marked as Federal) and provincial 
ecotype designations of herds (AB or BC). Green shading depicts national parks and provincial 
protected areas; topography and major roads are also indicated. 
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Table 8.1. Caribou herds, federal and provincial ecotype designation, conservation status and summary 
of population genetic analyses showing Heterozygosity indices (He, Ar), % of the population that 
is of the barrenground haplotype (% BGH), and the % of individual animals that displayed a 
partially migratory (migrated some years, others, did not) and/or fully migratory. 

Figure 8.2. Median-joining networks of (a) the Beringian–Eurasian and (b) the North American lineages. 
Numbers on branches indicate number of mutations if greater than one. The geographical 
distribution of both haplogroups is shown in (c) (red circles: NAL; yellow circles: BEL). 

 

 
 

 1 

  Ecotype Designations     
 

  

Herd Code Federal Alberta 
British 

Columbia 
Status N HE AR 

% Partially 

Migratory 
% Migratory % BGH 

Redrock-

Prairie Creek RPC Southern Mountain Mountain Northern Stable 52 0.793 5.762 11 100 56 

Narraway NAR Southern Mountain Mountain Northern Unknown 45 0.789 6.051 0 100 8 

Little Smoky LSM Boreal Boreal - Risk of Extirpation 39 0.669 5.074 60 68 38 

A La Peche ALP Southern Mountain Mountain Northern Stable 28 0.799 5.993 57 68 30 

Parsnip PAR Southern Mountain - Mountain Increasing 18 0.804 6.141 18 18 6 

Kennedy KEN Southern Mountain - Northern Stable 17 0.795 5.972 55 73 7 

Jasper JNP Southern Mountain Mountain Northern In Decline 13 0.751 5.198 20 70 42 

Quintette QUI Southern Mountain - Northern Stable 11 0.837 6.545 55 64 45 

Moberly MOB Southern Mountain - Northern Stable 3 – – 67 67 0 

Pine PIN Southern Mountain - Northern Stable 2 – – 0 0 0 

Red Willow RWR Southern Mountain - Northern Unknown 2 – – 0 100 0 

Banff BAN Southern Mountain Mountain Northern Risk of Extirpation 2 – – 0 50 100 
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Caribou in our study area have long been considered to belong to the woodland 

subspecies, with the barren-ground subspecies occurring in the tundra, hundreds of kilometres 

further north. Here we show unambiguously that the BEL associated with the barren-ground 

caribou is present in the Canadian Rocky Mountains (Fig. 8.2c). Even though the BEL and NAL 

diverged before the onset of the last glacial maximum (23 000–19 000 bp), nuclear DNA and 

spatial data clearly demonstrate for the first time that the two lineages have extensively 

interbred, possibly since the end of the Wisconsin glaciations (~14 000 bp), producing a unique, 

mixed gene pool.  

 

When caribou were grouped into herds, several pairwise comparisons were nonsignificant 

(Table 8.2). The Quintette herd was not significantly differentiated from the herds in Narraway, 

Red Rock Prairie Creek and Parsnip. The Parsnip herd was also not significantly differentiated 

from the herd in Kennedy (Table 8.2). This mirrors, to a good extent, the GPS telemetry data on 

range overlap (Fig. 8.1). Furthermore, we found no evidence for genetic differentiation within 

any of the Jasper caribou subpopulations, including the Tonquin, Maligne, Brazeau. 

Furthermore, there were low levels of genetic differentiation between the A La Peche and 

Jasper populations, supporting their grouping in one unit. This also corresponds to historical 

sightings in the Victoria Cross ranges between these two herds from the 1970’s (M.Bradley, 

pers.comm.).  

 

Table 8.2. Pairwise FST values between herds using mtDNA (upper diagonal) and microsatellites (lower 
diagonal). 

 
 

Clustering analysis in the program Structure revealed the presence of four distinct genetic 

clusters. Cluster 2 largely corresponded to the herd in the Little Smoky area, cluster 1 was 

mostly confined to Narraway and Red Rock Prairie Creek, cluster 3 had a more southerly 

distribution but also had individuals present far north, while cluster 4 had a mainly northerly 

distribution (Fig. 8.3a). When spatial data were incorporated, the program TESS also revealed 

that the most likely number of clusters was K = 4, yielding a picture that is largely in agreement 

with that obtained with Structure (Fig. 8.3b), yet providing a higher degree of detail, which the 
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nonspatially explicit model of Structure cannot fully capture.  Using TESS as the preferred 

method, caribou in the Canadian Rockies are subdivided into 4 main subpopulations from a 

genetic view point; the Banff/Jasper/A La Peche herds; the Little Smoky herd, the 

Narraway/Redrock-Prairie creek herd; and the Northern herds which include the Quintette, 

Moberly, Pine, Parsnip and Kennedy herds (Figure 8.3).  

 

Figure 8.3. Geographical distribution of inferred genetic clusters identified by the programs 

Structure (a) and TESS (b). In both graphs, the red circles largely represent individuals from the 

Red Rock Prairie Creek and Narraway areas (RPC/NAR/RDW), individual caribou from the 

distinctive Little Smoky (LSM) area are identified by yellow circles, the green cluster essentially 

includes A la Pace and Jasper (JNP/ALP/BNP) area caribou and the blue cluster mainly contains 

northern individuals (north) which corresponds to five herds (QUI, MOB, PIN, PAR and KEN; see 

Fig. 8.1 and Table 8.1). 

 

 
 

At the herd level, there was no association between the two mitochondrial lineages and 

proportions of ‘migratory’ vs. ‘sedentary’ caribou (χ2 = 0.04; P = 0.83). However, at the 

individual level, there was a positive association between whether or not an individual caribou 



 

 

137 Parks Canada Caribou Habitat Modeling Final Report 

migrated and belonged to the BEL (Fig. 8.4). The best-supported model was a simplified 

function that related the probability of belonging to the BEL to whether or not a caribou was 

migratory (‘yes’ or ‘no’, where ‘possible’ = yes) accounting for differences in the function 

between migration and BEL for different TESS four herd units (Fig. 8.3b). Although the variance 

explained by this model was relatively low (pseudo R2 = 0.11), the biological effects were still 

significant indicating a range of 4–25% increase in migratory probability for individual caribou if 

they belonged to the BEL lineage (Fig. 8.4). 

Figure 8.4. Relationship between migratory tendency (classified as sedentary, 0, or partially migratory 
and migratory, 1) and the probability of an individual caribou to belong to the Beringian– 
Eurasian lineage, conditional on each of the main TESS genetic clusters we identified (K = 4, Fig. 
8.3b). Genetic clusters are colour coded as in Fig. 8.3(b). Conditional probabilities were derived 
from a generalized linear mixed model run on individual caribou (n = 223). 

 
 

Compared to typical woodland populations elsewhere in Canada, caribou in the Canadian 

Rockies exhibit a more pronounced tendency to migrate (Bergerud et al. 1990; Terry et al. 

2000; Apps et al. 2001; Boulet et al. 2007). Our modelling revealed that within the mountain 

park and the Northern caribou populations, the probability of being migratory increased if an 

individual caribou belonged to the Beringian–Eurasian lineage. In these environments, 

migratory ability may represent an important adaptive trait of these genetically unique ‘hybrid 

populations’, whose habitat presents the challenge of spatial and seasonal changes in forage 

quality. In fact, migratory caribou frequent the tundra-like alpine areas during the summer only, 

that is, the period of high plant productivity suggesting selection for forage green-up similar to 

migration in elk (Hebblewhite et al. 2008). 
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Our data also revealed that populations along the northwest– southeast axis of the Rocky 

Mountains are less divergent than, for instance, the Little Smoky herd, east of Highway 40 (Fig. 

8.1). This herd is spatially contiguous to the A la Peche herd (Fig. 8.1), yet from a genetic point 

of view it constitutes a unique and separate cluster detectable using both mtDNA and 

microsatellite data and with or without the incorporation of spatially explicit data into 

analytical models (Table 8.2, Fig. 8.5a and 8.5b). The Little Smoky herd also happens to be the 

only ‘boreal’ ecotype, according to both Federal and Provincial (Alberta) caribou designations, 

which was alarming in some respects because of its relative isolation from other boreal 

woodland populations (the closest other one being > 100 km away and also at immediate risk of 

extirpation). Yet, the Little Smoky herd also shows a high proportion of barren-ground 

haplotypes, suggesting that despite having originated from the same postglacial event as the 

other populations, other factors — possibly anthropogenic — have contributed to its recent 

independent evolution. 

 

8.3 Estimating Historic (Natural) Levels of Migrants among Caribou Populations 

The effective number of females exchanged per generation was estimated from mtDNA 

Fst-values according to the approximation Nfm = ((1/Fst)–1)/2. The extent of gene flow (Nm) 

among the different herds was evaluated from overall Fst estimates of microsatellites by the 

equation: Nm = ((1/Fst) – 1)/4 (Slatkin 1995; Michalakis & Excoffier 1996). Although the veracity 

of the absolute gene flow estimates depends on several assumptions that may not be met in 

the present situation (population in equilibrium with respect to genetic drift and migration, 

island model of population structure), they nevertheless provide a basis for estimating natural 

levels of gene flow among typical Rockies populations. To calculate generation time for caribou 

we took into consideration that a female can be sexually mature as early as 16 months of age, 

but more commonly at 28 months. With good nutrition females give birth to calves each year, 

but may skip years in poor ranges. 

 

8.3.1 Estimates of fixation indices (FST) 

Nuclear Microsatellites: Global FST values were similar and significant for all groupings 

tested (average among herds: 0.044; among Structure clusters: 0.048; among TESS clusters: 

0.042; P < 0.0001). All pairwise comparisons of FST between clusters identified by the program 

Structure (pairwise FST values ranges: 0.020–0.091) and the program TESS (pairwise FST values 

ranges: 0.016–0.067) were significant. 

Mitochondrial DNA: Population subdivision was evaluated based on mitochondrial DNA 

using spatial analysis of molecular variance (SAMOVA). The analysis showed that with the 

organization in seven groups, there was a tendency for the Narraway and Parsnip herds to form 
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one cluster, whereas all other herds clustered separately (average FST = 0.189, P < 0.000001; FCT 

= 0.208, P < 0.038). 

Table 8.3. Average, minimum and maximum numbers of caribou migrants per generation (Nm) values 
between populations using microsatellites (with alternative methods, representing all 
individuals) and using mtDNA (with SAMOVA approach, representing females). 

 

 
 

Table 8.4. Pairwise and average numbers of caribou migrants per generation (Nm) values between 

all herds using mtDNA (upper diagonal, representing females) and microsatellites (lower diagonal, 

representing all individuals). 

 
Table 8.5. Pairwise and average numbers of caribou migrants per generation (Nm) values between 

populations using mtDNA (upper diagonal, representing females) and microsatellites (lower 
diagonal, representing all individuals). Significance for populations units was assessed after 
Bonferroni correction (initial alpha = 0.0018). 

 

method Fst Nm

herds 0.04 5.43

structure

average 0.048 4.96

min 0.091 2.50

max 0.02 12.25

tess

average 0.042 5.70

min 0.067 3.48

max 0.016 15.38

samova (females) 0.189 2.15

Natural Levels of Migrants Among Caribou Populations (Nm)

Significant Populations RPC NAR LSM ALP PAR KEN JNP QUI Female Average (Nfm)

RPC 0.87 1.11 2.75 3.22 2.14 1.37

NAR 10.25 0.39 1.96 0.48 0.96

LSM 3.86 3.30 1.00 1.90 0.76 0.83 1.08

ALP 13.12 6.26 4.72 1.07

PAR 12.84 7.12 3.09 10.53

KEN 8.84 5.56 4.71 7.95 1.35 1.45

JNP 4.23 3.04 2.37 4.23 5.41 3.74

QUI 2.74 7.28 6.13 3.58

Average (Nm) 6.04

Natural Levels of Migrants Among Caribou Herds (Nm)

Herd RPC NAR LSM ALP PAR KEN JNP QUI Female Average (Nfm)

RPC 0.87 1.11 2.75 3.22 2.14 10.39 3.48 4.49

NAR 10.25 0.39 4.52 1.96 0.48 0.96 2.21

LSM 3.86 3.30 1.00 1.90 0.76 0.83 1.08

ALP 13.12 6.26 4.72 9.12 1.07 5.92 19.99

PAR 12.84 7.12 3.09 10.53 2.95 3.38 27.28

KEN 8.84 5.56 4.71 7.95 19.75 1.35 1.45

JNP 4.23 3.04 2.37 4.23 5.41 3.74 13.09

QUI 9.11 9.67 2.74 7.28 3.58 6.13 3.58

Average (Nm) 6.68
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9 MANAGEMENT RECOMMENDATIONS AND KEY AREAS FOR FUTURE RESEARCH 

Recent demographic analyses conducted by our group and reported by DeCesare et al. 

(2010) of the Tonquin, Brazeau and Maligne herds confirmed that within 15-years, extirpation 

of the Brazeau and Maligne caribou herds is likely given current ecological and demographic 

conditions (Figure 9.1).  With extirpation of the Banff caribou herd in 2009, within 20 years, the 

only the Tonquin and A La Peche caribou herds could remain with Canadian Rocky National 

Parks. 

 

Figure 9.1.  Probability of quasi-extinction (Nf ≤ 8) over time from 10,000 population projection 
simulations for each of several scenarios representing different populations of woodland 
caribou, survival scenarios (Banff only), and translocation management (15 animals added per 
year for three years) in Banff and Jasper National Parks, Alberta. Without translocations or 
successful recovery actions such as those recommended here, the Brazeau and Maligne herds 
are predicted to become extirpated within 15 years.  Adapted from (DeCesare et al. 2010b). 

 

 
 

Our research into caribou habitat in this report revealed that causes for caribou declines 

were multifaceted at the scale of the caribou range, consistent with the main working 

hypotheses for the direct and indirect effects of wolves, humans and fire on caribou population 

viability. Reversing trends of declining caribou populations will therefore require multifaceted 

recovery actions that we recommend below, as well as a strong spatial management approach 

to minimize the negative effects of fire on caribou.  
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In this chapter, we provide key management recommendations from our research, and 

identify key knowledge gaps or areas for future research, starting first with causes for caribou 

declines and our main working hypotheses for caribou declines in Banff and Jasper National 

Park. 

9.1. Causes for Caribou Declines 

 

9.1.1  Predation by Wolves  

Wolf-prey systems in Jasper National Park do not seem as dominated by wolf-elk dynamics 

as Banff National Park. Deer and Moose comprise significant portions of the diet and biomass 

consumed by wolves, and likely drive wolf-caribou dynamics as much as elk. Caribou comprise a 

small, but significant (5-15%) component of annual diet of wolves in Jasper, confirming the 

conditions for apparent competition between primary prey and caribou mediated by wolves. 

Wolves were also the leading cause of mortality of caribou during both 1988-1991 and 2001-

2009, causing between 50-60% of all known mortality, and a rate of approximately 5-7% during 

2001-2009. Thus, wolves were the proximate limiting factor causing declines of caribou in the 

Canadian Rockies National Parks. Therefore, a key management recommendation is to 

continue to monitor wolf-caribou dynamics. 

 

Wolves showed strong spatial resource selection for burns and areas within 4km of burns 

year round, but the effect was strongest during summer. This strong selection of burns 

corresponded to strong summer selection of burns by migrant and nonmigrant elk, and year 

round selection of burns and areas close to burns by moose.  From a spatial selection 

perspective, the spatial/aggregative response of wolves was strongly driven by selection for elk 

year round, and especially nonmigratory elk during summer. Therefore, despite the reduced 

importance of elk in the diet of wolves in Jasper, nonmigratory elk populations buoyed by 

predation refugia surrounding the townsites of Jasper and Banff likely have a dramatic positive 

numeric response on wolves, and negatively affect caribou. A key management 

recommendation of this result is continued efforts to reduce resident elk herds surrounding 

the townsites of Banff and Jasper and at the Ya Ha Tinda elk winter range.  

 

We identified a key knowledge gap of the influence of invading white-tailed deer and 

moose on predator-prey dynamics and specifically wolf-caribou overlap. White-tailed deer 

could be becoming amongst the most abundant cervids in the Canadian Rockies, but limited 

direct data could be marshaled to test hypotheses about how wolf-caribou dynamics might be 

influenced. It is plausible that white-tailed deer could have positive or negative effects on the 

outcome of wolf-caribou dynamics, and future research should focus on white-tailed deer 

demography, habitat use, and overlap with wolves and caribou in the Canadian Rockies. 
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Moreover, in Jasper, Moose may be the dominant ungulate in terms of biomass consumed by 

especially wolf packs that overlap with caribou. These key knowledge gap prevents 

identification of thresholds of primary prey and wolf densities that are required for caribou 

viability. Therefore, a major recommendation of this study is to conduct a large-scale, 

comprehensive study of white-tailed deer and wolf predation dynamics in Jasper and Banff (if 

concurrent with reintroduction) to understand implications of white-tailed deer increases for 

caribou viability.  

 

9.1.2 Direct Habitat Loss Due to Fire 

Caribou showed extremely strong avoidance of burned habitats, and areas close to burns. 

From a dataset of over 60,000 caribou GPS locations, we observed only 2 GPS locations of 

caribou within burns, both from a single animal from the A La Peche caribou herd.  We interpret 

strong caribou avoidance of burns in this study as a direct result of the loss of foraging habitat 

for lichens, the abundance and biomass of which is known to increase steadily with increasing 

stand age in the Rockies and elsewhere. The strong avoidance of the actual burned areas by 

caribou is a major finding of this study, and is consistent with the growing literature showing 

negative effects of fire on caribou foraging habitat.  

 

The strong avoidance of burns resulted in minimal direct loss of caribou habitat following 

fire. Caribou habitat quality was reduced in a 1:1 fashion when fires burned areas within their 

home ranges. Our landscape simulations showed, for example, that burning 1% of a caribou 

home range resulted in, on average, a 1% loss of high-quality caribou habitat. 

 

9.1.3 Indirect Habitat Loss Due to Fire 

Caribou avoidance of areas close to burns was also strong year round, and extended 

anywhere from 10 to 18 km from burns. We interpret this strong avoidance as a combination of 

the indirect effects of wolf selection for primary prey (elk and moose) and the landscape 

configuration of caribou home ranges occurring in areas of low fire frequency.  Because wolves 

showed strong selection for areas within 4 km of burns, we conservatively recommend a 

buffer of at least 4km surrounding caribou ranges for the special management of burns if 

increased spatial separation of wolves and caribou is to be maintained (see Section 9.5 

below). However, consideration of the effects of burns up to 14km away (average between 

summer and winter) may be warranted for especially vulnerable or declining caribou herds. 
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The indirect effects of fire were amplified on caribou dramatically compared to the direct 

effects. For every 1% of a caribou home range burned either by prescribed or ‘natural’ fire 

within a caribou range, the amount of spatial separation between wolves and caribou declined 

by an average of 10%. This result provides strong support for the main effect of fires on caribou 

to be through the increased overlap of wolves, moose and elk on caribou – not through the 

direct effects of loss of lichen-bearing old forest stands. Therefore, the main effect of fire on 

caribou in the Canadian Rockies is to decrease the spatial separation between caribou and 

wolves, moose and elk.  

9.1.4. Human use hypothesis 

Our research focused on testing hypotheses for declines at the 2nd-order, or home range 

scale, of caribou. As such, we do not make recommendations regarding fine-scale management 

of human activity within caribou, wolf or ungulate home ranges. We direct park managers to 

the host of recent studies focusing on fine-scale effects of human activity on predator-prey 

ecology in the Canadian Rockies. Combined, these studies show complex relationships between 

human activity where wolves seem to select low to moderate levels of human roads and trails 

to increase their hunting efficiency of ungulate prey, and ungulates show complex avoidance or 

attraction depending on whether there is sufficient human activity to repel wolves (and other 

predators). Therefore, we echo previous recommendations to reduce fine-scale human 

activity in areas of wolf-caribou overlap to minimize threats to caribou. 

 

New results from this study provide the first evidence for the potential effect of humans 

on second-order caribou home ranges. We found that elk home ranges tended to occur in 

areas closer to roads and towns year round, especially for nonmigratory elk inhabiting areas 

near the Banff and Jasper townsites. During winter, we found elk showed some avoidance of 

areas close to trails, possibly because of stronger selection by wolves for trails during winter.  

Wolf home ranges showed year round selection for areas of higher human activity such as in 

valley bottoms that was likely driven by their strong selection for nonmigratory elk.  These 

home range scale effects resulted in all caribou showing strong avoidance of areas within 555m 

of trails and roads during summer.  During winter, most caribou herds showed home range 

selection for areas closer to human activity, except notably the Tonquin caribou herd. The 

Tonquin caribou herd showed the strongest avoidance of human activity year round, including 

the winter. While this avoidance signal could also be a result of higher snow depth in the 

Tonquin home range during winter, the signal of avoidance of human activity suggests that 

increased human use would still negatively affect this herd.  That these effects were 

manifesting at the caribou range level, in combination with previous studies that showed finer-

scale, within home range avoidance of human activity (Whittington et al. 2005a), illustrates the 

potential population-level impacts of human activity on the Tonquin caribou herd. Therefore, a 
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key management recommendation of these results is to continue to reduce human activity 

within the Tonquin caribou herd range especially during winter.   

 

9.2. Population Implications of Caribou-Wolf Overlap Analysis 

Our results strongly support the notion that caribou require large homogenous patches 

of high quality habitat spatially separated from wolves, especially in winter, to maintain 

viable demographic performance.  We saw convincing evidence of demographic relationships 

between the amount of spatial separation between wolves and caribou, and population size, 

survival rates, and population growth rates from our analysis of caribou-wolf overlap. The two 

caribou herds currently showing stable or increasing trends, the Tonquin and A La Peche herds, 

had the highest amount of spatial separation from wolves, the greatest amount of winter 

spatial separation, and the largest patches of high quality caribou habitat with the least amount 

of high overlap areas between wolves and caribou.  In contrast, the three declining and/or 

extirpated herds, the Banff, Brazeau and Maligne, all showed considerably more fragmented 

patches of high quality caribou habitat, reductions in spatial separation between wolves and 

caribou during winter, and poorer demographic performance.  At the extreme, the Maligne 

herd has the lowest amount of spatial separation, and almost no safe zones during winter.  Key 

management implications of these results are: 

 There may be some merit in prioritizing recovery actions for caribou herds with high 

quality homogenous habitat, noteably the A La Peche and Tonquin herds (see also 

section 9.4 below). 

 Spatial management of fire (prescribed and natural) especially within core caribou 

habitat patches in the Tonquin and A La Peche herds should aim to maintain large 

homogenous patches of spatial separation. 

 We recommend continued efforts to increase spatial separation between wolves and 

caribou during winter (see section 9.1.4 above). 

 

9.3 Implications for Reintroduction and Augmentation of Caribou to Banff and Jasper 

DeCesare et al. (2010a,b) evaluated translocation scenarios for caribou to Banff, Brazeau 

and the Maligne caribou ranges. As previously discussed in section 9.3 above, our study 

suggests that reintroduction to the Maligne and Brazeau herds especially would be of limited 

success because of the low amount of spatial separation between wolves and caribou in these 

two ranges. Similarly, while the Banff herd has the highest spatial separation from wolves 

during summer, spatial separation between wolves and caribou in the Banff herd was low 

during winter, ranking between the Brazeau and Maligne herds. This is potentially troubling 
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because of the potential link between demography and increased spatial separation during 

winter.   

 

However, our research did not investigate wolf density differences between caribou home 

ranges, only the spatial (aggregative) response of wolves to caribou. Therefore, the same 

amount of wolf – caribou overlap in one herd could lead to lower cause-specific mortality in 

another if wolf densities were lower for another herd. Thus, the important link between wolf 

density and cause specific mortality in caribou is still uncertain. This is a key knowledge gap 

remaining in our understanding of caribou-wolf dynamics, and is highlighted below in future 

studies, and is currently being addressed by our research group.  Given that recent estimates of 

wolf densities in Banff are 2-4 wolves / 1000km2, about the same or slightly lower than Jasper 

(J. Whittington, pers. comm.), reintroduction of caribou to Banff may still be a viable option 

despite the insights from analysis of wolf-caribou overlap in Banff. Nonetheless, given our 

results, we can make the following management recommendations regarding caribou 

augmentation/reintroduction plans: 

 Augmentation of the Maligne and Brazeau herds is unlikely to succeed based on 

the results of recent population viability and habitat analyses in this report. If 

recovery of these caribou herds is a management priority, restoration of increased 

spatial separation between wolves and caribou will be required through 

management of primary prey populations and human activity. 

 

 In reintroduction of caribou to Banff is considered, strong steps should be taken to 

ensure enhanced spatial separation of wolves and caribou especially during 

winter. These management actions could include closing winter recreation 

snowmobile trails in the Pipestone river valley, Cyclone lakes area, Mosquito creek, 

and other access points to the caribou range. Innovative manipulative methods 

such as diversionary feeding may also be possible to reduce the spatial/aggregative 

response of wolves to reintroduced caribou.  

 

 Finally, caribou reintroduction to Banff would place severe restrictions on the use 

of prescribed fire within the Banff caribou range because of the potential for loss 

of spatial separation between wolves and caribou, especially in summer. The 

Banff herd experienced the highest spatial separation between wolves and caribou 

during summer, but our landscape fire simulations showed that one single large fire 

in the caribou home range would have a dramatic negative effect on spatial 

separation.  
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9.4 Caribou Landscape Genetics 

Park Management should take into consideration the need to allow for long-term 

persistence of the Rockies caribou –i.e. an additional level of concern for a species known to be 

threatened. The first major implication of our research is that historic levels of connectivity 

between caribou herds even in Jasper National Park were much higher than currently is the 

case.  Together with Parks Canada collaborators, we have obtained telemetry data over more 

than 10 years showing very limited dispersal between caribou herds in the study area. This 

encompasses around 3 generations’ time. In contrast, we have genetic data indication that 

there are migrants every generation (Nm) between all herds or populations (Tables 8.1, 8.2 and 

8.3). This mismatch between genetic and telemetry data is not a paradox. The paradox can be 

reconciled as follows. Telemetry data indicates what has happened in the last 10 years (and 

there is no reason to think that this will change). Habitat fragmentation combined with reduced 

density dependent dispersal has likely impeded dispersal. Genetic data shows what happed in 

the past. Microsatellites indicate levels of dispersal experienced until approximately 50 years 

ago, and mitochondrial DNA until more years ago.  Thus, it could be argued that in the past 

there was dispersal among herds at least as high as 1 female migrant and higher numbers of 

male migrants every generation. Therefore, caribou herds likely were more connected than at 

present. We can use this information to address ongoing problems of fragmentation. If the 

goals of caribou recovery include maintenance of the current distribution of caribou herds in 

Banff and Jasper, the implications of our genetics work suggests the goal of restoring caribou 

habitat also in areas between ranges occupied by herds. We should not focus only on 

maintaining habitat in existing, fragmented herd ranges. 

 
 
9.5 Identification of Critical Habitat for Southern Mountain Woodland Caribou 

Although our original goals were not to identify critical habitat for southern mountain 

caribou in Banff and Jasper National Parks when we initiated this contribution agreement, our 

identification of habitat for caribou is entirely consistent with critical habitat as defined by 

the recent Boreal Caribou Critical Habitat Review (Environment Canada 2009).  The recent 

expert review of critical habitat for boreal woodland caribou concluded that the local 

population range is the relevant scale for the identification of critical habitat to support self-

sustaining local populations of boreal caribou (Environment Canada 2009).  Therefore, 

identification of caribou habitat at the 2nd-order scale of the entire local population is the best 

initial scale to identify and restore habitat conditions for mountain caribou.  

 

Two main analytical approaches used by the Environment Canada (2009) report to identify 

caribou habitat were to combine an assessment of habitat condition and population trends in 
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an integrated assessment of probability of the local population being self-sustaining. This 

probability then dictates one of three potential determinations of critical habitat. First, if the 

caribou herd is stable and at the population objective and does not require additional habitat to 

be protected, then critical habitat is identified as the current range of occupation of the species. 

If the population is self-sustaining, then critical habitat can be defined as the current range and 

allow for industrial activity within the caribou range in a manner identified to not risk 

endangering the population; and thirdly, if the population is declining and at risk of extirpation, 

then the caribou population requires additional habitat beyond the currently occupied range to 

be self sustaining and therefore critical habitat = the current range and restored/improved 

conditions. We adopt this definition of critical habitat when discussing management trade-offs 

between fire and caribou in section 9.6. 

 
Figure 9.2. Framework for the identification of critical habitat developed for Boreal woodland caribou by 

Environment Canada (2009).  



 

 

148 Parks Canada Caribou Habitat Modeling Final Report 

 

9.6 Trade-offs Between Prescribed Fire and Caribou Recovery 

Our research emphasizes that difficult trade-offs between fire management and caribou 

recovery will need to be made by Parks Canada. Ultimately, trade-offs will be dictated by the 

relative weight given to achieving different management policies of ecological integrity 

management under the Canadian National Parks Act and endangered species recovery under 

the Species at Risk Act (SARA).  And the key decision in this trade-off between fire and caribou 

will depend on the recovery goals for caribou.  The current goal in the National recovery 

strategy for Boreal woodland caribou (Environment Canada 2009) and the Alberta woodland 

caribou recovery plan (AWCRT 2005) is to maintain every local population of caribou.  

Fundamentally, if the goal for recovery of caribou populations in Jasper and Banff National 

Park is to similarly maintain and recover all current (and recently extirpated) populations of 

caribou, this will undoubtedly require large changes to prescribed fire management, 
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combined with active and aggressive recovery actions aimed at reducing primary prey 

(nonmigratory elk near townsites) and human activity.  Our results show the stark effects of 

fire on caribou-wolf overlap, and the effects of reduced spatial separation between wolves and 

caribou on caribou population viability.  

 

We combine our interpretation of critical habitat (see Section 9.5 above) for each individual 

caribou herd based on the Environment Canada (2009) recommendations for Boreal woodland 

caribou with implications of our caribou-fire research to make herd specific management 

recommendations for the management of fire (Table 9.1). Maps of recommended fire 

management zones are shown in Figures 9.3 – 9.5 for each caribou herd. We build from the 

assumption that the recovery goal is to maintain every current caribou herd.  

 

1) For herds that are currently stable, such as the Tonquin and A La Peche caribou 

herd, the Environment Canada (2009) critical habitat recommendations are that 

critical habitat = current conditions within the range. Therefore, we recommend the 

cancellation of prescribed fires within at least the current range of the Tonquin and 

A La Peche herds, and active suppression of natural fires.  

 

2) For caribou herds that are declining, including the Brazeau and Maligne, again, 

assuming population recovery is the goal, we recommend the cancellation of 

prescribed fires within at least a 4km buffer of the current ranges of the Brazeau 

and Maligne herds, and active suppression of natural fires.  

 

3) If active reintroduction of caribou to Banff is considered, we recommend cancelling 

prescribed fires within at least a 4km buffer of the current range of Banff caribou, 

and active suppression of natural fires. 

 

We emphasize that trade-offs between fire and caribou will extend beyond just old 

growth stands where caribou lichen biomass is highest. Despite the selection of caribou for old 

growth stands (only caribou in winter showed any substantial response to stand age in this 

analysis Section 5), and the correspondence between caribou spatial separation and long fire 

cycles shown in figure 9.6, many lower elevation areas of shorter fire cycles will be affected by 

management recommendations to minimize risk of fire to caribou.  Figure 9.6 shows that many 

100-150 year fire cycle forests in the Red Deer, Pipestone, and even Upper Bow valley fall 

within the range of the recently extirpated Banff caribou herd.  Therefore, any burns in these 

higher fire cycle forests will increase wolf and primary prey densities, and reduce spatial 

separation between wolves and caribou. The only way in which prescribed and natural fire can 
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continue to be consistent with caribou recovery is with integrated management of low 

density primary prey populations of deer, moose and elk, and reduced densities of wolves.  

 

We recognize that these recommendations are at odds with current fire management goals 

under the Banff and Jasper Park Management plans. However, our recommendations are made 

on the basis of the strong indirect effects of fire on caribou habitat and demographics that we 

report in this analysis. Until clearer goals for caribou recovery are articulated in a federal 

recovery plan for southern mountain caribou, we make these recommendations based on the 

assumption that Parks Canada, under the Species at Risk Act, will maintain all current (and 

potentially extirpated) caribou herds, similar to other federal and provincial caribou recovery 

plans.  

 

In their recovery plan for the Southern Mountain caribou in British Columbia, the BC 

Ministry of Environment identified several herds that would be “let go”, to decline to 

extirpation because the costs of recovery were deemed to be too high.  These ‘triage’ decisions 

were not made lightly, and considered the kinds of trade-offs identified in this report between 

forestry, human development, and management control. However, their decision making 

process was formally recognized and approved by the BC Government under their provincial 

Species at Risk Act. Until similar steps are taken for Southern Mountain Caribou in Banff and 

Jasper National Parks, it will be difficult to make transparent and publically acceptable decisions 

to ‘let’ certain caribou herds become extirpated.   Therefore, a key management 

recommendation of this report is to finalize the federal recovery plan and goals for southern 

mountain woodland caribou as required under the Species at Risk Act in cooperation with the 

lead agency, Environment Canada. 

Our report focused on how changes to fire management in the National Parks changed the 

spatial and seasonal overlap of wolves and other ungulates with caribou, and related changes in 

fire to potential population implications for caribou recovery. Given the limitations of any 

particular analysis, we did not address how changes to other management parameters, which 

our report helps to identify, affect caribou viability. For example, our report focused on how fire 

changes overlap of wolves and caribou, but did not investigate effects of changes to human 

activity or active management of primary prey populations through translocation or culling 

might also affect caribou viability. Likewise, we did not identify spatial density thresholds of 

primary prey and wolf densities for caribou viability.  The authors of this report recognize that 

recommendations vis-à-vis the management of fire and caribou viability must occur within a 

broader Parks Canada management plan and caribou recovery plan. Nonetheless, our report 

provides some clear guidelines and recommendations for maintaining caribou and fire given 

current ecological conditions that can be integrated into other Parks Canada management 

plans.   
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We also recognize that our recommendations come with several important caveats, 

knowledge gaps, and the need for integration with ongoing ecological integrity-based recovery 

actions. First, our results are valid for current ecological conditions given the datasets used in 

this report focused on approximately 2000, which represented low to moderate densities of 

wolves and elk in Banff, and moderate densities of wolves and primary prey in Jasper. 

Obviously, the strong negative effects of fire on caribou were mostly mediated through 

increased overlap with primary prey such as elk and moose. Therefore, at very low densities of 

elk and moose (and as we caution in our report, invading white-tailed deer) the negative 

indirect effects of fire would be reduced on caribou, provided wolf densities also 

correspondingly declined. Thus, our results are consistent with other management activities 

underway to reduce densities of nonmigratory (resident) townsite elk in Jasper and Banff. 

However, our results also highlight the increasingly important role of moose and white-tailed 

deer to wolf-prey dynamics in Jasper and Banff, respectively. The lack of knowledge about the 

role of moose in Jasper and white-tailed deer in Banff and Jasper represents a serious 

knowledge gap facing caribou recovery, and prevents the identification of wolf or prey densities 

for caribou viability. Thus, while consistent with other ecological integrity actions to maintain 

lower densities of ungulates, reducing townsite elk will not likely be enough to maintain 

prescribed burns within caribou home ranges and viable caribou populations. The management 

challenge of reducing white-tailed deer and moose densities suggests that at least for the near 

future, ecological conditions – and thus the negative effects of fire on caribou, will remain 

similar to our results.  
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Table 9.1.  Management implications of caribou habitat modeling for consideration of critical habitat 
and fire management in Banff and Jasper National Parks. Recommendations assume caribou 
population recovery is the management goal, and the definition of critical habitat adopted by 
the Boreal Critical Habitat review team (Environment Canada 2009), see section 9.5 above.  

Caribou herd Population 
Status 

Critical Habitat 
Implications 

Recommendations for Fire 

A La Peche Stable Critical habitat = current 
range 

Manage to avoid fire within the 
A La Peche caribou herd range 
 

Brazeau Declining Critical habitat = current 
range + restoration 

Manage to avoid fire within the 
Brazeau herd range + minimum 
of 4km buffer 
 

Banff Extirpated/ 
Reintroduction? 

Critical habitat = current 
range + restoration 

Manage to avoid fire within the 
Brazeau herd range + minimum 
of 4km buffer 
 

Maligne Declining Critical habitat = current 
range + restoration 

Manage to avoid fire within the 
Brazeau herd range + minimum 
of 4km buffer 
 

Tonquin Stable Critical habitat = current 
range 

Manage to avoid fire within the 
Tonquin caribou herd range 
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Figure 9.3. Recommended buffer zones for fire (and forestry) management to enhance caribou 
population recovery in the A La Peche caribou home range, Jasper National Park and Alberta. 
Conservatively, a minimum buffer of 4km surrounding the A La Peche caribou herd may be 
considered to ensure population growth. See Section 9.5 and 9.6.  
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Figure 9.4. Recommended buffer zones for fire (and forestry) management to enhance caribou 
population recovery in the Jasper-south caribou herds of the Tonquin, Maligne and Brazeau. 
Conservatively, a minimum buffer of 4km surrounding the Maligne and Brazeau herds is 
recommended to achieve population recovery, whereas to maintain a stable population, 
management of fires within the current range of the Tonquin herd is recommended. 
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Figure 9.5 Recommended buffer zones for fire (and forestry) management to enhance caribou 
population recovery in the Banff caribou herd. Conservatively, a minimum buffer of 4km 
surrounding the Banff herd is recommended to achieve population recovery.  
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Figure 9.6. Spatial separation (safe zones) between wolves and caribou during summer within the Banff 
caribou range as a function of target fire cylces. The trade-off between fire and caribou habitat 
protection may be facilitated by caribou selection for old forests with low fire frequency.  
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9.7  FUTURE RESEARCH 

9.7.1 Spatial Population Viability Analysis  

During the spring of 2009 the Banff herd was extirpated by a single avalanche.  DeCesare et 

al (2010) took this opportunity to conduct a population viability analysis (PVA) of caribou in the 

Banff and Jasper under current conditions and the future possibility of population 

augmentation.  Their findings were that only the Tonquin and A la Peche herds were viable and 

that the best candidate for augmentation may be the Banff herd.  However this process did not 

take into account habitat quality including spatial overlap with wolves and therefore did not 

specify possible population outcomes (i.e. carrying capacity). 

 

Linking animal abundance with RSFs is a recent extension of linear models and a recent 

focus in wildlife ecology (Boyce and McDonald 1999, Pearce and Ferrier 2001).  Boyce and 

McDonald’s (1999) technique extrapolates animal density to a broader landscape by combining 

RSFs, and therefore the probability of occurrence, and density from a reference population.  

This technique has been used to test hypothesis regarding density of grizzly bears, and 

woodland caribou (Boyce and Waller 2003, Ciarniello et al. 2007, Seip et al. 2007).  Other 

authors have built on Boyce and McDonald’s method by combining RSF derived population 

densities with spatially explicit survival models to identify source and sink habitats in order to 

help guide recovery of threatened species (Aldridge and Boyce 2007, Nielsen et al. 2008).  Any 

augmentation strategy for caribou in the National Parks may benefit from a similar exercise. 

 

Conservation of woodland caribou will depend on our ability to effectively monitor 

population trends and population dynamics (and the mechanisms acting upon them) within and 

among subpopulations across the species range.  DeCesare et al. (2010) used existing 

monitoring data collected in Banff and Jasper to assess the relationships between vital rates 

and population growth to guide conservation efforts.  Regardless of the addition of a spatial 

component to this work future PVA would benefit from further insight into 1) the relationship 

between vital rates (adult survival and recruitment) and population growth, 2) the power in our 

ability to monitor trends or changes in population growth rates using estimates of these vital 

rates from currently established protocols, 3) the effects of misclassification errors in calf-cow 

ratio data, and 4) calf and yearling survival and cause specific mortality rates. 
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9.7.2  Alternate Prey 

Within the Mountain National Parks the numerical response of wolves may be set mainly 

by non-migratory elk, and possibly moose found at low elevations.  However the effect of these 

prey populations is likely not constrained to low elevations when wolves migrate to high 

elevations following summer migration of primary prey (Kinley and Apps 2001, Wittmer et al 

2005, or when following partially migratory primary prey (Seip 1992).  The early seral 

vegetation following fire likely draws primary prey into disturbed areas about 3-4 years 

following fire. This ultimately leads to a higher wolf aggregative response in caribou summer 

range.  This modification may be detrimental to caribou where these areas increase the overlap 

of wolves and caribou, but conversely could also act as sinks or barriers for primary prey and 

wolves, in areas away from caribou. 

 

9.7.3 Wolf functional responses to caribou density 

Therefore, if wolf densities are lower in Banff compared to Jasper, as presently thought, 

the same amount of wolf – caribou overlap in Banff may lead to lower cause-specific mortality. 

This is a key knowledge gap remaining in our understanding of caribou-wolf dynamics, and is 

highlighted below in future studies, and is currently being addressed by our research group.  
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10.2 Reports 
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2010. Canadian Rockies Woodland Caribou Project: Final report, January 1, 2007 to December 31, 
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1. McDevitt, A. D. (2010) The role of landscape genetics in conserving and managing Canadian cervids. 
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2. Weckworth, B. V., McDevitt, A. D., Mariani, S., Hebblewhite, M., DeCesare, N. J., Morgantini, L., Seip, 

D., Musiani, M. (2009) Mixing it up after the Ice Age: post-Pleistocene genetic and behavioral dynamics 
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APPENDIX A. 2007 OPERATIONAL GUIDELINES FOR FIRE MANAGEMENT IN 

RELATION TO WOODLAND CARIBOU IN BANFF AND JASPER NATIONAL PARKS  

These guidelines were developed by Dr. Cliff White, Ian Pengelly, Brian Low, Mark Bradley, 

Landon Shepherd and other Parks Canada Biologists in Fall of 2006 in response to the proposed 

Little Pipestone prescribed burn unit proposed by Kootenay-Yoho-Lake Louise Field unit in 

summer of 2006.  

 

October 3rd, 2006 DRAFT VERSION 

 

Parks Canada has an overall stewardship responsibility to maintain ecological integrity. 

Restoring natural disturbance patterns through prescribed burning while ensuring woodland 

caribou (Rangifer tarandus caribou) populations persist requires strong collaboration between 

wildlife and fire managers. These guidelines are proposed to optimize benefits from fire while 

minimizing negative effects on woodland caribou. These guidelines outline specific actions that 

have been adopted beginning in 2006 and use recent research that represent the best available 

scientific understanding to inform an adaptive management approach. Further monitoring and 

study will be used to address areas of uncertainty and new information will by necessity change 

or alter these operational guidelines. These guidelines address short-term (yearly) strategic 

conservation measures and are meant to be partnered with longer term planning contained in 

Caribou recovery strategies and Fire Management Plans.  

 

2007 Operational Guidelines 

1. Caribou range is mapped and defined. 1 
Action: 

a) Caribou range has been defined based on habitat quality maps (created 
using Resource Selection Functions, topographic barriers, and telemetry 
locations)  

b) Moderate and high quality habitat out to a 6 km buffer downvalley of all 
recorded telemetry locations will delineate caribou range. 

c) Some areas containing high quality caribou habitat that are linked to range 
(defined in 1.b.) will also be managed as caribou habitat.  

2. An adaptive management approach for refining fire management in relation to 
caribou will be used. 2 

Action: 

a) Burning in the same valley as known caribou range requires 
implementation of formal monitoring of elk and wolves to support research 
examining fire/caribou/alternate prey/wolf research. This monitoring 
should have secured funding and be implemented before burning occurs.  
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b) For these valleys that support caribou, areas that have been assessed to 
have historic fire cycles less than 100 years will be the emphasis for 
prescribed burn efforts.  
 

3. Spatial separation of caribou and alternate prey will be promoted. 3 
Action: 

a) Prescribed burns that promote spatial separation of caribou and alternate 
prey will be a priority for fire management.  

b) Prescribed burns that may reduce spatial separation of caribou and 
alternate prey will not be implemented in 2006, but can be re-evaluated 
pending new research findings. This refers to all fires within caribou range, 
other than burns for guard creation or whitebark pine research. 
 

4. Reasonable precautions to reduce any direct caribou mortality from prescribed fire 
ignition will be taken.  

Action: 

a) As part of prescribed burn planning, surveys will be conducted (tracks, 
aerial, radio-telemetry) in areas adjacent to identified caribou range.  

b) Before ignition, visual and telemetry survey flights will be used to assess 
potential caribou presence in the proposed burn area. If caribou are found 
within a proposed burn area, ignition may only proceed in collaboration 
with the wildlife biologist responsible for caribou in that range or the 
wildlife manager’s designate.   
 

5. No large-scale prescribed burning will occur within caribou range unless future 
research identifies this as an appropriate caribou conservation action. 4 

Action: 

a) Only small scale prescribed burns will be conducted for guard creation or 
Whitebark Pine research within caribou range.  

b) Fire guards and supplementation of natural fuel breaks that would limit fire 
spread within caribou range will be planned and created.  
 

6. Wildfires in caribou range will be managed to minimize impact to caribou habitat. 5 
Action: 

a) Caribou range will be zoned as an intermediate response zone. 
b) In the event of wildfires occurring within caribou range, the Fire Analysis 

will be conducted in collaboration with the wildlife biologist responsible for 
caribou in that range or the wildlife manager’s designate. 
 

7. Fire and wildlife managers from Jasper, Banff, and Kootenay/Yoho/Lake Louise Parks 
will collaborate on funding submissions to support research for the caribou and fire 
adaptive management strategy. 6 

Action: 
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a) Begin monitoring elk and wolf distribution and population trend responses 
in relation to fires of different sizes and severity.  
 

8. Primary prey relocation or culling measures will be considered if prescribed burning 
measures result in a significant increase to primary prey population size. 7 

Action: 

a) Begin monitoring elk and wolf distribution and population trend responses 
in relation to fires of different sizes and severity. 

b) Elk populations that increase in areas where human use likely creates a 
predation refugia will be evaluated for removals.   
 

9. These operational guidelines will be re-evaluated annually in September.  
Action: 

a) A collaborative meeting will occur in September  to allow sufficient time to prepare 
funding submissions and plans for the subsequent prescribed burn season. 

 

Footnotes and Discussion: 

1 The 6km buffer is the calculated 95th percentile of daily distance travelled by caribou 

collared from 2001-2004. Additional patches of habitat east of caribou range should be 

considered to account for poor snow conditions that make winter foraging by caribou more 

difficult. Topographic barriers (terrain restrictions) may limit caribou range. Caribou range maps 

are based on telemetry locations, historic use patterns, and resource selection function 

mapping. 

 
2 Low-elevation montane areas with southwest aspects may be considered for prescribed 

fires because these areas tend to be preferred wolf movement zones (Whittington et al. 2005), 

are avoided by caribou (Shepherd 2006), and tend to support lower lichen abundance 

(Shepherd 2006). 

 
3 Reduced spatial separation of caribou from alternate prey and predators is thought to be 

the primary reason for caribou population decline in Alberta and British Columbia (Seip 1992, 

Rettie and Messier 2000, Kuzyk 2002, McLoughlin et al. 2003, James et al. 2004, Lessard et al. 

2005, Wittmer et al. 2005). Moose, elk, and wolves have been shown to be attracted to 

recently burned areas (Gasaway et al. 1989, MacCracken and Viereck 1990, Peck and Peek 

1991, Turner et al. 1994, Pearson et al. 1995, Ballard et al. 2000, Fuller and DeStefano 2003). It 

is unknown what size, severity, and intensity of burn will attract alternate prey in sufficient 

numbers (Hebblewhite and Pletscher 2002) to alter predator distributions and for how long 
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these burned areas are attractive to alternate prey. These are questions that require better 

understanding before implementing large-scale prescribed burns within caribou range.  

 
4 Fire guards will help allow control of large and intense wildfire events that would remove 

critical caribou habitat. Work on these guards should occur when caribou are less likely to be 

below treeline (May to October). Again, subsequent research needs to identify what size and 

type of burn within caribou range will attract sufficient numbers of alternate prey to attract 

wolves (Hebblewhite and Pletscher 2002). Guard creation that doesn’t create improved 

ungulate habitat is preferred (e.g. emphasis on topography or landforms that would remain 

poor habitat). 

 
5 A priority for the fire analysis will be to limit fire spread in caribou habitat. Recent 

research on caribou habitat requirements in relation to historical fires found that caribou avoid 

stands that are younger than 1925AD stand origin (Shepherd 2006).  Planning for and creating 

fire guards will be necessary to ensure that future large wildfires do not eliminate significant 

portions of critical caribou range. 

 
6 Coordinated funding proposals will be pursued involving resource management personnel 

from Jasper, Banff, and Kootenay/Yoho/Lake Louise national parks.  

 
7 Primary prey increases would allow for higher wolf populations and this increases risk to 

caribou. Predator refugia occur where human use displaces wary carnivores. Recent research 

has indicated that a reduction of primary prey is likely the best single measure to ensure long-

term persistence of caribou populations (Lessard et al. 2005). 
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APPENDIX B. DIGITAL APPENDICES INCLUDING LISTS OF DIGITAL FILES INCLUDED 

IN THE FINAL REPORT PACKAGE  

Data sharing agreements limit our ability to provide some GIS layers used in modeling (i.e. 

landcover classifications).  However all projected RSF layers, as well as figures presented in this 

report (see List of Figures page xvii) are provided. 

1. Landcover RSF Layers. 

Species Season Layer 
Name 

Explanation 

Moose Summer ms_glm Moose summer glamm model, continuous response. 

  ms_bin Moose summer RSF binned into 10 equal categories. 

 Winter mw_glm Moose winter glamm model, continuous response 

  mw_bin Moose winter RSF binned into 10 equal categories. 

    

Elk Summer mes_glm Migratory elk summer glamm model, continuous response 

  mes_bin Migratory summer RSF binned into 10 equal categories. 

  nmes_glm Nonmigratory elk summer glamm model, continuous response 

  nmes_bin Nonmigratory elk summer RSF binned into 10 equal categories 

  ces_glm Combined migratory and nonmigratory elk summer glamm model, 
continuous response 

  ces_bin Combined migratory and nonmigratory elk summer RSF binned into 
10 equal categories. 

 Winter ecw_glm Elk combined winter glamm model, continuous response 

  ecw_bin Elk combined winter RSF binned into 10 equal categories. 

    

Caribou Summer cs_glm Caribou summer glamm model, continuous response. 

  cs_bin Caribou summer RSF binned into 10 equal categories. 

  cs_bin8 High quality summer caribou habitat.  Classified as an RSF value of 8 
or better (i.e. cs_bin reclasified to 1s and 0s). 

 Winter cw_glm Caribou winter glamm model, continuous response 

  cw_bin Caribou winter binned model into 10 equal categories 

  cw_bin8 High quality winter caribou habitat.  Classified as an RSF value of 8 or 
better (i.e. cs_bin reclasified to 1s and 0s). 

Wolf Summer ws_glm Wolf summer glamm model, continuous response. 

  ws_bin Wolf summer RSF binned into 10 equal categories. 

 Winter ww_glm Wolf winter glamm model, continuous response. 

  ww_bin Wolf winter binned model into 10 equal categories. 
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2.  Stand Age  RSF Layers. 

Species Season Layer Name Explanation 

Moose Summer ms_age Moose summer response to stand age as a continuous variable. 

  ms_age_bin Moose summer stand age RSF binned into 10 equal categories. 

 Winter mw_age Moose winter response to stand age as a continuous variable. 

  mw_age_bin Moose winter stand age RSF binned into 10 equal categories. 

    

Elk Summer mes_age Migratory elk  summer response to stand age as a continuous 

variable. 

  mes_age_bin Migratory elk summer stand age RSF binned into 10 equal 
categories. 

  nmes_age Nonmigratory elk  summer response to stand age as a continuous 

variable. 

  nmes_age_bin Nonmigratory elk summer stand age RSF binned into 10 equal 
categories. 

  ces_age Combined elk  summer response to stand age as a continuous 

variable. 

  ces_age_bin Combined elk summer stand age RSF binned into 10 equal 
categories. 

 Winter ecw_age Elk combined winter response to stand age as a continuous 

variable. 

  ecw_age_bin Elk combined winter stand age RSF binned into 10 equal 
categories. 

    

Caribou Summer cs_age Caribou summer response to stand age as a continuous variable. 

  cs_age_bin Caribou summer stand age RSF binned into 10 equal categories. 

 Winter cw_age Caribou winter response to stand age as a continuous variable. 

  cw_age_bin Caribou winter stand age RSF binned into 10 equal categories. 

    

Wolf Summer ws_age Wolf summer response to stand age as a continuous variable. 

  ws_age_bin Wolf summer stand age RSF binned into 10 equal categories. 

 Winter ww_age Wolf winter response to stand age as a continuous variable. 

  ww_age_bin Wolf winter stand age RSF binned into 10 equal categories. 
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3.  Burn Layers. 

Layer Name Explanation 

burn Current burn layer, fires occuring since 1950. 

newburn Burn layer plus planned prescribed fires. 

burn_buf 1% wildfires within 14km buffer of caribou home ranges combined 

with current burn layer. 

burn_int 1% wildfires contained within caribou home ranges, combined with 

current burn layer. 

plan_fire Planned prescirbed fires within Banff and Jasper 

int_fire 1% wildfires within each caribou home range. 

buf_fire 1% wildfires contained within a 14km buffer surounding each wildlifre. 

 

4. Caribou-wolf spatial overlap and safe zones 

Season Layer 

Name 

Explanation 

Summer sum_ovrlp Caribou and wolf summer overlap.  Difference between caribou 

summer binned caribou RSF and wolf summer binned RSF (i.e. cs_bin - 

ws_bin) 

 sum_ovrlp5 Summer safe zones delinated by a cut point of 5 from the summer 

overlap layer (i.e. sum_ovrlp reclasifed to 1s and 0s with values of 5 or 

better equal to 1) 

Winter win_ovrlp Caribou and wolf winter overlap.  The difference between winter 

binned caribou RSF and wolf winter binned RSF (i.e. cw_bin -ww_bin) 

 win_ovrlp5 Winter safe zones delineated by a cut point of 5 from the winter 

overlap layer (i.e. win_ovrlp reclasifed to 1s and 0s with values of 5 or 

better equal to 1) 

 


