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ABSTRACT 

Wood bison (Bison bison athabascae) were reintroduced into southwestern Yukon as part 
of a national recovery program in the late 1980s. The Yukon Bison Management Plan 
identified potential impacts of the reintroduced bison on other ecosystem components as 
a priority management issue. In particular, local residents expressed concern for the 
indirect effects of bison on the Aishihik woodland caribou (Rangifer tarandus caribou) 
herd resulting from competition for space and forage during late winter. This project 
assessed the potential for exploitative competition between bison and caribou by 
determining resource selection (i.e., use vs. availability) and overlap in resource use 
across 3 spatial scales: the landscape, habitat, and feeding site. Additionally, bison and 
caribou diets were analyzed and overlap in forage species use was assessed. 

Results indicated that bison and caribou used resources in a non-random and selective 
manner at the levels of the landscape, habitat, and feeding site. The diet of both species 
suggested preferences for several plant species. Bison and caribou differed significantly 
in many aspects of resource use and selection at each level of analysis. At the level of the 
landscape, compared to bison, caribou used higher elevations, and areas that were more 
rugged and further from water. Similar trends were also evident at the habitat level. 
Bison selected for graminoid-dominated habitats and caribou selected for 
coniferous/shrub-dominated habitats. Overlap in resource use at the feeding site level 
was also minimal since bison selected to forage in areas with high graminoid abundance 
while caribou foraged in areas with high lichen abundance. The overlap in the diet of 
bison and caribou was less than 10%; lichens made up nearly 80% of caribou diets while 
over 80% of bison diets consisted of graminoids. Consequently, under current conditions 
the potential for exploitative competition between bison and caribou in the late winter is 
low. 

Management recommendations were developed based on these findings to address 
uncertainties in bison and caribou late winter resource selection and overlap and to 
address local concerns regarding the impacts of bison. Recommendations involved: 
disseminating results of this study to the local public and other affected parties; 
periodically monitoring local knowledge and concerns about bison (including interactions 
between bison and caribou); analyzing fall diets of bison; determining the numerical 
response of wolves and impacts on caribou i f wolves begin to prey on bison; and, 
monitoring resource use by bison and caribou i f they approach the carrying capacity of 
the Aishihik Lake area. 

K E Y WORDS: Wood Bison, Bison bison athabascae, Woodland Caribou, Rangifer 
tarandus caribou, Competition, Resource Selection, Spatial Scale, Yukon. 
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DOCUMENT ORGANIZATION 

This Master's Degree Project (MDP) is divided into 3 Chapters and 5 Appendices. 

Chapter 1: Introduction. 

In Chapter 1 I outlined the purpose, objectives, significance and approach for this MDP. 
I also provided a brief history of wood bison and their reintroduction into the Yukon as 
well as the current status of wood bison and woodland caribou in the Aishihik Lake area. 
I also discussed the theory behind competition and resource selection. 

Chapter 2: Wood bison and woodland caribou and late winter resource selection and 
overlap. 
In this Chapter I provided information about the study area and outlined field data 
collection methods and analyses used to define woodland caribou and wood bison 
resource selection and overlap (Objectives 1 and 2). In light of the results of this study, I 
evaluated the potential for competition between bison and caribou and discussed the 
management implications of the results. Other considerations regarding current and 
future late winter resource selection by bison and caribou were also summarized. 

Chapter 3: Bringing together science, local knowledge and management in the Yukon — 
development of management recommendations. 
In this final Chapter I discussed the management recommendations developed as a part of 
this M D P (Objective 3). I also included additional information used to inform the 
development of recommendations including: a summary of the Yukon wildlife 
management planning process; a description of the current plans used for managing bison 
and caribou; and a summary of the information gathered during local knowledge 
interviews. 

Appendices 1-4: 
These appendices provided supplemental information to the methods and results of 
Chapter 2. 

Appendix 5: Local knowledge of wood bison and woodland caribou in the Aishihik Lake 
area, Yukon (Summary of information collected during local knowledge interviews). 
In Appendix 5,1 included detailed summaries of the interviews conducted by Champagne 
and Aishihik First Nation to obtain local knowledge of the Aishihik bison and caribou 
herds. 
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The reintroduction of a large mammal to an area from which it was 
absent for several hundred years will have an impact on the 
ecosystem. This impact may affect the terrain, the vegetation and 
other animals and people living in the area. 

- Yukon Territorial Government (YTG) 1998:9. 
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CHAPTER 1: Introduction 

1.1 BACKGROUND 

1.1.1 Recent History of Wood Bison in Canada 

Wood bison (Bison bison athabascae), a subspecies of the North American bison (Bison 

bison), is the largest terrestrial mammal in North America. Similar to the plains bison 

(Bison bison bison), the wood bison was pushed to near extinction late in the 19 t h century 

(Gates et al. 2001). Historically, wood bison range included most of Alaska, Yukon, 

southwestern Northwest Territories (NWT), northwestern Saskatchewan, northern 

Alberta and northeastern British Columbia (Reynolds and Gates 1991). In the early 

1800s, there were approximately 160,000 wood bison in North America (YTG 1998). By 

1891, only 300 wood bison remained between the Peace-Athabasca Delta, Alberta and 

Great Slave Lake, NWT (Ogilvie 1893 as cited by Gates et al. 2001). The population 

was estimated to be only 250 wood bison by 1900 (Soper 1941). It is believed that a 

reduction in bison habitat caused by successional changes from cold steppe to spruce 

forest followed by the fur trade and the introduction of firearms, likely caused the decline 

in wood bison numbers (YTG 1998). Conservation measures, such as the establishment 

of Wood Buffalo National Park (WBNP) in N W T and northern Alberta, resulted in 

recovery by the 1920s. Despite subsequent hybridization with plains bison and the 

introduction of reportable cattle diseases (i.e., bovine tuberculosis and brucellosis) to 

WBNP, recovery of wood bison is occurring in several areas of Canada (Gates et al. 

2001). 

According to the National Recovery Plan for the Wood Bison (Gates et al. 2001) 

reintroduction efforts have occurred in several locations of the wood bison's original 

range in Canada including the southwestern Yukon. In 1988, wood bison were 

downlisted from "endangered" to "threatened" status on the Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC) list. By 1999-2000, there were an estimated 
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2800 wood bison in six free-ranging, disease-free herds; approximately 840 in six captive 

breeding herds; and, just under 3000 in four diseased, free-ranging herds. A n additional 

500 to 700 wood bison were in privately owned commercial herds. However, these 

commercial herds are not regarded as contributing to recovery under the national 

recovery program. The national recovery plan outlines goals and objectives to achieve 

further recovery of wood bison. One of these goals is to establish at least four free-

ranging, disease-free herds in Canada of at least 400 animals in each. The National 

Wood Bison Recovery Team hopes to eventually delist wood bison from COSEWIC 

altogether (Gates et al. 2001). 

1.1.2 Recent History and Reintroduction of Wood Bison in the Yukon 

According to Lotenburg (1996), evidence from traditional knowledge and written records 

indicate that wood bison were relatively abundant in the Yukon until about 400 years 

ago. This subspecies began to decline about 300 years ago with the last remnant 

populations of bison disappearing from the territory by the middle of the 1900s. 

Evidence indicates that bison occurred mainly in the eastern Yukon, although individuals 

may have dispersed to other areas of the territory. Stephenson et al. (2001) describe a 

similar history of wood bison in Alaska. Humans likely played a significant role in the 

extinction of wood bison in Alaska and Yukon (Stephenson et al. 2001). 

In 1980, as part of the national recovery effort, the Yukon Territorial Government (YTG) 

made the commitment to establish a viable, free-ranging wood bison herd (YTG 1998). 

The Nisling River Valley, 80 km west of Carmacks (Figure 1.1), was deemed to be the 

most suitable range for wood bison by the Canadian Wildlife Service (CWS) (Reynolds 

et al. 1982) and lies within prehistoric wood bison range (Reynolds and Gates 1991). 

From 1986 to 1992, 170 wood bison were relocated to the Nisling River Watershed into 

an enclosure (bison corral) and released into the wild from 1988 to 1992. While the 

CWS identified the Nisling River area as being the most suitable bison habitat in the 

Yukon, bison did not disperse fully into this area after being released from the enclosure. 

Presently, the distribution of this herd includes only the upper Nisling watershed and 
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areas southward through the Aishihik Lake and Sekulmun Lake area to the Hutshi Lake 

drainages. Extrapolating from CWS's range assessment of the Nisling area, the area 

currently occupied by bison should support about 1000 individuals (YTG 1998). Since 

reintroduction, the wood bison herd has grown at a rate of 15 to 20% per year (YTG 

1998). However, the herd is currently being limited to 500 animals through permit 

hunting until information is gathered on how bison affect other animals, the land, and the 

people around them. In the absence of effective prédation, hunting, which was initiated 

in 1998, is the primary means of herd control (YTG 1998). The Yukon wood bison 

population is significant to the recovery of this subspecies in Canada because it is one of 

only two disease-free herds that have reached the minimum size (400 individuals) 

prescribed by the National Wood Bison Recovery Team (Gates et al. 2001). 
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1.1.3 Woodland Caribou in the Yukon: the Aishihik Herd 

Woodland caribou (Rangifer tarandus caribou) are a subspecies of reindeer/caribou 

(Rangifer tarandus). In the Yukon, there are approximately 28,000 to 35,000 woodland 

caribou in 22 recognizable herds with populations of 180 to 10,000 individuals (Farnell et 

al. 1998). The differentiation between herds is based on their use of a traditional range 

(YTG 1996). Yukon woodland caribou are classified as the mountain/terrestrial ecotype 

due to their foraging behaviour (Edmonds 1991). 

Locally, the Aishihik woodland caribou herd, situated in the Ruby Ranges and Aishihik 

Lake area of southwestern Yukon, is an important resource for subsistence hunters 

(Farnell et al. 1998). However, during the 1980s both scientific and traditional/local 

information indicated that the Aishihik herd was declining substantially (Hayes 1992). In 

1981, this herd was estimated to be approximately 1,500 individuals, and in 1992, the 

herd was estimated at 583 animals (Farnell et al. 1996). Over-harvesting by people may 

have precipitated this decline (Spence 1998). In 1990, all hunting, both for subsistence 

and sport, was ceased. Nevertheless, without further intervention it was likely that the 

herd would continue to decline to very low densities (Hayes 1992). Therefore, in 1993 

an intensive Aishihik Recovery Program was initiated (Farnell et al. 1998). The 

Recovery Program included a five-year wolf reduction program which involved 

decreasing the wolf population by 80% of the pre-control population size in the Aishihik 

Lake area. While the program was successful (i.e., the Aishihik caribou herd increased 

in size), it was controversial both nationally and internationally since it involved the 

lethal control of wolves (Farnell et al. 1998). Consequently, research also focused on 

non-lethal control methods. From 1994 to 1998, 7 wolf packs in the Aishihik Lake area 

were subjected to fertility control (i.e., sterilization) to slow the recovery of wolves in the 

area (Spence 1998). The Aishihik woodland caribou herd was last estimated at 1,200 

individuals in March of 1997 (YFWMB 2000). The long-term population goal for the 

Aishihik caribou herd is approximately 2,500 individuals (Hayes 1992). 
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1.2 L O C A L CONCERN: POTENTIAL IMPACTS OF BISON 

In 1998, a Yukon [Wood] Bison Management Plan (YTG 1998) was developed through 

local consultation. This plan identified potential impacts of the reintroduced wood bison 

on other ecosystem components as a priority management issue. The Champagne-

Aishihik First Nation (CAFN) and other local residents living near the Yukon's Aishihik 

Lake watershed expressed concern over the potential effects of the reintroduced bison on 

the land and other wildlife. In particular, local residents were concerned about the 

indirect effects of wood bison on the Aishihik woodland caribou resulting from 

interspecific competition for late winter forage and space. 

1.3 COMPETITON AND RESOURCE SELECTION 

A resource is defined as anything needed by an animal to help satisfy its life requirements 

(Caughley and Sinclair 1994). Interspecific competition occurs when individuals from 

different species use the same resources that are in short supply; or, i f commonly used 

resources are not in short supply, competition occurs when one species is affected by 

another species when seeking resources (Birch 1957). There are two main types of 

interspecific competition: exploitative competition and interference competition 

(Caughley and Sinclair 1994). Exploitative competition occurs when one species uses a 

resource so that it is less available to another species. This type of competition includes 

both consumption and occupation of a resource. For exploitative competition to occur, 

individuals do not need to be present at the same time. Interference competition, 

although relatively uncommon, involves direct interactions between individuals resulting 

from various types of behaviour (Caughly and Sinclair 1994). This type of competition 

occurs when a dominant species causes direct harm to another species through 

behavioural, physical, or chemical mechanisms. For example, this may be displayed 

through direct attacks or threatening behaviour by the dominant species. Therefore, 

interference competition prohibits the use of a resource by one species but may not 

remove the resource from the area (Stewart et al. 2002). While overlap in resource use is 

necessary to demonstrate competition it is not sufficient, since the common resource must 
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be in short supply or one species harms another (Caughley and Sinclair 1994). 

Understanding how resource use influences the distribution of large mammals is essential 

for investigating patterns of resource partitioning and competition (Cooke 1997). 

Animals rarely, i f ever, forage at random (Schaefer and Messier 1995). It is assumed that 

a species will choose to use high quality resources, those that are best able to satisfy life 

requirements, over low quality resources. This choice is known as resource selection and 

is defined as the disproportionate use of resources relative to their availability (Manley et 

al. 1993). Use is defined as the amount of a resource utilized by an animal in a fixed 

period of time and availability as the accessibility of that particular resource to the animal 

over the same period of time (Johnson 1980). Resource selection can be evaluated using 

three comparisons: 1) used resources to available resources, 2) used resources to unused 

resources, and 3) unused resources to available resources. Resource availability may not 

be uniform and the use of a particular resource may change relative to availability; 

therefore, to draw valid conclusions regarding resource selection, resource use should be 

compared to unused or available resources (Manley et al. 1993). 

Resource selection by and the distribution of large mammals can be influenced by several 

factors including: forage requirements, forage availability and distribution within 

habitats, microclimate, predator avoidance, insect harassment, season (e.g., rut, calving, 

winter), social behaviour (Larter 1988); characteristics of topography (e.g., terrain 

ruggedness) (Nelleman 1996); and human disturbances (Dzus 2001). Moreover, 

selection may be driven by different factors depending on the scale of investigation (Dil 

and Klein 2001). For example, the distribution of an animal at the landscape level may 

be most influenced by risk of prédation while the distribution of feeding sites within a 

habitat patch may be most influenced by the abundance of a preferred forage species 

(Rettie and Messier 2000). Therefore, selection can be viewed as a hierarchical process 

whereby animals make selection decisions at different scales (Johnson 1980). Since 

resources driving selection may differ depending on the scale of study, it is therefore 

possible for overlap in resource use of sympatric herbivores to be more evident at one 

level of selection than at another (Ihl and Klein 2001). 
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1.4 PURPOSE 

As previously mentioned, local residents in the Aishihik Lake area expressed concern 

regarding the indirect effects of wood bison on the Aishihik woodland caribou herd 

resulting from competition for late winter forage and space. While bison and caribou 

overlap spatially in other regions of their northern range (i.e., southern NWT and 

northern Alberta), comparative studies of resource selection by wood bison and woodland 

caribou have not been conducted. Late winter ranges are considered critical habitat for 

woodland caribou (Farnell et al. 1991) since this time of year is when resource 

availability is most often limited. 

Therefore, the purpose of this MDP was twofold: 

1. To assess the potential for exploitative competition between the Aishihik woodland 

caribou and wood bison in the late winter; and, 

2. To develop management recommendations, based on results and conclusions of this 

MDP, which are complementary to current wildlife management strategies in the 

Yukon. 

1.5 OBJECTIVES 

There were three main research objectives for this project. These were to: 

1. Define bison and caribou late winter resource selection at the levels of the landscape, 

habitat, and feeding site, and to assess use of forage species; 

2. Evaluate the potential for exploitative competition between bison and caribou by 

assessing overlap in resource use at the level of the landscape, habitat, feeding site 

and forage species; and, 

3. Use both science and local knowledge to develop management recommendations 

which reflect the conservation needs of bison and caribou and concerns of the local 

human community. 
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1.6 PROJECT APPROACH 

1.6.1 Addressing a Local Concern 

This study was carried out to address the local concern that bison and caribou may 

compete for space and forage in later winter. Several steps were taken to ensure that the 

project goals and objectives did in fact address this local community concern, including: 

meetings with local managers from Y T G and C A F N to discuss study design and 

progress; attending wildlife management planning workshops for the Aishihik area; 

discussing project progress with the Alsek Renewable Resource Council (responsible for 

facilitating communication between the local communities in the Aishihik Lake area and 

government bodies); presenting preliminary findings to the Yukon Fish and Wildlife 

Management Board (responsible for overseeing all management strategies in First Nation 

Traditional Territories); and analyzing local knowledge interviews conducted to acquire a 

better understanding of the relationship between bison and other wildlife. 

1.6.2 Evaluating the Potential for Competition (Chapter 2) 

Resource use needs to be considered in the context of resource availability to generate 

inferences about animal distribution and behaviour. Consequently, I determined bison 

and caribou resource selection (i.e., use vs. availability) in addition to their overlap in 

resource use. This approach provided a greater understanding of the influences 

underlying their distribution patterns and insight into the assessment of the potential for 

competition between bison and caribou. 

Furthermore, no single scale of study is considered appropriate for defining resource 

selection (Schaefer 1998) since selection may be driven by scale-specific criteria (Ihl and 

Klein 2001). It is recommended that a minimum of three scales be examined since 

patterns observed at one scale may be confined by choices made at larger scales and may 

also be explained by processes occurring at smaller scales (O'Neill et al. 1986, Schaefer 

1998). Therefore, in addition to analyzing the diet of bison and caribou and assessing 

overlap in forage species use, I evaluated bison and caribou resource selection and 

overlap at 3 hierarchical scales: the landscape, habitat, and feeding site. Each 

8 



progressively smaller scale was nested within the scale above (e.g., the habitat level was 

nested within the landscape level, feeding site level was nested within the habitat level). 

In this manner, evaluating resource selection and overlap at multiple scales would allow 

for a more thorough assessment and evaluation of the potential for competition. 

1.6.3 Developing Management Recommendations (Chapter 3) 

Hayes (2000, pg. 24) remarked that: 

[t]he unique nature of the Yukon, its history and its communities has lead [sic] to 
an approach to renewable resource co-management that differs from other 
northern regions. This approach brings all people, regardless of their cultural 
backgrounds, together with the different responsible government agencies to 
manage their local environment. 

To develop management recommendations which will be useful for local managers 

requires an understanding of how wildlife is managed in the Yukon. Additionally, both 

science and local knowledge play an essential role in the Yukon's community-based 

resource management process (Hayes 2000). Consequently, I reviewed the wildlife 

management planning process in the Yukon and management plans currently used for 

managing bison and caribou, as well as local knowledge of bison and caribou in the area, 

to inform the development of management recommendations based on the results and 

conclusions of this study. 
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CHAPTER 2: Wood Bison and Woodland Caribou Late Winter 

Resource Selection and Overlap 

2.1 INTRODUCTION 

With the reintroduction of wood bison in the southwestern Yukon came many local 

concerns regarding the potential impacts of bison on the land and other wildlife. One of 

these concerns was related to the indirect effects of wood bison on the Aishihik woodland 

caribou herd resulting from competition for late winter forage and space. This study 

assessed the potential for competition between bison and caribou by evaluating resource 

selection and overlap in resource use between these two species across several scales. 

Variables used to determine bison and caribou resource selection were chosen based on 

their importance to and influence on the late winter resource selection and distribution of 

these two ungulates (as identified in the literature). Also considered was the feasibility of 

measuring these variables within the scope of this research and within the context of the 

study area. 

Defining resource selection is a function of scale (Knight and Morris 1996). At larger 

scales of investigation (i.e., landscape and habitat levels), several key characteristics of 

topography are frequently used to determine resource selection and for characterizing 

distribution patterns of large mammals, including: elevation, slope, aspect, and terrain 

ruggedness (e.g., Poole et al. 2000, Terry et al. 2000, Apps et al. 2001, Theberge 2001). 

These physical features can influence movement patterns of animals (e.g., steep slopes 

can be barriers to bison movement (Mitchell 2002)), the composition and structure of 

plant communities, and snow accumulation patterns (Nelleman and Cameron 1996). The 

distribution of lakes and rivers across the landscape can also influence animal movement 

patterns. During winter caribou will traverse frozen lakes and rivers since they provide 

routes requiring less energetic travel (Kelsall 1960). Caribou also use open habitat (such 

as frozen lakes) to increase their ability to detect and escape predators (O'Donoghue 

1996, Ouellet et al. 1996a). Furthermore, characterizing vegetation community types 
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available to large herbivores are important for understanding their patterns of distribution 

and selection. For example, selection of certain habitat types may not only be related to 

the availability of preferred forage species but also to exposure to prédation risk, snow 

cover, insect avoidance, and summer thermal cover (Rettie et al. 1997). 

At smaller scales (i.e., feeding site) characteristics of understory vegetation and snow are 

often used to describe the habitat patches within which ungulates forage (e.g., 

Biddlecomb 1992, Wilson 1992, Schaefer and Messier 1995, Ihl and Klein 2001). Bison 

are grazers and generally forage on graminoids during winter (Reynolds et al. in press) 

whereas woodland caribou in the Yukon forage on terrestrial lichens, not on arboreal 

lichens, during winter (Kuzyk et al. 1999). Therefore, measuring the proportion of 

available ground cover vegetation within habitat patches used by these two species is 

important for characterizing patterns of feeding site selection. Snow characteristics such 

as depth or density can limit the availability of forage and, therefore, influence bison and 

caribou selection of feeding sites (Reynolds and Peden 1987, Adamczewski et al. 1988, 

Larter and Gates 1991, Tucker et al. 1991, Schaefer 1996). Additionally, understanding 

an animal's diet is central to providing insight into its patterns of resource selection 

(Brown and Morgan 1995). Consequently, depending on the scale of investigation, I 

used several characteristics of topography (i.e., elevation, aspect, slope, terrain 

ruggedness, and proximity to water), vegetation (i.e., habitat type, percent ground 

vegetation cover, and forage species), and snow (i.e., depth and hardness) to evaluate the 

potential for competition between bison and caribou in the Aishihik Lake area. 

Resource selection by and the distribution of large mammals can be influenced by several 

factors other than resource availability. Prédation, for example, can influence spatial and 

habitat use patterns of caribou (Bergerud et al. 1984, Bergerud 1985). However, 

evaluating patterns of wolf distribution within the Aishihik Lake area would not have 

been feasible for this study. While human activity can influence the distribution of bison 

(Mitchell 2002) and caribou (Dzus 2001) the Aishihik Lake area was relatively 

unaffected by human activities, therefore, variables related to human disturbances were 

not considered for this study. 
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2.2 STUDY AREA 

The study area was located in the Aishihik Lake area in southwestern Yukon within the 

Ruby Range Ecoregion (Oswald and Senyk 1977) approximately midway between the 

City of Whitehorse and Kluane National Park (Figure 2-1). The area lies in the rain 

shadow of the St. Elias Mountains and is characterized by an arid, windy, cold-

continental climate. From 1976-1993, late winter snow accumulation averaged 47.7 cm 

and annual average winds exceeded 9.2 km/hr at a local snow station at 1160 m above 

sea level (asl) (Wahl et al. as cited by Farnell et al. 1996). Average late winter 

temperatures from 1971 to 2000 at another local weather station (61.2,137.3; 829.7 m asl) 

were -16.4 °C in January to -7.3 °C in March (Environment Canada 2002). Elevations 

range from 685 m asl to a maximum of 2100 m in the Ruby Ranges located west of 

Aishihik Lake. 

Major rivers in the study area include the Nisling River and Aishihik River. Major Lakes 

include Aishihik Lake, Sekulmun Lake, Hutshi Lake, and Kluane Lake. The area is 

characterized by poor drainage in the valley bottoms (Spence 1998). Vegetation cover 

includes alpine regions (1300 m asl), white spruce (Picea glauca) forests and woodlands, 

and willow (Salix spp.) and dwarf birch (Betula glandulosa) dominated shrublands with 

meadows dispersed throughout. 

Other species of ungulates inhabiting the region are Dall's sheep (Ovis dalli), moose 

(Alces alces) and mountain goat (Oreamnos americanus). Large predatory mammals are 

wolves (Canis lupus), grizzly (Ursus arctos) and black bears (Ursus americanus), 

coyotes (Canis latrans), fox (Vulpes vulpes), wolverine (Guio gulo), and lynx (Lynx 

lynx). 

Human development in the region includes Aishihik village, situated at the north end of 

Aishihik Lake, and an all season road running along the eastern shore of Aishihik Lake to 

serve a hydroelectric development on the lake. The Aishihik woodland caribou and wood 

bison occur in the Champagne and Aishihik, Kluane, and Little Salmon/Carmacks 

Traditional Territory (YFWMB 1999). As of 1997, both the Champagne and Aishihik 
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First Nation and Little/Salmon Carmacks First Nation had established Self-Government 

Agreements. 

2.3 METHODS 

2.3.1 Landscape Selection and Overlap 

Animal Locations & Accuracy: 

Since the late 1980s, the Fish and Wildlife Branch of the Yukon Department of 

Renewable Resources (YDRR) 1 has surveyed wood bison and woodland caribou and has 

developed radiotelemetry-location databases. These locations were used by Y D R R to 

delineate the distribution of wood bison and woodland caribou and monitor the 

population size of these two species in the Aishihik Lake area. For this study, these 

databases were used to determine overlap in home range extent and to provide a coarse 

assessment of resource selection and overlap between bison and caribou. Only late 

winter locations (i.e., between January 15 and April 15) recorded during census surveys 

were used in analyses. During these surveys the recorder for Y D R R obtained visual 

confirmation of the location of the animal (or groups of animals) making these locations 

the most accurate in the database. Only one census survey was conducted during the late 

winter and surveys were not conducted on an annual basis (Table 2-1). As a result, 

locations were temporally independent and therefore not autocorrelated. The late winter 

locations were considered to be accurate to within 250 m or 1 km depending on if the 

locations were mapped by hand (1 km accuracy) or recorded using a GPS (250 m 

accuracy) (Table 2-1). For the remainder of this section, I refer to these late winter 

locations as Y D R R locations or use points. 

' Subsequent to this M D P research the Government of Yukon underwent organizational restructuring. The Department 
of Renewable Resources is now referred to as the Department of Environment. However, for the purposes of this 
document I have continued to refer to the department as the Yukon Department of Renewable Resources (YDRR). 
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Table 2-1. The accuracy of bison and caribou locations used in estimating home range overlap 
and resource selection at the landscape level. Locations were recorded by the YDRR during 

i 

census surveys . 

C a r i b o u Loca t ions Bison Locat ions 

Y e a r 
Accuracy 

250 m 1 km Total Accuracy 
250 m 1 km Total 

1988 5 5 

1989 13 13 

1991 30 30 
1992 
1993 22 22 
1994 60 60 
1995 42 42 
1996 17* 17 
1997 78 78 19* 19 

1998 32* 32 

1999 23 18* 41 
2000 41* 41 

2001 33 33 
Total 180 52 232 56 145 201 

* These locations were recorded using a GPS, however, only the degrees and minutes of the 
latitudinal/longitudinal coordinates were recorded (i.e., seconds were truncated). Consequently, 
locations were inaccurate up to 2 km. Therefore, to recover the seconds, half a minute (30 seconds) 
was added to the lat. and long, of each coordinate to position the location at the center of the 
appropriate minute grid. As a result, the accuracy of the location was improved to within 1 km. 

'Notes: 
Caribou locations were mapped by hand until 1994 with GPSs being used to record locations since 1994. 
Bison locations were mapped by hand until 1995 with GPSs being used to record locations since 1995. 
Almost all bison locations mapped by hand were consider accurate to with 1 km**. 

This accuracy was also applied to caribou locations mapped by hand. 
Almost all caribou locations recorded using a GPS during composition surveys were considered accurate to within 

250 m**. This accuracy was applied to both bison and caribou locations recorded using a GPS during 
census surveys. 

Years with no locations being reported mean that either another survey type was conducted, the locations were 
highly inaccurate (> 1 km) or no survey was conducted. 

** location accuracy was determined through discussions with Y D R R Wildl i fe Technicians. 
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Resource Attributes: 

To provide a coarse assessment of late winter resource use at the landscape level, terrain 

attributes were extracted from digital data using a Geographic Information System (GIS) 

for five variables: elevation, slope, aspect, proximity to water, and terrain ruggedness. 

Elevation (m), slope (degrees), and aspect were derived using a Digital Elevation Model 

(DEM) with a 30 m resolution. Aspect was extracted into 5 categories: north-facing, 

east-facing, south-facing, west-facing, and flat (i.e., aspects with a slope of less than 5 

degrees)2. An index of terrain ruggedness was generated by calculating the average slope 

in degrees relative to the aspect variability within a prescribed area (i.e., 1 km radius 

polygon). Aspect variability was calculated as the number of different aspect categories 

within the prescribed area divided by 360 aspect categories. The terrain ruggedness 

index algorithm used in this study was based on a modification of the model used by 

Nellemann and Cameron (1996). As such, the algorithm was designed for use in a GIS 

environment using 30 m pixel resolution rather than for derivation of the index from 

topographic maps. Proximity to water was derived using a digitized hydrology layer of 

major lakes and rivers (i.e., permanent waterbodies) at the 1:50,000 scale. ArcView 3.2 

(ESRI Inc. 1999) was used to create all GIS layers and carry out all extractions. 

To account for inaccuracies in Y D R R locations, variables were averaged within a 250 m 

radius polygon or within a 1 km radius polygon around each location depending on the 

assigned accuracy (Table 2-1) using a moving window routine. The mean elevation, 

mean slope, and the modal aspect (i.e., most common) within each error polygon were 

used for analyses. Distance to the nearest waterbody was measured from the center point 

of each error polygon. Terrain ruggedness index was calculated within a 1 km radius for 

all locations. At this level of analysis, the values for the terrain ruggedness index ranged 

from 0 to 22 where 0 was indicative of areas with low ruggedness and 22 was indicative 

of areas that have relatively high ruggedness. 

2 Initially aspect was extracted into 9 categories (i.e., N , NE , E, SE, S, SW, W, NW, Flat). However, since several of 
the categories at the habitat level had an expected frequency of less than 5 (Ryan et al. 1976) these 9 aspect categories 
were grouped appropriately into 5 categories (i.e., N , E, S, W, Flat). To be consistent with the habitat level, aspect 
categories at the landscape level were also grouped into the same 5 categories. 
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Resource Selection: 

For the landscape level, the study area was defined by pooling bison and caribou Y D R R 

locations to generate a single combined 95% utilization distribution (Figure 2-2). 

Utilization distributions define the area in which an animal, or in this case, a group of 

animals, has a 95% probability of being located (Kernohan et al. 2001). I calculated the 

combined utilization distribution of bison and caribou using the fixed kernel home range 

application with the least-squares cross validation method (Seaman and Powell 1996) 

using the Animal Movement extension (Hooge and Eichenlaub 1997) and Spatial Analyst, 

ArcView 3.2 (ESRI Inc. 1999). Kernel methods are statistical techniques used for 

estimating home range extent and intensity of use for various parts of the home range 

(Seaman et al. 1998). Bison and caribou locations lying outside this area were eliminated 

from further analysis. Resource attributes associated with 225 caribou use points and 

194 bison use points were compared with resource attributes associated with a set of 

random locations (i.e., random points) for all five variables within the study area. 

Random points were generated to represent the availability of resources at the landscape 

level. For the landscape level of analysis, 3000 random points were used to represent 

resource availability (Appendix 1). 

Univariate differences between bison and caribou use points and random points for 

continuous variables (elevation, slope, proximity to water, terrain ruggedness index) were 

assessed using Mann-Whitney U tests due to non-normality and unequal sample sizes 

(Zar 1999). Univariate differences in categorical data (aspect) were assessed using the 

chi-square statistic (Zar 1999). A l l statistical analyses were performed using SPSS 10.0.5 

(SPSS Inc. 1999). 

Developing Resource Selection Models: 

I developed resource selection models for all possible variable combinations using 

logistic regression to determine which variables best differentiated bison and caribou use 

points and random points at the landscape level. This procedure produces relative 

probabilities that allow the presence or absence of an animal to be predicted based on the 
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Figure 2-2. Study area for determining bison and caribou resource selection at the landscape 
level (Base map source: Geomatics Yukon). 
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combination of variables measured (Manly et al. 1993). An example of the logistic 

regression equation for a model with three variables is represented in equation 1 

(Tabachnick and Fidell 2001). 

(IJ + B1X1 + IJ2X2 + B3X3) 

Y = 
(B + IJ1X1 + B2X2 + B3X3) 

1 + e 

[Eq. 1] 

where Y is the probability that a location was a bison or a caribou (the dependent 

variable); 13 is a constant, X i to X3 are the predictors or variables, and fi1 to fi 3 are the 

coefficients of the independent variables Xj to X3. Logistic regression is more flexible 

than other similar analyses (e.g., discriminant function analysis) since variables do not 

have to be normally distributed (Hosmer and Lemeshow 1989, Tabachnick and Fidell 

2001). 

I calculated the -21og-likelihood (-2LL) for each model. Lower -2LL values indicated 

greater odds that the observed values of the independent variables could predict the 

observed values of the dependent variable (Garson 1997). I also calculated the variable 

coefficients (fi) and their standard errors (S.E.) for each model (Hosmer and Lemeshow 

1989). To facilitate interpretation of the resource selection models, the odds ratio (i.e., 

exp(fi)) and their 95% confidence intervals, as well as the selection strength (1-

exp(fi))*100% (Theberge 2002), were also calculated. For any given variable, i f the 

value of the odds ratio was less than 1 then the probability of selection decreased. If the 

odds ratio was greater than 1 then the probability of selection increased. If the 95% 

confidence interval for the odds ratio of a particular variable included the value of 1 then 

the variable was not considered a useful predictor (Garson 1997). 
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Prior to analysis, elevation (extracted in meters) and proximity to water (extracted in 

meters) were divided by 100 and slope (extracted in degrees) was divided by 10. Flat 

aspect was used as the reference category to which the use of all other aspect categories 

was compared. As a result, the selection strength could be interpreted as the percent 

change in caribou or bison use for a 100 m change in elevation or proximity to water. 

Similarly, selection strength for slope could be interpreted as the percent change in bison 

and caribou use with changes in slope of 10 degrees and aspect could be interpreted as 

the percent use of all aspect categories compared to flat. As with any regression, the odds 

ratio and selection strength should be interpreted within the range of the available data. 

I also tested for multicollinearity of continuous variables using Pearson's correlation 

coefficient, since correlated variables in the same model can inflate the size of error terms 

(Tabachnick and Fidell 2001). Variables were considered highly correlated i f r > 0.7. 

For categorical variables, multicollinearity was assessed by observing the differences in 

selection strength for each variable in the presence and absence of the categorical 

variable. 

To identify the parsimonious selection model, I used Akaike Information Criteria (AIC), 

a method advocated by Burnham and Anderson (1998) for developing biologically 

meaningful resource selection models based on a priori considerations. This method is 

based on Kullback-Leibler information theory in which the best approximating model is 

the one that loses the least amount of information about what is occurring in reality 

(Anderson et al. 2000). Rather than basing significance of models on p-values, this 

method allows the best model(s) from a suite of models to be identified based on the 

-2LL and the number of parameters in the model. I calculated the sample size corrected 

AIC C for models of all possible combinations of the 5 variables using equation 2 

(Anderson et al. 2000). 
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2K*(K +1) 
AICc = -2LL + 2K + 

(n-K-1) 
[Eq. 2] 

Where the -2LL is generated from the logistic regression given the data and the 

combination of variables in the model; K is the number of parameters in the model; and n 

is the sample size. 

The best-supported model is the model with the lowest AIC C value. I then ranked each 

of the models against the best-supported model to calculate the relative AIC C , A„ for each 

model (i.e., the best model has a A/ value of 0). As A, increases, the possibility of that 

particular model being the best model decreases. Generally, models with a A, of less than 

or equal to 2 should be acknowledged when making inferences regarding resource 

selection. I also calculated the Akaike weights, co„ to assess the relative probability that 

the best AIC model was the Kullback-Leibler best model given the set of models 

provided. The Akaike weights were calculated using equation 3 (Anderson et al. 2000). 

exp (-0.5 A/) 

co,- = [Eq.3] 
R 
Z exp (-0.5Ar) 
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Resource Overlap: 

To obtain a measure of overlap or similarity in resource use, I compared caribou use 

points to bison use points to determine how their use differed from each other rather than 

from availability. Due to non-normality of data, I assessed univariate differences 

between bison and caribou use of continuous variables using Mann-Whitney U tests. 

Difference in use of aspect categories were analyzed using the chi-square statistic (Zar 

1999). 

I then developed resource selection models using logistic regression to determine which 

variable combinations best differentiated caribou use points and bison use points. This 

technique was used by Mueller (2001) to determine how adult and sub-adult grizzly bear 

selection of resources differed from each other rather than from resource availability. 

The dependent variable was coded 1 i f the location was a caribou and 0 i f it was a bison. 

If none of the variables in the model differentiated between caribou and bison use points 

then substantial overlap in resource use would be evident. AIC was also used to 

determine the parsimonious model(s). 

Spatial Overlap: 

To provide a measure of the overall pattern of bison and caribou distribution at the 

landscape level, I calculated the 50%, 75%, and 95% home range utilization distributions 

for both populations using Y D R R locations. I calculated home range distributions using 

the fixed kernel home range application with the least-squares cross validation method 

(Seaman and Powell 1996) using the Animal Movement extension (Hooge and 

Eichenlaub 1997) and Spatial Analyst, ArcView 3.2 (ESRI Inc. 1999). The area of 

overlap between bison and caribou utilization distributions was calculated using the 

Tabulate Areas function in ArcView 3.2. 
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2.3.2 Habitat Selection and Overlap 

I assessed habitat selection and overlap by employing the same methods for which I 

determined landscape selection and overlap, however, with the addition of a sixth 

variable (habitat type) and with a different measure of use. I defined resource use at this 

level by delineating the distribution of bison and caribou feeding sites within the main 

area of overlap between bison and caribou late winter ranges. This main area of overlap, 

approximately 2600 km , was identified using Y D R R radiotelemetry locations. 

Discussions with local wildlife managers confirmed the appropriateness of this area for 

analysis. 

Development of Vegetation Map: 

I created a vegetation cover map for the main area of overlap by developing a supervised 

classification (Gibson and Power 2000, Lillesand and Kiefer 2000) using an enhanced, 

georeferenced Landsat Thematic Mapper satellite image. The image was taken on July 

24, 1994 and had a 30 m pixel resolution. A l l classification procedures were carried out 

using PCI 7.0 (PCI Geomatics 1999). 

A supervised classification requires the analyst to collect a representative number of 

training areas (i.e., pixels of known vegetation type gathered through ground truthing) to 

classify the image (Lillesand and Kiefer 2000). Using the enhanced Landsat image, I 

visually identified approximately 27 spectral classes, then I selected several replicates 

(i.e., training sites) of each class for ground truthing. As recommended by Wilson 

(1990), selected training sites were no smaller than 3 by 3 pixels (90 m by 90 m). While a 

random selection of training sites is necessary to ensure an unbiased representation of the 

study area, it would have taken too long and have been too costly to collect the necessary 

field observations (Wilson 1990). Therefore, training sites, while widely distributed 

across the study area, were selected based on their proximity to other potential training 

sites. This cluster sampling was conducted to improve the efficiency of data collection. 

Ground truthing of the image was conducted from mid-July to mid-August in 1999 and 

2000 to coincide with the time of year the image was taken. 
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Prior to ground truthing, aerial photos were used to identify the expected habitat type for 

each training site. Ground truthing of sites was carried out by foot, horseback and 

helicopter. During surveys conducted on foot and horseback several characteristics were 

collected at each training site in a 20 m by 20 m plot, including: percent cover of trees, 

shrubs, dwarf shrubs, graminoids, lichens, bryophytes, herbs, coarse woody debris and 

litter. Additionally, elevation, slope, aspect, soil type and moisture, and a GPS location at 

the center of the site were recorded. The percent cover of individual plant species was 

also recorded. During helicopter surveys, percent vegetation cover of training sites was 

recorded while hovering over the site. When habitat types were encountered that had not 

been encountered on foot, the helicopter was landed and detailed information was 

recorded. 479 field sites were visited: 75 sites were visited on foot, 20 sites on 

horseback and 384 sites by helicopter. Anywhere from 2 to 20 sites per spectral class 

were recorded. 

I grouped training sites into 16 vegetation classes based on the information collected 

during the ground truthing surveys and on work conducted previously in the Aishihik 

Lake area by Bastedo and Theberge (1986). Several sites were not used in training the 

image since they could have been classified in 2 or more vegetation categories. 

Ultimately, 355 sites were used for further analyses: 229 sites to train the image; 126 sites 

to determine the accuracy of the image once classified. I entered training sites into PCI 

7.0 as irregularly shaped polygons within the boundaries of each ground truthed site to 

capture the variability within each class. I entered accuracy sites as a 3 x 3 pixel area in 

the middle of the site resulting in 1033 pixels used to determine the accuracy of the final 

vegetation map. 

The image was classified using the maximum-likelihood algorithm (Lillesand and Keifer 

2000). This procedure compares pixels on the image with the training areas and assigns 

each pixel to the class to which it is most similar (Gibson and Power 2000). I then 

applied several classification algorithms using a D E M to produce a more accurate 

classification (Wilson 1990). Classification accuracy was assessed by calculating the 

percentage of 1033 pixels of known habitat type that were correctly classified on the 

24 



vegetation cover map. Based on signature separabilities (i.e., a statistic used to evaluate 

the similarity between classes (PCI Geomatics 1999)) and the classification accuracy 

assessment, I collapsed the 16 classes into 10 final classes. This served to achieve a 

higher overall accuracy while still maintaining appropriate habitat types that were 

representative of typical bison and caribou foraging behaviour and habitat use. 

Mapping of Feeding Sites: 

I conducted fixed-wing surveys from February 7 to 9, 2000 to determine the distribution 

of feeding sites within the main area of overlap. A feeding site was defined as an area 

containing a group or cluster of feeding craters (i.e., areas where bison or caribou 

removed or disturbed snow to access vegetation). I mapped sites by hand on 1:50,000 

mapsheets and then digitized these locations in ArcView 3.2. Whenever possible during 

aerial surveys, I noted the habitat type within which the feeding sites were located. 

During these surveys, 66 bison feeding sites and 102 caribou feeding sites were mapped. 

Sites that were situated along identifiable landscape features (i.e., on the edges of lakes, 

near drainage channels) were deemed to be accurate, however, all other locations were 

considered to be accurate to within 250 m. 

Resource Attributes: 

For this level of analysis, resource attributes (i.e., elevation, slope, aspect and proximity 

to water) were extracted in the same way they were extracted at the landscape level but 

within this smaller study area. The terrain ruggedness index, however, was generated 

within a radius 250 m for each feeding site. At this level of analysis, the values for the 

terrain ruggedness index ranged from 0 to 15 where 0 was indicative of areas with low 

ruggedness and 15 was indicative of areas that have relatively high ruggedness. 

For feeding sites that were known to be accurate the actual elevation, slope, aspect and 

proximity to water were used in analyses. For all other locations, the variables were 

averaged within a radius of 250 m. The 250 m radius terrain ruggedness index was used 

for all locations. The habitat type for each feeding site was determined using the habitat 
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type recorded during the fixed-wing surveys and verified by overlaying the digitized 

feeding site locations on the vegetation cover map. If the habitat type was not discernible 

from the air, it was derived from the vegetation cover map. For locations accurate to 

within 250 m, the most common vegetation type within a 250 m radius around the 

digitized feeding site location was used. 

Resource Selection: 

To determine bison and caribou resource selection, attributes associated with feeding site 

locations (i.e., use points) were compared with attributes associated with a set of random 

points for all 6 variables. For the habitat level of analysis, 2000 random points were used 

to represent resource availability (Appendix 1). 

Univariate resource selection of elevation, slope, proximity to water, terrain ruggedness 

index (i.e., all continuous variables) were assessed using Mann-Whitney U testd (due to 

non-normality and unequal sample sizes) by comparing bison and caribou use points to 

random points. Resource selection of aspect and habitat type (i.e., categorical variables) 

was assessed using the chi-square statistic. 

Multivariate resource selection models were developed in the same manner as they were 

for the landscape level. Refer to section 2.3.1 (Developing Resource Selection Models) 

for further details of this analysis. Coniferous woodland/open shrub was used as the 

reference category for habitat type for developing the resource selection models at this 

level of investigation. 

Resource Overlap: 

A measure of overlap or similarity in resource use at the habitat type level was 

determined by comparing bison use points to caribou use points for all six variables. 

Univariate differences between bison and caribou use of continuous variables were 

assessed using Mann-Whitney U tests. Differences in use of aspect categories and 

vegetation types were analyzed using the chi-square statistic (Zar 1999). 
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I then developed multivariate resource selection models to determine which variable 

combinations best differentiated caribou use points relative to bison use points using 

logistic regression. Again, the dependent variable was coded 1 if the location was a 

caribou and 0 i f it was a bison. AIC was also used to determine the parsimonious 

model(s) as in the landscape level of analysis. 

2.3.3 Feeding Site Selection and Overlap 

Data Collection: 

From the habitat level feeding site surveys, I randomly selected 30 bison and 30 caribou 

locations for further investigation on the ground. This sample size was based on that of 

similar study comparing caribou and muskoxen feeding site characteristics (Biddlecomb 

1992). Of those sites, only 19 bison and 19 caribou sites were surveyed due to 

inaccessibility of the others. Feeding site surveys were carried out from February 15 to 

March 20,2000. As fieldwork progressed, randomly selected sites became more 

difficult to identify clearly due to melting or newly fallen snow. As a result, when 

necessary, other sites close to the random site and within a similar habitat type were 

opportunistically sampled. 

Access to feeding sites was by snowmobile. At each site, the habitat type was described 

and a randomly oriented transect was established through the center of each site 

extending in both directions beyond the coverage of the feeding area (Figure 2-3). The 

transect was then divided into two zones: 1) feeding zone (delineated by the extent of the 

cratering), and 2) adjacent non-feeding zone (delineated as the area contiguous with the 

feeding zone for a distance equal to one half of the feeding zone). The length of the 

transect varied depending on the size of the area used by bison or caribou. Measures of 

several resource attributes were collected at each site, including percent vegetation cover, 

snow depth and snow hardness. 
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Resource Attributes: 

Along the transect within the feeding zone and adjacent non-feeding zones, 50 cm by 50 

cm plots were established approximately every 5 m. An equal number of plots was 

established in both zones (Figure 2-3). A minimum of 4 plots and a maximum of 10 plots 

were made within each zone. If a plot landed in a feeding crater the plot was moved to 

just beyond the crater along the transect. Within each plot the percent cover of plant 

species and other ground cover (i.e., ice and rock) was recorded using the Daubenmire 

i FEEDING SITE 

Adjacent Non-Feeding Feeding Adjacent Non-Feeding 
Zone Zone Zone 

Figure 2-3. Schematic of a bison or caribou feeding site. 

28 



cover scale3. Percent cover of vegetation was also measured in a 50 cm by 50 cm area 

within the 10 craters closest to the transect. In sites with fewer than 10 craters, all craters 

present were sampled. For the purposes of analysis, plant species were collapsed into the 

following categories: graminoids, lichens, mosses, Equisetum sp., dwarf shrubs, shrubs, 

forbs, coniferous seedlings, litter and ice/rock. Ice/rock was then eliminated from each 

plot and crater measurement and percent cover of all other vegetation categories was 

standardized to 100%. 

Within each plot along the transect, snow depth was measured to the nearest centimeter 

and snow hardness was measured to the nearest kilogram using a Rammsonde 

penetrometer4. Snow hardness was calculated using equation 4 (Wilson 1992). 

Whn 
R= +W + Q [Eq.4] 

X 

where R is the snow hardness value (kg), W is the weight of the drop hammer (kg), h is 

the height of the hammer drop (cm), n is the number of hammer blows, X is the 

penetration after n blows (cm), and Q is the weight of penetrometer (kg). 

Depth of snow in 10 craters was measured to the nearest centimeter at the least disturbed 

edge (i.e., the point at which the animal ceased cratering). Snow hardness was not 

measured for feeding craters. This sampling design was similar to that used by Wilson 

(1992) and Biddlecomb (1992) in studies of muskox and caribou winter habitat use in 

northern Alaska. 

3 The Daubenmire cover scale values for percent cover of vegetation are: 1 = 0 - 5%, 2 = 5 - 25%, 3 = 25 - 50%, 4 = 50 
- 75%, 5 = 75 - 95%, 6 = 95 - 100% (Mueller-Dombois and Ellenberg 1974). The midpoint of these ranges were used 
in analyses. Cover values were assigned by the same individual throughout the study to ensure consistency and were 
verified informally to ensure repeatability of measurements. 
4 Rammsonde penetrometers are used to measure the vertical resistance of snow layers to penetration. 
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Resource Selection: 

Due to the nested nature of the design at this level of analysis, resource selection was 

determined using nested Analysis of Variance (ANOVA) rather than logistic regression. 

For example, in this design, craters were nested within feeding sites. A N O V A is used to 

test the null hypothesis that several means are equal and is an extension of the two 

sampled t-test (Zar 1999). A N O V A is robust regarding non-normality of data when 

sample sizes are equal or nearly equal (Zar 1999). At the feeding site level, resource 

selection was determined by comparing areas of use with areas of non-use rather than 

with availability. Two levels of selection were assessed at the feeding site level: 1) 

feeding site selection and 2) crater selection. Feeding site selection was evaluating by 

using a nested A N O V A to determine the differences in resource attributes (i.e., 

vegetation and snow) between adjacent non-feeding zones and feeding zones for both 

bison and caribou surveyed feeding sites. Crater selection was evaluated by using a 

nested A N O V A to determine the differences between resource attributes for craters and 

feeding zones. 

Resource Overlap: 

Two measures of resource overlap were also assessed for the feeding site level: 1) 

feeding site overlap and 2) crater overlap. Feeding site overlap was assessed by using a 

nested A N O V A to determine the differences between resource attributes for bison and 

caribou feeding zones. Crater overlap was assessed by using a nested A N O V A to 

determine differences in attributes between bison and caribou craters. 

2.3.4 Forage Species Use and Overlap 

Data Collection: 

Diet composition was determined by analyzing plant fragments in bison and caribou 

feces (Putnam 1984). At each of the surveyed feeding sites described in section 2.3.3, 3 

to 10 fecal samples were collected depending on availability. Samples were collected 

from February 15 to March 20,2000 and were kept frozen while in the field. A 

30 



composite fecal sample was then made for each feeding site (i.e., 19 bison and 19 caribou 

composite samples). 14 of these samples from each species were randomly selected and 

dried in a drying oven at 50° C for 72 hours. 

Resource Use: 

Diet composition was determined using microhistological analysis (Putnam 1984) by the 

Wildlife Habitat Laboratory, Washington State University. Plant fragments in each 

composite sample were identified to species using 100 views per slide (B. Davitt, per. 

comm.). 

Plants fragments identified in bison and caribou feces were adjusted for digestibility to 

obtain a more accurate account of the actual proportion of plants species consumed by 

bison and caribou. For bison diets, caribou digestion correction factors were applied to 

plant groups for which bison digestion correction factors were not available (i.e., lichens, 

mosses, forbs and conifers). Since the availability of plant species could not be measured 

at the actual time the animal was foraging, resource selection could not be determined. 

Resource Overlap: 

For statistical analysis, diet was grouped into the following categories: grasses, 

sedges/rushes, shrubs, forbs, lichens, mosses and conifers. A multivariate A N O V A was 

used to define the differences between bison and caribou diets with respect to these plant 

groups. 

Overlap or similarity indices can also provide an objective measure of diet similarity and 

the potential for niche overlap between sympatric animals (Kirchhoff and Larsen 1998). 

Therefore a Percent Overlap Index was generated using the general plant groups 

corrected for digestion identified in bison and caribou diets (Telfer and Cairns 1986). 

Overlap in plant species use was calculated using equation 5 (Krebs 1999). 
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Pjk = [ I (minimum P¿j, P,k) ]*100 [Eq. 5] 

where Pjk is the percent overlap between species j and species k, P,j is the proportion that 

resource i is of the total resources used by species j , P* is the proportion that resource i is 

of the total resources used by species k, and n is the total number of resource categories. 

2.4 RESULTS 

2.4.1 Landscape Selection and Overlap 

Resource Selection: 

Univariate Resource Selection: 

Caribou used elevation, slope, proximity to water, and terrain ruggedness significantly 

differently relative to their availability at the level of the landscape (Table 2-2). In 

general, caribou selected locations on the landscape that were at higher elevations, on 

steeper slopes, at greater distances from water or with greater terrain ruggedness (Figure 

2-4 to 2-7). Caribou did not, however, select for any particular aspect (x 2 (4) = 8.905, p = 

0.064) since they used all aspect categories proportionate to their availability (Figure 2-

8). 

Bison used all variables significantly differently from their availability at the landscape 

level (Table 2-3). However, unlike caribou, bison generally selected locations on the 

landscape that were at lower elevations, on less steep slopes, in closer proximity to water 

or with less rugged terrain (Figure 2-4 to 2-7). There was also a significant difference in 
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Table 2-2. Results of Mann-Whitney U tests for determining univariate selection by 
caribou at the landscape level. Reported are the mean, standard error of the mean (S.E.), 
the value of the Mann-Whitney U statistic and the significance of the test statistic 
(*statistical significance was set at p<0.05). 

Caribou (n= =225) Random (n= =3000) 

Variable Mean S.E. Mean S.E. U p-value 

Elevation (m) 1264.758 18.640 1213.094 4.982 301707.0 0.008 * 

Slope (degrees) 12.993 0.497 11.585 0.164 287952.0 <0.001 * 

Proximity to Water (m) 2713.466 167.508 1902.347 33.996 271099.0 <0.001 * 

Terrain Ruggedness ( 1 km) 11.100 0.337 9.625 0.086 281371.5 <0.001 * 

Table 2-3. Results of Mann-Whitney U tests for determining univariate selection by bison 
at the landscape level. Reported are the mean, standard error of the mean (S.E.), the value 
of the Mann-Whitney U statistic and the significance of the test statistic (*statistical 
significance was set at p<0.05). 

Bison (n= =194) Random (n= =3000) 

Variable Mean S.E. Mean S.E. U p-value 

Elevation (m) 1004.479 11.602 1213.094 4.982 152421.0 <0.001 * 
Slope (degrees) 6.013 0.321 11.585 0.164 182869.0 <0.001 * 
Proximity to Water (m) 833.778 65.149 1902.347 33.996 171115.0 <0.001 * 
Terrain Ruggedness (1 km) 5.244 0.229 9.625 0.086 129118.0 O.001 * 
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Figure 2-4. The percent availability (n=3000) of elevation and percent use by 
caribou (n=225) and bison (n=194) at the landscape level. 

Figure 2-5. The percent availability (n=3000) of slope and percent use by caribou 
(n=225) and bison (n=194) at the landscape level. 
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PROXIMITY TO WATER (m x 100) 

* ^ 4T * *r *r 

Figure 2-6. The percent availability (n=3000) of proximity to water and percent use 
by caribou (n=225) and bison (n=194) at the landscape level. 

• Available 
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! i Bison 

TERRAIN RUGGEDNESS (1 km) 

Figure 2-7. The percent availability (n=3000) of terrain ruggedness and percent use 
by caribou (n=225) and bison (n=194) at the landscape level. 
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Figure 2-8. The percent availability (n=3000) of aspect categories and percent use by 
caribou (n=225) and bison (n=194) at the landscape level. 
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the aspects used by bison compared to their availability (%2 (4) = 205.990, p = 0.064). 

The most common aspect used by bison was flat (Figure 2-8). 

Multivariate Resource Selection Models: 

Slope was highly correlated with terrain ruggedness (r > 0.7), however, in several cases 

slope was included as a variable in the top resource selection models (A¡ > 2) produced at 

the landscape and habitat levels (Appendix 2, Table A2-1). This suggested that slope, in 

combination with other variables, was a useful predictor of bison and caribou occurrence. 

In all cases the direction of the coefficient for slope was unexpected (e.g., the direction of 

the coefficient for slope suggested that bison occurrence increased with slope) indicating 

multicollinearity (Zar 1999). Also, in the presence of slope, the selection strength for 

terrain ruggedness and aspect were inflated (Tabachnick and Fidell 2001) (Appendix 2, 

Table A2-2). Therefore, for all models at the landscape and habitat level, resource 

selection was assessed without slope. 

The best-supported or parsimonious resource selection model for caribou at the level of 

the landscape indicated that aspect, proximity to water and terrain ruggedness were useful 

predictors of caribou occurrence (Table 2-4). Compared to flat aspects, caribou were 

55% less likely to select north-facing aspects and were 39% less likely to select south-

facing aspects (Table 2-5). The 95% confidence interval on the odds ratio for east-facing 

and west-facing aspects included the value of 1 ; therefore, they were not considered 

useful predictors of caribou occurrence (Garson 1997) since the direction of selection 

could not be determined. Caribou did not select for close proximity to water. As 

distances from water increased by 100 meters the probability of selection increased by 

1.4%. Caribou selected for higher terrain ruggedness; with an increase in the terrain 

ruggedness index of 1 unit the probability of selection increased by 6%. For the purposes 

of discussion, only the selection strengths of resources included in the best model are 

highlighted in the results. For both the landscape and habitat level refer to Appendix 3 

for resource selection models with a relative Akaike weight (A,) of greater than 0 and less 

than or equal to 2. 
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Table 2-4. Comparison of caribou late winter resource selection models at the level of the 
landscape (n u s e d = 225, na v a ii a b| e=3000). Reported are the logistic regression -21og-likelihood 
(-2LL), the number of parameters in the model (K), the relative AIC C (A, ) and the Akaike 
weight (co¡). Variables included in the model selection were Elevation (E), Aspect (A), 
Proximity to Water (W), and Terrain Ruggedness (T). Models are ranked from lowest to 
highest A; values. The dotted line indicates when model A, >2. 

Model -ILL K A/ <a, 

A, W , T 1581.388 7 0.000 0.385 

E, A , W, T 1580.606 8 1.228 0.208 

E, A , W 1586.132 7 4.744 0.036 

W, T 1594.594 3 5.179 0.029 

E, W , T 1593.986 4 6.576 0.014 

E, W 1596.422 3 7.007 0.012 

A , W 1592.044 6 8.647 0.005 

W 1600.732 2 9.313 0.004 

A, T 1600.037 6 16.640 0.000 

E, A , T 1600.011 7 18.623 0.000 

T 1612.363 2 20.944 0.000 

E, T 1612.351 3 22.936 0.000 

E, A 1616.811 6 33.414 0.000 

E 1624.856 2 33.437 0.000 

A 1623.418 5 38.014 0.000 
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Table 2-5. AIC best model (A, = 0) for caribou resource selection at the level of the 
landscape (n u s e d = 225, n a v a j i a b i e = 3000). Reported are the beta coefficient (B), the 
coefficient standard error (S.E.), direction of the coefficient (+1-), odds ratio (exp (6)), 
the 95% confidence interval (CI) for the odds ratio, and the selection strength. Selection 
strength was only calculated for odds ratios for which the 95% confidence interval does 
not include 1. Grayed areas indicate variables not included in the model. 

Best Model (A,=0) 
Caribou (I) vs Available (0) 

Variable +/- B S.E exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Elevation** 
Aspect b 

N-facing - 0.795 0.296 0.451 0.267 0.764 54.9 
E-facing 0.114 0.219 0.892 0.581 1.370 
S-facing 0.492 0.249 0.612 0.376 0.996 38.8 
W-facing 0.452 0.235 0.636 0.401 1.009 

Proximity to Water 0 + 0.014 0.003 1.014 1.008 1.021 1.4 

Terrain Ruggedness d + 0.060 0.018 1.062 1.025 1.100 6.2 

' Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
"Elevation was measured in meters and converted to 100 meter increments. 
b Reference-category for aspect was flat. 
c Proximity to water was measured in meters and converted to 100 meter increments. 
d Terrain ruggedness was derived using a 1km radius moving window routine. 
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The parsimonious selection model for bison indicated that elevation, aspect, proximity to 

water and terrain ruggedness, in combination, were useful predictors of bison occurrence 

at the level of the landscape (Table 2-6). Bison selected for low elevations; as elevation 

increased by 100 meter increments the probability of selection decreased by 12% (Table 

2-7). Aspect selection strengths indicated that bison selected for flat topography. Bison 

selected for close proximity to water given that for every 100 m increase in distance away 

from water, there was an approximate 2% reduction in the probability of selection. Bison 

also selected for areas of less rugged terrain. With every 1 unit increase in terrain 

ruggedness, selection decreased by 7%. 

Resource Overlap: 

Univariate Comparison of Caribou and Bison Resource Use: 

Significant univariate differences were identified when caribou use was compared to 

bison use of each variable (Table 2-8). Caribou utilized areas that were at significantly 

higher elevations, on steeper slopes, at greater distances from water or with greater 

ruggedness than bison (Figure 2-4 to 2-7). There were also significant differences in the 

aspects used by these two species (% (4) = 114.176, p <0.001) (Figure 2-8). 

Multivariate Models - Comparison of Caribou and Bison Resource Use: 

Elevation, aspect, proximity to water and terrain ruggedness were all included in the 

parsimonious model for assessing caribou resource use in relation to bison use (Table 2-

9). Strength of selection indicated that for every 100 m increase in elevation the 

probability of selection by caribou compared to bison increased 36% (Table 2-10). 

Compared to flat aspects caribou were 623% more likely to use north-facing aspects than 

were bison. As distance from water increased by 100 m increments the probability of 

selection by caribou increased by 4% relative to bison. Lastly, for every 1 unit increase 

in terrain ruggedness the probability of selection increased 12% for caribou compared to 

bison. 
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Table 2-6. Comparison of bison late winter resource selection models at the level of the 
landscape (n u s e d = 194, n a v a¡i a b | e=3000). Reported are the logistic regression -21og-likelihood (-
2LL), the number of parameters in the model (K), the relative AIC C (A, ) and the Akaike 
weight (co; ). Variables included in the model selection were Elevation (E), Aspect (A), 
Proximity to Water (W), and Terrain Ruggedness (T). Models are ranked from lowest to 
highest A, values. The dotted line indicates when model A¡ >2. 

Model -2LL K A,- u, 

E, A , W, T 1202.931 8 0.000 0.836 

E, A , W 1208.931 7 3.990 0.114 

E, A , T 1210.567 7 5.626 0.050 

E, A 1224.566 6 17.616 0.000 

A , W, T 1223.239 7 18.298 0.000 

A T 1230.840 6 23.890 0.000 

E, W, T 1246.061 4 35.097 0.000 

A , W 1242.433 6 35.483 0.000 

E, T 1256.073 3 43.104 0.000 

A 1266.362 5 57.405 0.000 

W , T 1270.945 3 57.976 0.000 

T 1281.796 2 66.824 0.000 

E, W 1283.671 3 70.702 0.000 

E 1327.935 2 112.963 0.000 

W 1364.600 2 149.628 0.000 
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Table 2-7. AIC best model (A¿ = 0) for bison resource selection at the level of the landscape 
( n used

 = 194, n a v a i | a b ie = 3000). Reported are the beta coefficient (8), coefficient standard error 
(S.E.), direction of the coefficient (+/-), odds ratios (exp (6)), the 95% confidence interval (CI) 
for the odds ratios, and the selection strength1. 

Best Model ( 4 = 0 ) 

Bison (1) vs Available (0) 

Variable +/- B S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Elevation11 - 0.196 0.046 0.882 0.752 0.899 11.8 

Aspect b 

N-facing - 2.755 0.721 0.064 0.015 0.261 93.6 

E-facing - 1.168 0.310 0.311 0.169 0.571 68.9 
S-facing - 0.947 0.325 0.388 0.205 0.733 61.2 
W-facing - 0.884 0.305 0.413 0.227 0.750 58.7 

Proximity to Water 0 - 0.020 0.008 0.980 0.965 0.995 2.0 

Terrain Ruggedness d - 0.072 0.030 0.930 0.877 0.899 7.0 

1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Elevation was measured in meters and converted to 100 meter increments. 
b Reference-category for aspect was flat. 
0 Proximity to water was measured in meters and converted to 100 meter increments. 
d Terrain ruggedness was derived using a 1km radius moving window routine. 
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Table 2-8. Results of Mann-Whitney U tests for determining univariate differences between 
caribou and bison resource use at the landscape level. Reported are the mean, standard error of 
the mean (S.E.), the value of the Mann-Whitney U statistic and the significance of the test 
statistic (*statistical significance was set at p<0.05). 

Caribou (n= =225) Bison (n= 194) 

Variable Mean S.E. Mean S.E. U p-value 

Elevation (m) 1264.758 18.640 1004.479 11.602 8839.0 <0.001 * 

Slope (degrees) 12.993 0.497 6.013 0.321 9435.0 <0.001 

Proximity to Water (m) 2713.466 167.508 833.778 65.149 9774.5 <0.001 * 

Terrain Ruggedness (1 km) 11.100 0.337 5.244 0.229 7521.0 <0.001 * 
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Table 2-9. Comparison of models of caribou (n=225) late winter resource use relative to 
bison resource use (n=194) at the level of the landscape. Reported are the logistic regression -
21og-likelihood (-2LL), the number of parameters in the model (K), the relative AICc (A, ) and 
the Akaike weight (co, ). Variables included in the model selection were Elevation (E), Aspect 
(A), Proximity to Water (W), and Terrain Ruggedness (T). Models are ranked from lowest to 
highest A¿ values. The dotted line indicates when model A, >2. 

Model -2LL K A; 

E, A , W, T 379.253 8 0.000 0.485 

E, W , T 387.824 4 0.316 0.414 

E, A , W 384.547 7 3.215 0.097 

E , W 399.789 3 10.243 0.003 

A , W, T 394.843 7 13.511 0.001 

W , T 404.755 3 15.209 0.000 

E, A , T 397.977 7 16.645 0.000 

E, T 407.037 3 17.491 0.000 

A T 410.556 6 27.156 0.000 

T 421.301 2 29.726 0.000 

A, W 416.751 6 33.351 0.000 

E, A 418.803 6 35.403 0.000 

E 454.413 2 62.838 0.000 

A 456.301 5 70.842 0.000 

W 463.705 2 72.130 0.000 
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Table 2-10. AIC best model (A, = 0) for caribou (n=225) resource use relative to bison 
(n=194) resource use. Reported are the beta coefficient (B), the coefficient standard error 
(S.E.), direction of the coefficient (+1-), odds ratio (exp (B)), the 95% confidence interval 

(CI) for the odds ratio, and the selection strength1. Selection strength was only calculated 
for odds ratios for which the 95% confidence interval does not include 1. 

Best Model (A, = 0) 
Caribou (1) vs. Bison (0) 

Variable +/- fi S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Elevation" + 0.307 0.084 1.359 1.153 1.601 35.9 
Aspect b 

N-facing + 1.979 0.818 7.232 1.456 35.918 623.2 
E-facing + 0.389 0.465 1.476 0.593 3.672 
S-facing V 0.038 0.480 1.038 0.406 2.658 
W-facing + 0.071 0.452 1.073 0.442 2.603 

Proximity to Water 0 f- 0.038 0.010 1.039 1.018 1.060 3.9 

Terrain Ruggedness d + 0.114 0.050 1.121 1.016 1.238 12.1 

1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Elevation was measured in meters and converted to 100 meter increments. 
b Reference-category for aspect was flat. 
c Proximity to water was measured in meters and converted to 100 meter increments. 
d Terrain ruggedness was derived using a 1km radius moving window routine. 
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Spatial Overlap: 

Late winter utilization distributions for bison and caribou (Figure 2-9) indicated that the 

95% kernel home range for caribou was approximately 9200 km and 8200 km for bison 

(Table 2-11). However, the areas within which caribou and bison had a 50% chance of 

being located was approximately one tenth the size of their 95% utilization distribution. 

A n assessment of the overlap in spatial distribution at the landscape level indicated that 

there was approximately a 42% overlap in bison and caribou 95% utilization 

distributions, a 32% overlap in their 75% utilization distributions and only 6% overlap in 

their 50% utilization distributions. 

2.4.2 Habitat Selection and Overlap 

Bison and caribou feeding site locations mapped during aerial surveys are shown in 

Figure 2-10. 

Habitat Map: 

The 10 final habitat types included in the vegetation map were: Coniferous Forest, 

Coniferous Woodland/Open Shrub, Closed Shrub/Deciduous Forest, Open Shrub-

Graminoid, Wet Sedge-Shrub Meadow, Water, Aspect Grassland, Rock and Gravel, 

Alpine Dryas, and Alpine Meadow/Shrub (Figure 2-11). The overall accuracy of the 

final classification was 77.1% with the greatest misclassifications occurring in the alpine 

classes. This accuracy was similar to the accuracy of a classification developed for 

another caribou resource selection study (McCabe et al. 1997). Unclassified pixels 

constituted less than 5% of the image. Refer to Table 2-12 for a general description of 

each habitat type. 
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Figure 2-9. 50%, 75% and 95% kernel home range utilization distributions for bison and caribou 
late winter Y D R R locations (Base map source: Geomatics Yukon). 
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Table 2-11. Area (km2) of the 50%, 75% and 95% utilization distributions for bison and 
caribou late winter Y D R R locations as well as overlap in distributions. 

Utilization 

Distirbuion 
Bison Caribou 

Area of 

Overlap 

50% 732.9 km2 1029.2 km2 51.6 km2 

75% 3033.9 km2 3483.1 km2 1026.2 km2 

95% 8174.3 km2 9200.9 km2 3564.8 km2 
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Figure 2-10. Distribution of bison and caribou feeding sites as mapped during aerial surveys 
(triangles). Sites ground-truthed at the feeding site level are indicated by squares (Base map 
source: Geomatics Yukon). 
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Figure 2-11. Vegetation cover map of the main area of overlap in bison and caribou late winter 
ranges (Landsat T M image source: YDRR) . 
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Table 2-12. General description of the vegetation cover types derived through a supervised classification of the Aishihik Lake area. 

Habitat Type Code 
General Description 
(% vegetation cover) 

Associated Sub-Habitat Types 
Dominant/Common Plant 
Species 

Coniferous Forest CF > 25% conifer cover 
Closed Coniferous Forest 
Open Coniferous Forest 
Mixed Forest 

Picea glauca 
Hylocomium splendens 

Coniferous Woodland and Open 
Shrub CWOS 

< 25% conifer and/or 
25-60% shrub 

Coniferous Woodland (various 
understory) 
Open Shrub (various understory) 
Open Shrub Lichen 

Picea glauca 
Salix spp. 
Betula glandulosa 
Ledum groelandicum 
Various dwarf shrubs 
Various lichen spp. 

Closed Shrub and Deciduous 
Forest CS > 60% shrub or 

> 25% deciduous trees 

Closed Shrub 
Riparian Shrub 
Open Deciduous Forest 
Closed Deciduous Forest 

Salix spp. 
Betula glandulosa 
Populus tremuloides 
Arctostaphylos uva-ursi 

Open Shrub-Graminoid OSG 25-60% shrub and 
25-60% graminoids -

Salix spp. 
Betula glandulosa 
Carex spp. 

Wet Sedge-Shrub Meadow W S S M 
> 60% graminoids 
< 25% shrub 

Wet Sedge Meadow 
Wet Sedge/Shrub Mound Complex 
Dried Lakes 

Carex spp. 
Eriophorum angustifolium 
Salix spp. 
Betula glandulosa 

Water 
Lake Shores 
Lakes 
Major Rivers 

Carex aquatilis 
Equisetum spp. 

Aspect Grassland A G 
South-facing Xeric Slopes 
Bluffs 

Artemisa frígida 
Carex spp. 

Rock and Gravel R G < 20% vegetation Alpine Barrens 
Beaches 

N/a 

Alpine* Dryas A D >25% dryas -
Dryas spp. 
Various lichen spp. 
Various dwarf shrub spp. 

Alpine* Meadow and Shrub A M S 
> 25% shrub and/or 
> 25% graminoids 

Alpine Meadow 
Open Alpine Shrub 
Closed Alpine Shrub 

Salix spp. 
Betula glandulosa 
Carex spp. 
Various alpine spp. 

* Alpine occurs at 1300 m asl 



Resource Selection: 

Univariate Resource Selection: 

Caribou used elevation, slope, and terrain ruggedness significantly different from their 

availability at the level of the habitat (Table 2-13). In general, caribou selected for higher 

elevations, steeper slopes, and greater terrain ruggedness (Figure 2-12 to 2-15). There 

was also a significant difference in the relative use of habitat types by caribou (x (4) = 

39.429, p<0.001). 75 % of caribou feeding sites were located in Coniferous 

Woodland/Open Shrub habitat type (Figure 2-16). Similarly, there was a significant 

difference in the aspects used by caribou compared to their availability (x (4) = 45.630, 

pO.001). At the habitat level, the most common aspects used by caribou were north-

facing and east-facing (Figure 2-17). 

Bison used all resources significantly differently from their availability (Table 2-14). 

Unlike caribou, bison generally selected for areas that were at lower elevations, on less 

steep slopes, in closer proximity to water or with less rugged terrain (Figure 2-12 to 2-

15). There was a significant difference in the habitat types used by bison (x (4) = 

39.429, p<0.001). 62% of bison feeding sites occurred along the lakeshores (water 

habitat type) (Figure 2-16). Similarly, there was a significant difference in the aspects 

used by bison compared to availability (%2 (4) = 372.356, p<0.001). The most common 

aspect used by bison was flat (Figure 2-17). 

Multivariate Resource Selection Models: 

The best-supported resource selection model for caribou at the level of the habitat 

indicated that habitat type, elevation, aspect and proximity to water were substantial 

predictors of caribou occurrence (Table 2-15). In contrast to their high level of use of 

coniferous woodland/open shrub habitat type, caribou rarely used closed shrub, open-

shrub/graminoid and alpine shrub meadow habitat types (Table 2-16). Caribou selected 

for high elevations; as elevation increased by 100 meter increments the probability of 

selection increased by 37%. Compared to flat aspects, caribou were 240% more likely to 

select north-facing aspects, and 440% more likely to select east-facing aspects. While 
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Table 2-13. Results of Mann-Whitney U tests for determining univariate selection by 
caribou at the habitat level. Reported are the mean, standard error of the mean (S.E.), the 
value of the Mann-Whitney U statistic and the significance of the test statistic (*statistical 
significance was set at p<0.05). 

Caribou (n= =102) Random (n= =2000) 

Variable Mean S.E. Mean S.E. U p-value 

Elevation (m) 1149.122 7.565 1140.924 4.366 86422.0 0.009 * 

Slope (degrees) 10.092 0.436 9.282 0.176 82292.5 0.001 * 

Proximity to Water (m) 1655.412 140.887 1642.136 39.057 93930.5 0.177 

Terrain Ruggedness (250 m) 6.019 0.216 5.203 0.076 85341.0 0.005 * 

Table 2-14. Results of Mann-Whitney U tests for determining univariate selection by 
bison at the habitat level. Reported are the mean, standard error of the mean (S.E.), the 
value of the Mann Whitney-U statistic and the significance of the test statistic (*statistical 
significance was set at p<0.05). 

Bison (n=66) Random (n=2000) 
Variable Mean S.E. Mean S.E. U p-value 

Elevation (m) 987.584 14.141 1140.924 4.366 34135.5 <0.001 * 

Slope (degrees) 2.131 0.188 9.282 0.176 23791.0 O.001 

Proximity to Water (m) 348.024 85.062 1642.136 39.057 23867.0 <0.001 * 

Terrain Ruggedness (250 m) 1.274 0.164 5.203 0.076 22921.0 <0.001 * 
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Figure 2-12. The percent availability (n=2000) of elevation and percent use by caribou 
(n=102) and bison (n=66) at the habitat level. 
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Figure 2-13. The percent availability (n=2000) of slope and percent use by caribou 
(n=102) and bison (n=66) at the habitat level. 
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Figure 2-14. The percent availability (n=2000) of proximity to water and percent use by 
caribou (n=102) and bison (n=66) at the habitat level. 
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Figure 2-15. The percent availability (n=2000) of terrain ruggedness and percent use by 
caribou (n=102) and bison (n=66) at the habitat level. 
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Figure 2-16. The percent availability (n=2000) of habitat type and percent use by caribou 
(n=T02) and bison (n=66) at the habitat level. (CF = Coniferous Forest; CWOS = Conifer 
Woodland/Open Shrub; CS = Closed Shrub/ Deciduous Forest; OSG = Open Shrub-Graminoid; W S S M = 
Wet Sedge-Shrub Meadows; A G = Aspect Grassland; Water (i.e. Lakeshores); A M S = Alpine 
Meadow/Shrub; A D = Alpine Dryas; R G = Rock/Gravel ) 
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Figure 2-17. The percent availability (n=2000) of aspect categories and percent use by 
caribou (n=102) and bison (n=66) at the haibtat level. 
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Table 2-15. Comparison of caribou late winter resource selection models at the level of the 
habitat (n u s e d = 102, navailabie=2000). Reported are the logistic regression -21og-likelihood (-
2LL), the number of parameters in the model (K), the relative AIC C (A, ) and the Akaike weight 
(co; ). Variables included in the model selection were Habitat Type (H), Elevation (E), Aspect 
(A), Proximity to Water (W), and Terrain Ruggedness (T). Models are ranked from lowest to 
highest Aj values. The dotted line indicates when model A, >2. 

Model -2LL K A; M; 

H , E, A , W 708.596 16 0.000 0.389 

H, E, A 711.136 15 0.509 0.302 

H, E, A , T 710.480 16 1.884 0.152 

H, E, A , W, T 708.512 17 1.949 0.147 

H, A 721.858 14 9.202 0.004 

H , A , W 719.972 15 9.345 0.004 

H, A , W, T 719.390 16 10.794 0.002 

H , A , T 721.782 15 11.155 0.001 

H, E, W, T 741.351 13 26.668 0.000 

H, E , T 743.632 12 26.924 0.000 

H, E 746.508 11 27.777 0.000 

H , E , W 746.142 12 29.434 0.000 

H , W , T 750.606 12 33.898 0.000 

H , T 753.290 11 34.559 0.000 

E, A , W, T 765.799 7 38.996 0.000 

A, W 768.073 6 39.256 0.000 

A , T 768.122 6 39.305 0.000 

A , W, T 766.531 7 39.728 0.000 

E, A 768.740 6 39.923 0.000 

A 771.115 5 40.287 0.000 

E, A , T 767.438 7 40.635 0.000 

E, A , W 766.320 8 41.532 0.000 

H 764.925 10 44.173 0.000 

H , W 764.924 11 46.193 0.000 

T 810.511 2 73.660 0.000 

E, T 809.161 3 74.316 0.000 

W, T 809.192 3 74.347 0.000 

E, W, T 807.730 4 74.892 0.000 

E 816.029 2 79.178 0.000 

W 816.200 2 79.349 0.000 

E, W 816.029 3 81.184 0.000 
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Table 2-16. AIC best model (A, = 0 ) for caribou resource selection ( N u s e d = 102, N a v a i | a b l e = 
2000) at the level of the habitat. Reported are the beta coefficient (B), coefficient S.E., 
direction of the coefficient {+1-), odds ratio (exp (B)), the 95% confidence interval (CI) for the 
odds ratio, and the selection strength1. Selection strength was only calculated for odds ratios 
for which the 95% confidence interval does not include 1. Grayed areas indicate variables not 
included in the model. 

Best Model (A, =0.000) 

Caribou (I) vs Available (0) 

Variable +/- B S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest - 0.270 0.452 0.763 0.315 1.85 
Closed Shrub - 1.015 0.346 0.362 0.184 0.714 63.8 
Open Shrub/Graminoid - 1.792 0.606 0.167 0.051 0.546 83.3 
Wet Sedge-Shrub Meadow - 7.251 26.037 0.001 <0.001 1.03E+19 
Water - 0.679 0.752 0.507 0.116 2.216 
Aspect Grassland - 7.303 35.376 0.001 <0.001 8.71E+26 
Alpine Meadow/Shrub - 2.885 0.797 0.056 0.012 0.266 94.4 
Alpine Dryas - 9.210 15.283 O.001 <0.001 1.02E+09 
Rock/Gravel - 9.543 20.722 <0.001 O.001 3.41E+13 

Elevation b + 0.317 0.094 1.374 1.142 1.652 37.4 

Aspect c 

N-facing + 1.224 0.355 3.401 1.696 6.821 240.1 
E-facing + 1.687 0.335 5.404 2.805 10.413 440.4 
S-facing - 0.030 0.498 0.970 0.366 2.575 
W-facing + 0.657 0.379 1.929 0.918 4.053 

Proximity to Water d - 0.010 0.007 0.990 0.977 1.003 

Terrain Ruggedness e 

1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
c Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 250 m radius moving window routine. 
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proximity to water was included in the best model, its selection strength could not be 

determined since the 95% confidence interval for the odds ratio included the value of 1. 

Habitat type and aspect were the only variables included in the parsimonious resource 

selection model for bison (Table 2-17). Compared to the coniferous woodland/open 

shrub habitat type, bison strongly selected for habitat types that were graminoid or shrub 

dominated (Table 2-18). Bison showed the strongest selection for lakeshores (water 

habitat type) and wet sedge-shrub meadow habitat types in that they were 5600% more 

likely to select lakeshores and 5200% more likely to select wet-sedge shrub meadow 

habitat type than coniferous woodland/open shrub. 

Resource Overlap: 

Univariate Comparison of Caribou and Bison Resource Use: 

Significant univariate differences were found when caribou use was compared to bison 

use of each variable at the habitat level (Table 2-19). Caribou utilized higher elevations, 

steeper slopes, distances farther away from water and greater ruggedness than did bison 

(Figure 2-12 to 2-15). There was a significant difference in the use of habitat types 

between caribou and bison (%2 (4) = 129.033, pO.001) (Figure 2-16) and in the aspects 

used by these two species (%2 (4) = 102.916, pO.001) (Figure 2-17). 

Multivariate Models - Comparison of Caribou and Bison Resource Use: 

Habitat type, elevation and terrain ruggedness were all included in the best-supported 

model for assessing caribou resource use in relation to bison use (Table 2-20). Compared 

to bison, caribou were 98% and 100% less likely to use open shrub-graminoid and water 

habitat types, respectively, than coniferous woodland/open shrub (Table 2-21). Caribou 

selected for higher elevations compared to bison. Strength of selection indicated that for 

every 100 m increase in elevation the probability of selection by caribou compared to 

bison increased 402%. 
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Table 2-17. Comparison of bison late winter resource selection models at the level of the 
habitat (n u s e d = 66, n a v a ii a b l e=2000). Reported are the logistic regression -21og-likelihood (-
2LL), the number of parameters in the model (K), the relative AIC C (A¿ ) and the Akaike weight 
(GO, ). Variables included in the model selection were Habitat Type (H), Elevation (E), Aspect 
(A), Proximity to Water (W), and Terrain Ruggedness (T). Models are ranked from lowest to 
highest A, values. The dotted line indicates when model A¡ >2. 

Model -2LL K A, u¡ 

H, A 350.360 14 0.000 0.219 

H, E, A 348.548 15 0.217 0.197 

H , A W 349.137 15 0.806 0.146 

H , E, A W 347.224 16 0.925 0.138 

H , A , T 350.356 15 2.025 0.080 

H, E, A , T 348.361 16 2.062 0.078 

H , E, A , W, T 346.657 17 2.391 0.066 

H, A W, T 349.095 16 2.796 0.054 

H , T 363.889 11 7.453 0.005 

H , E, T 362.145 12 7.732 0.005 

H , W , T 362.501 12 8.088 0.004 

H , E, W, T 360.476 13 8.089 0.004 

H , E, W 363.235 12 8.822 0.003 

H , E 367.098 11 10.662 0.001 

H, W 368.640 11 12.204 0.000 

H 373.767 10 15.309 0.000 

E, A , W, T 449.976 7 85.466 0.000 

E, A , W 451.003 8 88.508 0.000 

A , W, T 455.221 7 90.711 0.000 

A, W 459.976 6 93.452 0.000 

E, W, T 465.267 4 94.722 0.000 

W , T 469.534 3 96.981 0.000 

E, A , T 463.180 7 98.670 0.000 

A T 467.298 6 100.774 0.000 

E, A 468.900 6 102.376 0.000 

E, T 478.284 3 105.731 0.000 

T 481.784 2 107.225 0.000 

A 481.146 5 112.610 0.000 

E, W 485.707 3 113.154 0.000 

W 507.663 2 133.104 0.000 

E 528.166 2 153.607 0.000 
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Table 2-18. AIC best model (A, = 0 ) for bison resource selection (n u s e d = 66, n a v a n a b i e = 2000) 
at the level of the habitat. Reported are the beta coefficient (8), coefficient standard error 
(S.E.), direction of the coefficient (+/-), odds ratio (exp (8)), the 95% confidence interval (CI) 
for the odds ratio, and the selection strength1. Selection strength was only calculated for odds 
ratios for which the 95% confidence interval does not include 1. Grayed areas indicate 
variables not included in the model. 

Best Model (A, =0.000) 
Bison (I) vs Available (0) 

Variable +/- 6 S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest - 6.402 33.756 0.002 <0.001 8.97E+25 
Closed Shrub + 1.631 0.825 5.110 1.014 25.764 411.0 
Open Shrub/Graminoid + 2.075 0.704 7.961 2.002 31.653 696.1 
Wet Sedge-Shrub Meadow + 3.963 0.684 52.592 13.751 201.145 5159.5 
Water + 4.036 0.621 56.593 16.758 1.91E+02 5559.3 
Aspect Grassland + 3.136 1.220 23.020 2.106 2.52E+02 2202.0 
Alpine Meadow/Shrub - 5.051 34.837 0.006 <0.001 2.88E+27 
Alpine Dryas - 5.602 39.505 0.004 <0.001 1.56E+31 
Rock/Gravel - 5.514 54.403 0.004 <0.001 8.19E+43 

Elevation b 

Aspect c 

North-facing - 1.403 1.048 0.246 0.032 1.917 
East-facing - 8.227 22.338 <0.001 O.001 2.76E+15 
South-facing - 8.252 23.265 O.001 <0.001 1.66E+16 
West-facing - 1.294 0.753 0.274 0.063 1.200 

Proximity to Water d 

Terrain Ruggednesse 

' Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
0 Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 250 m radius moving window routine. 
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Table 2-19. Results of Mann-Whitney U tests for determining univariate differences 
between caribou and bison resource use at the habitat level. Reported are the mean, 
standard error of the mean (S.E.), the value of the Mann-Whitney U statistic and the 
significance of the test statistic (*statistical significance was set at p<0.05). 

Caribou (n= 102) Bison (n= =66) 

Variable Mean S.E. Mean S.E. U p-value 

Elevation (m) 1149.122 7.565 987.584 14.141 789.5 <0.00! * 

Slope (degrees) 10.092 0.436 2.131 0.188 285.0 <0.001 * 

Proximity to Water (m) 1655.412 140.887 348.024 85.062 873.5 <0.001 * 

Terrain Ruggedness (250 m) 6.019 0.216 1.274 0.164 328.0 O.001 * 
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Table 2-20. Comparison of models of caribou (n=102) late winter resource use relative to 
bison resource use (n=66) at the habitat level. Reported are the logistic regression -^log-
likelihood (-2LL), the number of parameters in the model (K), the relative AICc (A, ) and the 
Akaike weight (co, ). Variables included in the model selection were Habitat Type (H), 
Elevation (E), Aspect (A), Proximity to Water (W), and Terrain Ruggedness (T). Models are 
ranked from lowest to highest A, values. The dotted line indicates when model A, >2. 

Model -2LL K A ; M; 

H, E, T 29.053 10 0.000 0.303 

H , E 31.372 9 0.057 0.295 

H , E, W 30.341 10 1.288 0.159 

H , E , W, T 28.415 11 1.653 0.133 

H , E, A 25.334 13 3.243 0.060 

H , E, A , W 24.996 14 5.287 0.022 

H , E, A , T 25.322 14 5.613 0.018 

H , E, A , W, T 24.954 15 7.658 0.007 

H , T 40.716 9 9.401 0.003 

H , W , T 40.503 10 11.450 0.000 

H , A 38.504 12 14.063 0.000 

H, A , T 36.603 13 14.512 0.000 

H , A , W 38.321 13 16.230 0.000 

H , A , W, T 36.522 14 16.813 0.000 

E, W, T 71.023 4 28.814 0.000 

E, A , W, T 67.901 7 32.147 0.000 

E, T 76.955 3 32.647 0.000 

H , W 65.790 9 34.475 0.000 

H 68.995 8 35.446 0.000 

E, A , T 72.112 7 36.358 0.000 

E, A , W 73.496 8 39.947 0.000 

E, A 79.389 6 41.456 0.000 

W , T 91.592 3 47.284 0.000 

T 95.227 2 48.845 0.000 

A , T 88.711 6 50.778 0.000 

A , W, T 86.614 7 50.860 0.000 

A , W 97.947 6 60.014 0.000 

A 101.250 5 61.166 0.000 

E, W 106.646 3 62.338 0.000 

E 138.295 2 91.913 0.000 

W 166.042 2 119.660 0.000 
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Table 2-21. AIC best model (A, = 0) for caribou (n=102) resource use relative to bison 
(n=66) resource use at the level of the habitat. Reported are the beta coefficient (6), the 
coefficient standard error (S.E.), direction of the coefficient (+/-), odds ratio (exp (6)), the 
95% confidence interval (CI) for the odds ratio, and the selection strength1. Selection strength 
was only calculated for odds ratios for which the 95% confidence interval does not include 1. 
Grayed areas indicate variables not included in the model. 

Best Model (A, =0) 
Caribou (I) vs Bison (0) 

Variable +/- e S.E. exp(C) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest + 8 568 96 477 5261.432 <0.001 7.0E+85 
Closed Shrub - i 676 2 472 0.187 0.001 23.77 
Open Shrub/Graminoid - 4 146 1 456 0.016 0.001 0.28 98.4 
Wet Sedge-Shrub Meadow - 11 039 77 518 O.001 O.001 1.5E+61 
Water - 6 071 1 582 0.002 <0.001 0.05 99.8 
Aspect Grassland - 13 745 270 821 <0.001 0.000 3.58E+224 
Alpine Meadow/Shrub + 1 916 186 618 6.793 <0.001 4.80E+159 

Elevation b + 1 613 0 624 5.016 1.478 17.03 401.6 
Aspect 0 

North-facing 
East-facing 
South-facing 
West-facing 

Proximity to Water d Proximity to Water d 
.... .- •..:; . .. _ . ^ 

Terrain Ruggedness e + 0 419 0 277 1.520 0.884 2.61 

' Selection strength was calculated using the equation (l-exp(C))*100 (Theberge 2002). 
a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
0 Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 250 m radius moving window routine. 
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2.4.3 Feeding Site Selection and Overlap 

Resource Selection: 

The habitat types within which the 19 bison and 19 caribou ground-surveyed feeding 

sites were located are listed in Table 2-22. 

Feeding site selection: 

Nested A N O V A tests conducted to determine feeding site selection (i.e., feeding zone 

vs. adjacent non-feeding zone) indicated that caribou selected sites for foraging with 

greater amounts of lichen and fewer amounts of dwarf shrub (Table 2-23). The most 

common vegetation within the feeding zones of caribou feeding sites were mosses and 

lichens. Snow depth and hardness were not significantly different in caribou feeding 

zones compared to adjacent non-feeding zones. 

Conversely, bison selected for sites with greater amounts of graminoids and fewer 

amounts of lichens, mosses, shrubs, and dwarf shrubs. The most common vegetation 

type in bison feeding zones was graminoids (Table 2-24). Bison feeding zones had 

significantly less deep and less hard snow than in the adjacent non-feeding zones. 

Crater selection: 

Caribou selected to remove snow to access vegetation (i.e., crater) in areas that had 

higher amounts of lichen cover and lower graminoid, moss, shrub and dwarf shrub cover 

compared to the feeding zones of their feeding site (Table 2-25). Again, snow depth did 

not significantly differ in areas where caribou selected to crater compared to other areas 

in the feeding sites. Bison, on the other hand, elected to crater in areas with significantly 

more graminoids and fewer amounts of mosses and shrubs than was available elsewhere 

in the feeding site (Table 2-26). Bison also selected to crater in areas with shallower 

snow. 
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Table 2-22. A description of the habitat type recorded for the 19 caribou and 19 bison ground 
surveyed feeding sites, their location on the landscape and corresponding supervised 
classification habitat type. 

Location on the 
Landscape 

Corresponding 
Feeding 
Site # 

Description of vegetation type 
Location on the 

Landscape 
Classification 

Class' 

Caribou 1 Open white spruce with scattered shrub midslope CWOS 
2 Open white spruce with closed low shrub upland CWOS 
3 Open white spruce with medium shrub lowland/midslope CF 

A 
Open white spruce with closed shrub and grassy shore of lowland CWOS/Water 

4 lake 

5 Closed low shrub lowland/midslope CS 
6 Closed low shrub lowland/midslope CS 
7 Open low shrub with scattered white spruce midslope/upland CWOS 
8 Open white spruce with medium shrub midslope CWOS 
9 Open white spruce with medium to tall shrub lowland CWOS 
10 Open white spruce with low to tall shrub lowland/midslope CWOS 
11 Closed low shrub with scattered white spruce lowland CS 
12 Open white spruce with open shrub lowland CWOS 
13 Open low to med. shrub with scattered white spruce upland CWOS 
14 Open low shrub with scattered white spruce midslope/upland CWOS 
15 Open low shrub with scattered white spruce upland CWOS 
16 Closed low shrub and grassy shore of lake lowland CS/Water 
17 Open white spruce with closed low shrub lowland/midslope CWOS 
18 Sedge tussock meadow with shrub mounds lowland W S S M 
19 Closed low to medium shrub upland CS 

Bison 1 Graminoid meadow with sparse shrub lowland OSG 
2 Grassy shore of lake lowland Water 
3 Grassy shore of lake lowland Water 
4 Grassy shore of lake lowland Water 
5 sedge tussock meadow with low open shrub lowland W S S M 
6 Grassy shore of lake lowland Water 
7 Grassy shore of lake lowland Water 
8 Grassy shore of lake lowland Water 
9 Grassy shore of lake lowland Water 
10 Sedge tussock meadow with shrub mounds lowland W S S M 
11 Meadow (dried pond) lowland W S S M 
12 Meadow lowland W S S M 
13 Graminoid meadow with sparse shrub lowland W S S M 

14 
Sedge tussock meadow with a few scattered white lowland OSG 

14 spruce and shrub 

15 Grassy shore of lake lowland Water 
16 Grassy shore of lake lowland Water 
17 Meadow (dried pond) lowland W S S M 
18 Grassy shore of lake lowland Water 
19 Sedge tussock meadow with low open shrub lowland W S S M 

1 CWOS = coniferous woodland/open shrub; CS = closed shrub; W S S M = wet sedge-shrub meadow 
Water (I.e., lakeshore); OSG = open shrub/graminoid; CF = coniferous forest 
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Table 2-23. The mean and standard error (S.E.) of percent vegetation cover, snow depth and 
snow hardness in caribou feeding zones and adjacent non-feeding zones. Reported is also the 
F statistic and p-value of the nested A N O V A for determining caribou feeding site selection (* 
statistical significance was set at p< 0.05). 

Feeding Site Selection 
Feeding Zone 

Mean S.E. 
Adjacent Zone 

Mean S.E. F Statistic (1, 18) p-value 

Relative % cover 

Graminoids 9.358 1.604 6.362 1.019 2.273 0.146 

Lichens 30.114 2.350 24.023 2.203 5.941 0.024 * 

Mosses 38.463 2.176 42.731 2.333 4.055 0.056 

Shrubs 10.063 0.933 10.845 0.898 0.492 0.491 

Dwarf Shrubs 9.658 1.009 15.121 1.493 7.245 0.014 * 

Equisetum spp. 1.954 0.856 0.203 0.006 4.001 0.058 

Forbs 0.275 0.218 0.005 0.003 1.472 0.240 

Coniferous Seedlings 0.003 0.002 0.001 0.001 0.066 0.799 

Litter 0.005 0.005 O.001 <0.001 0.765 0.392 

Snow 

Depth (cm) 35.290 0.700 32.900 0.850 2.132 0.160 
Hardness (kg) 9.965 1.018 14.145 1.365 4.249 0.053 

Table 2-24. The mean and standard error (S.E.) of percent vegetation cover, snow depth and 
snow hardness in bison feeding zones and adjacent non-feeding zones. Reported is also the F 
statistic and p-value of the nested A N O V A for determining bison feeding site selection (* 
statistical significance was set at p< 0.05). 

Feeding Site Selection 
Feeding Zone 

Mean S.E. 
Adjacent Zone 

Mean S.E. F Statistici 1, 18) p-value 

Relative % cover 

Graminoids 68.751 3.181 24.460 2.709 139.881 O.001 * 

Lichens 0.206 0.107 4.945 1.016 24.398 <0.001 * 

Mosses 18.771 2.503 45.358 2.828 63.865 <0.001 * 

Shrubs 3.378 0.772 8.561 1.270 5.969 0.022 * 

Dwarf Shrubs 1.307 0.660 8.285 1.613 16.138 <0.001 * 

Equisetum spp. 4.637 1.582 3.791 1.526 0.277 0.602 

Forbs 0.315 0.253 0.367 0.304 0.496 0.488 

Coniferous Seedlings 0.009 0.009 0.006 0.003 0.117 0.735 

Litter 0.303 0.303 4.169 1.452 4.905 0.039 * 

Snow 

Depth (cm) 17.05 0.780 23.570 1.100 18.935 <0.001 * 
Hardness (kg) 1.603 O.001 6.848 1.442 9.491 0.004 * 
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Table 2-25. The mean and standard error (S.E.) of percent vegetation cover and snow depth 
in caribou craters and feeding zones. Reported is also the F statistic and p-value of the nested 
ANOVA for determining caribou crater selection (* statistical significance was set at p< 
0.05). 

Crater Selection Crater 
Mean S.E. 

Feeding Zone 
Mean S.E. F Statistic (1, 18) p-value 

Relative % cover 

Graminoids 3.243 0.595 9.358 1.604 23.070 <0.001 * 

Lichens 58.078 1.811 30.114 2.350 101.224 <0.001 * 

Mosses 24.914 1.548 38.463 2.176 33.645 <0.001 * 

Shrubs 5.907 0.440 10.063 0.933 18.226 <0.001 * 

Dwarf Shrubs 5.158 0.500 9.658 1.009 11.201 0.003 * 

Equisetum spp. 2.542 1.060 1.954 0.856 0.562 0.462 

Forbs 0.142 0.009 0.275 0.218 0.816 0.337 

Coniferous Seedlings 0.002 0.002 0.003 0.002 0.231 0.636 

Litter O.001 <0.001 0.005 0.005 0.872 0.362 

Snow 
Depth (cm) 36.557 0.687 35.290 0.700 0.926 0.348 

Table 2-26. The mean and standard error (S.E.) of percent vegetation cover and snow depth 
in bison craters and feeding zones. Reported is also the F statistic and p-value of the nested 
ANOVA for determining bison crater selection (* statistical significance was set at p< 0.05). 

Crater Selection 
Crater 

Mean S.E. 
Feeding Zone 

Mean S.E. F Statistici 1, 18) p-value 

Relative % cover 
Graminoids 76.248 2.142 68.751 3.181 6.294 0.017 * 
Lichens 0.151 0.009 0.206 0.107 0.007 0.932 
Mosses 13.992 1.528 18.771 2.503 4.584 0.040 * 
Shrubs 1.076 0.226 3.378 0.772 24.396 <0.001 * 
Dwarf Shrubs 1.578 0.623 1.307 0.660 0.390 0.538 
Equisetum spp. 6.282 1.655 4.637 1.582 3.049 0.086 
Forbs 0.222 0.138 0.315 0.253 0.998 0.331 
Coniferous Seedlings <0.001 O.001 0.009 0.009 0.939 0.342 
Litter 0.451 0.383 0.303 0.303 0.009 0.925 

Snow 
Depth (cm) 12.255 0.771 17.05 0.780 46.857 <0.001 * 

68 



Resource Overlap: 

Feeding site overlap: 

Results of the nested A N O V A tests for assessing overlap in vegetation cover in bison and 

caribou feeding sites showed that the relative percent cover of graminoids, lichens, 

mosses, shrubs and dwarf shrubs were significantly different (Table 2-27). For example, 

on average, graminoids made up 68% of bison feeding zones and only 9% of caribou 

feedings zones (Figure 2-18). Lichens, which made up 30% of caribou feeding zones, 

constituted less than 1 % of the vegetation in bison feeding zones. Mosses, which were 

the most abundant vegetation cover in caribou feeding zones (38%), were less than 20%» 

of vegetation in bison feeding zones. Nested A N O V A tests also indicated that caribou 

feeding zones were located in areas with significantly deeper and harder snow than bison 

feeding zones (Figure 2-20). 

Crater overlap: 

Similarly, the relative percent cover of graminoids, lichens, mosses, shrubs, and dwarf 

shrubs in bison and caribou craters were significantly different (Table 2-28). Lichens, on 

average, made up approximately 58% of the vegetation in caribou feeding craters and 

constituted less than 1% of the vegetation in bison craters (Figure 2-19). Conversely, 

graminoids which were the most abundant vegetation cover in bison feeding craters 

(76%) were approximately 3% of caribou feeding craters. Caribou also foraged in areas 

with significantly deeper snow than areas foraged in by bison. The average snow depth 

in caribou craters was 3 times that of bison craters (Figure 2-21). 
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Figure 2-18. Mean relative percent vegetation cover in caribou and bison feeding zones. 

Table 2-27. The mean and standard error (S.E.) of percent vegetation cover, snow depth and 
snow hardness in caribou and bison feeding zones. Reported is also the F statistic and p-value 
of the nested A N O V A for determining feeding site overlap (* statistical significance was set at 
p< 0.05). 

Caribou Bison 
Mean S.E. Mean S.E. F (1, 19) Statistic p-value 

Relative % cover 
Graminoids 9.358 1.604 68.751 3.181 70.285 <0.00l * 
Lichens 30.114 2.350 0.206 0.107 64.918 <0.00l * 
Mosses 38.463 2.176 18.771 2.503 8.392 0.009 * 
Shrubs 10.063 0.933 3.378 0.772 16.182 0.001 * 
Dwarf Shrubs 9.658 1.009 1.307 0.660 22.213 O.001 * 
Equisetum spp. 1.954 0.856 4.637 1.582 1.720 0.206 
Forbs 0.275 0.218 0.315 0.253 0.616 0.440 
Coniferous Seedlings 0.003 0.002 0.009 0.009 0.478 0.497 
Litter 0.005 0.005 0.303 0.303 0.240 0.629 

Snow 
Depth (cm) 35.290 0.700 17.05 0.780 94.525 O.001 * 
Hardness (kg) 9.965 1.018 1.603 <0.0()1 20.187 <0.001 * 
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Figure 2-19. Mean relative percent vegetation cover in caribou and bison craters. 

Table 2-28. The mean and standard error (S.E.) of percent vegetation cover and snow depth in 
caribou and bison craters. Reported is also the F statistic and p-value of the nested A N O V A for 
determining crater overlap (* statistical significance was set at p< 0.05). 

Caribou Bison 

Mean S.E. Mean S.E. F ( l , 18)Statistic p-value 

Relative % cover 
Graminoids 3.243 0.595 76.248 2.142 184.675 <0.001 * 
Lichens 58.078 1.811 0.151 0.009 331.215 O.001 * 
Mosses 24.914 1.548 13.992 1.528 5.393 0.032 * 
Shrubs 5.907 0.440 1.076 0.226 76.551 <0.001 * 
Dwarf Shrubs 5.158 0.500 1.578 0.623 14.386 0.001 * 
Equisetum spp. 2.542 1.060 6.282 1.655 0.416 0.527 
Forbs 0.142 0.009 0.222 0.138 0.167 0.687 
Coniferous Seedlings 0.002 0.002 <0.001 <0.001 0.984 0.334 
Litter <0.001 <0.001 0.451 0.383 1.392 0.253 

Snow 
Depth (cm) 36.557 0.687 12.255 0.771 90.762 O.001 * 
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Figure 2-20. Mean snow depth (a) and mean snow hardness (b) within the feeding zones 
of bison and caribou late winter feeding sites. 
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Figure 2-21. Mean snow depth of bison and caribou late winter feeding craters. 
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2.4.4 Forage Species Use and Overlap 

Resource Use: 

While several common plant species were identified in bison and caribou diets the 

amount of overlap in use of those species was minimal (Table 2-29). The most common 

plant fragments identified in caribou feces were lichen species, of which the most 

common were Cladina spp. and Cladonia spp. (36%), Cetraria spp. and Dactylina spp 

(9%), Alectoria spp., Bryonia spp., and Usnea spp. (8%) and Peltigera spp. (7%). The 

most common plant fragments identified in bison feces were sedges; the most common 

species were Carex aquatilis and C. atheroids (23%), C. vaginata (13%), and 

Eriophorum vaginatum (11%). Due to the variation in the digestibility of plant species 

only general plant groups (see below) were corrected for digestibility. 

Resource Overlap: 

Plant groups identified in bison and caribou feces were adjusted for digestion for resource 

overlap analysis (Appendix 3). The diets of bison and caribou were significantly 

different (Hotellings T-squared = 283.247, F(6, 21) = 991.365 , p<0.001). Univariate F-

tests indicated that conifer was the only plant group not significantly different in bison 

and caribou diets (Table 2-30). However, this forage class had the lowest representation 

in both diets (Figure 2-22). After adjusting for digestibility bison consumed significantly 

more sedges (83%) than caribou (4%) while caribou ate significantly more lichens (78%) 

than bison (1%). The overlap index for lichens, sedges and rushes, grasses, shrubs, 

mosses, forbs, and conifers indicated that bison and caribou diets overlapped by 

approximately 9.8%, or conversely differed by 90.2%. 
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Table 2-29. Percent mean and standard error of plant species fragments identified in 
caribou and bison feces. (Means have not been corrected for digestibility.) 

Plant species 
Caribou (n: =14) Bison (n= 14) 

Plant species 
%Mean +/- S.E. % Mean +/- S.E. 

Shrubs Betula nana leaf 0.16 0.16 
Betula nana stem 0.19 0.19 
Dryas stem 0.16 0.16 0.09 0.09 
Ericaceae family leaf 2.42 0.52 
Ericaceae family stem 0.15 0.15 
Kalmia 0.02 0.02 
Ledum 1.01 0.23 
Rhododendron 0.05 0.05 
Rubus stem 0.16 0.11 0.11 0.08 
Salix leaf/hair (catkin) 0.53 0.28 0.17 0.12 
Salix stem 1.00 0.32 0.93 0.39 
Shrub leaf 0.14 0.09 0.16 0.09 
Shurb stem 0.46 0.17 

Grasses Agrostis 0.03 0.03 
Agrostis 0.31 0.12 6.81 0.96 
Alopecurus 0.51 0.20 1.34 0.47 
Arctogrostis 0.52 0.29 1.94 0.44 
Bromus 0.21 0.13 0.91 0.27 
Calamagrostis 0.39 0.13 0.66 0.24 
Deschampsia 0.14 0.10 0.90 0.49 
Festuca 0.93 0.20 
Boa 0.03 0.03 0.79 0.23 
Other Grasses 0.75 0.29 1.34 0.32 

Sedges/Rushes Carex aquatilis/atheroids 0.56 0.20 22.49 2.27 
C. capitata/diandra 0.65 0.25 6.90 0.88 
C. phaeocephala 0.13 0.06 5.79 1.24 
C. saxatilis 0.12 0.06 6.84 0.85 
C. supina 2.16 0.32 
C. utriculata 2.54 0.43 
C. vaginata/virdula 0.49 0.17 13.03 1.87 
Carex spp. 0.62 0.27 1.64 0.44 
Scirpus/Eleocharis 0.95 0.22 
Eriophorum vaginatum 0.81 0.26 10.52 1.00 
Juncus/Luzula 1.15 0.44 6.54 0.79 

Forbs Equisetum 3.64 0.54 0.11 0.09 
Lupinus/Oxytropis 0.32 0.10 0.06 0.04 
Other forbs 0.11 0.05 0.28 0.11 

Lichens A lectoria/Bryoria/Usnea 8.21 0.77 
Cetraria/Dactylina 9.36 0.91 
Cladina/Cladonia 36.22 2.11 
Hypogymnia 0.29 0.15 
Nephroma 1.07 0.26 
Peltigera 7.28 0.54 
Sterocaulon 2.76 0.40 
Lichen spp 0.33 0.14 

Mosses Aulacomnium 1.59 0.25 
Classic Moss 10.87 0.84 
Polytrichum 2.91 0.50 
Selaginella 0.09 0.09 
Moss spp 1.19 0.34 2.73 0.80 

Other Conifer 0.06 0.06 
Total 100.00 100.00 
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Figure 2-22. The mean percentage of discernible plant fragments, adjusted for 
digestibility, in caribou (n=14) and bison (n=14) later winter diets. 

Table 2-30. The mean percentage and standard error (S.E.) of discernible plant 
fragments (adjusted for digestibility) in caribou (n=14) and bison (n=14) later winter 
diets. Reported are also the F statistic and p-value for assessing univariate differences in 
these diets (*statistical significance was set at p<0.05). 

Caribou Bison 

Plant type Mean S.E. Mean S.E. F (1, 26) statistic p-value 

Shrubs 5.9 0.6 1.9 0.6 19.943 <0.001 * 

Grasses 2.3 0.7 12.6 1.6 33.798 <0.001 * 

Sedges & Rushes 3.7 0.6 82.5 2.0 1427.309 <0.001 * 

Lichens 78.4 1.6 0.7 0.3 23.816 <0.001 * 

Forbs 2.9 0.5 0.5 0.2 2378.796 <0.001 * 

Mosses 6.8 0.6 1.9 0.2 36.106 <0.001 * 

Conifers 0.1 0.1 0 0 1.000 0.327 

75 



2.5 DISCUSSION 

Understanding how resource use influences the distribution of large mammals is the basis 

for exploring patterns of resource partitioning and competition (Cooke 1997). In the 

Aishihik Lake area, woodland caribou and wood bison used resources in a non-random 

and selective manner at the levels of the landscape, habitat, and feeding site. Caribou and 

bison diets suggested preferences for several plant species. 

2.5.1 Resource Selection by Wood Bison and Woodland Caribou 

Landscape level: 

At the landscape level, the resource selection model for caribou indicated that aspect, 

terrain ruggedness and proximity to water were useful predictors of caribou occurrence in 

the Aishihik Lake area. However, the model had a relatively low explanatory power (i.e., 

-2LL = 1581.4; a relatively high -2LL). This suggests that only a small proportion of the 

variation in caribou distribution at the landscape level was captured by these variables. I 

believe that this was a consequence of 2 potential sources of error in my study. 

First, it is likely that I did not include all the variables that could potentially influence 

caribou landscape distribution. As previously mentioned, in addition to forage 

distribution, variables such as exposure to prédation risk and snow conditions and 

accumulation patterns may also have a significant influence on the spatial patterns of 

caribou in winter. Given the scope of this study, measuring these additional variables 

would have been impractical at such as large scale. Nevertheless, variables that were 

included in this study provided insight into distribution patterns of caribou at the 

landscape level. 

Rettie and Messier (2000) hypothesized that space use patterns and selection of landscape 

attributes by caribou are most influenced by avoidance of predators while selection at 

finer scales are driven by microclimate and dietary needs. Laundre et al. (2001) 

suggested that as ungulates move across the landscape they constantly adjust their 
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behaviour in relation to prédation risk. Bergman (2000) found that caribou were 

unpredictable in their movements across the landscape and presumed that this behaviour 

was to minimize risk of prédation. Resource selection by the Aishihik caribou at the 

level of the landscape suggested that their distribution was consistent with predator 

avoidance strategies described above. For example, caribou used a wide range of 

elevations, slopes, aspects, terrain ruggedness and distances from water (Figure 2-4 to 2-

8) and, as a result, reduced the predictability of their occurrence. Lichens, the preferred 

forage of caribou, are widely distributed in the study area (see habitat section below), and 

therefore, allow caribou to be unpredictable in their occurrence. Furthermore, caribou 

tend to spatially separate themselves from habitats occupied by alternate prey species 

such as moose with which wolves associate (Seip 1992, Cumming et al. 1996). Seip 

(1992) indicated that caribou in southeastern British Columbia used high elevations in 

subapline forests during late winter while moose and wolves remained almost exclusively 

in valley bottoms. Poole et al. (2000) also found that caribou in central British Columbia 

avoided low elevations and used intermediate and high elevations presumably to 

minimize prédation risk from wolves. Likewise, the Aishihik caribou selected for areas 

with greater terrain ruggedness and at greater distances from water - areas less 

commonly used by bison, and likely moose and wolves, in the late winter. The Aishihik 

Lake area, situated in the snow shadow of the St. Elias Mountain Range, has minimal 

snow limitations for caribou (Farnell et al. 1996). Consequently, snow accumulation 

patterns should generally have little influence on caribou distribution at the landscape 

level. 

Secondly, the error associated with the Y D R R caribou locations would have introduced 

inaccuracies into the estimation of their actual location on the landscape and, therefore, 

likely resulted in weaker selection strengths. This may be particularly evident for 

variables such as aspect since the most common aspect within an error polygon of 250 m 

or 1 km around each location was used in the analysis. However, the modal aspect within 

a 1 km polygon may not necessarily have been the aspect used by caribou at the time of 

the survey. As a result of these 2 potential sources of error, the resource selection model 
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developed for caribou in this study would allow for only a crude estimation of caribou 

occurrence on the landscape. 

The resource selection model for bison indicated that elevation, aspect, proximity to 

water, and terrain ruggedness were useful predictors of bison occurrence on the 

landscape. While the variables included in the selection model accounted for a greater 

proportion of the variation in bison distribution than for caribou, the explanatory power 

was still relatively low (i.e., -2LL = 1202.9; a relatively high log-likelihood). This can 

also be attributed to the same errors in study design and data collection discussed for 

caribou (i.e., exclusion of other influential variables and inaccuracies associated with data 

collection). The amount and duration of snow can also influence the distribution of bison 

on their winter ranges (Carbyn et al. 1993). However, since the Aishihik area lies in a 

snow shadow and bison can withstand greater depths of snow than other ungulates 

(Larter and Gates 1991), it is likely that snow accumulation patterns did not limit bison 

distribution at the landscape level. Similarly, in the absence of effective predators, bison 

were probably not responding to varying levels of predator risk. Larter and Gates (1990) 

suggested that the extent of wood bison home ranges in the Mackenzie Bison Sanctuary, 

NWT were related to forage distribution and habitat productivity. In this study, the 

resource selection model for bison illustrated that they had an affinity for low elevation, 

level areas in close proximity to water. These selection tendencies of bison coincide with 

the location of interconnected lake and sedge meadow systems in the Aishihik Lake area. 

Given their sedge-dominated diet it is likely that the distribution of bison in the Aishihik 

Lake area was influenced by forage distribution and habitat productivity. This hypothesis 

is confirmed by the strong selection for sedge-dominated habitat types by bison at the 

habitat level. 

Habitat level: 

At the habitat level, my results indicated that habitat type, aspect, and elevation were 

substantial predictors of the location of caribou feeding sites. 75% of caribou feeding 

sites were located in coniferous (spruce) woodland/open shrub habitats. The use of open 

78 



or sparse coniferous habitats found in this study was consistent with other woodland 

caribou herds in the Yukon. For example, the Little Ranchería herd, located in 

southeastern Yukon, used mixed forest communities dominated by scattered white and 

black spruce types almost exclusively during the winter (Farnell and McDonald 1990). 

The Klaza herd, located in close proximity to the Aishihik Lake area, also used 

predominantly open and sparse spruce habitat types during late winter (Farnell et al. 

1991). Based on diet (i.e., one of predominantly lichens) it would be expected that 

caribou would select for coniferous woodland/open shrub habitat type since terrestrial 

lichens are relatively common in this habitat (Table 2-12). This suggests that an 

availability of preferred forage species strongly influenced caribou selection of feeding 

sites - an observation that becomes more apparent at the feeding site level. In addition, 

predator avoidance behaviour likely had some influence regarding the location of 

foraging sites. The Aishihik caribou herd selected foraging sites at higher elevations 

within their preferred habitat type even though the coniferous woodland/open shrub 

habitat type was the most common in the study area and occurred at a wide range of 

elevations. 

As previously discussed, snow conditions are generally not limiting for caribou in the 

Aishihik area. However, during early winter of 2000 (prior to late winter field data 

collection for this study), the Haines Junction area, located 80 km south of Aishihik 

village, experienced atypical seasonal conditions. Abnormally high temperatures 

followed by snow, wind, rain, and low temperatures caused unusual snow conditions in 

the region (L. Larocque, pers. comm.). While it was difficult to determine how far 

reaching the effects were in the Aishihik area, pre-late winter snow conditions may have 

influenced caribou feeding site distribution during late winter of 2000. Based on feeding 

site level surveys, ice was only detected in one caribou feeding site indicating that areas 

surveyed for this study were relatively unaffected by the abnormal conditions to the 

south. However, based on the presence of arboreal lichens and the relatively high 

prevalence of moss in caribou late winter diets analyzed in this study (see feeding site 

and forage species sections below), it appears that snow and ice conditions may have 
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adversely affected forage availability and altered foraging behaviour of caribou in some 

parts of their range. 

My results indicated that bison feeding sites were strongly influenced by habitat type at 

this scale of investigation. Almost 80% of bison feeding sites occurred along lakeshores 

and in wet-sedge shrub meadows. Larter (1988) found that forage biomass, quality and 

availability within habitats were the main factors affecting habitat choice by bison. Mai 

(1987) and Greenfield (1990) reported wet sedge-dominated habitat types as having the 

greatest herbaceous standing crop as compared to other habitat types in the Nisling and 

Aishihik Lake area. Again, based on bison diet preferences (i.e., one of predominately 

sedge), it is expected that bison would select for these habitat types. Other studies have 

also demonstrated that bison prefer sedge-dominated habitats during winter (Meagher 

1973, Larter and Gates 1991, Bergman 2000, Fortin et al. 2000b). Interestingly, Fortin et 

al. (2000a) found that at larger scales of investigation (i.e., the habitat level) bison 

distribution was more influenced by meadow characteristics (e.g., meadow size) and 

characteristics of adjacent areas than by the amount of preferred forage. For example, 

groups of bison were more likely to be found in meadows that were close to other 

meadows. Reynolds et al. (1978) also reported that the winter range of bison in the 

Slave River Lowlands included smaller meadow areas protected from winter winds. 

There were differences in observability and, therefore, detection of feeding sites among 

habitat types. For example, the detection of feeding sites was difficult in wind-blown 

alpine regions, in valley bottoms where snow accumulation was low and in forested areas 

with dense tree cover. Consequently I may have underestimated bison and caribou use of 

the following habitats: wet sedge-shrub meadows, lowland open shrub-graminoid habitat, 

alpine dryas, alpine shrub-meadow, and coniferous forest. Based on diet, however, it is 

more likely that I underestimated bison use of wet sedge-shrub meadows and lowland 

open shrub/graminoid-dominated habitats and caribou use of coniferous forests and 

alpine regions. As a result, i f detection of feeding sites was equal for all habitat types 

during data collection it is probable that the degree of habitat partitioning detected in this 

study would not change greatly. 
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Additionally, during surveys at the feeding site level, I observed and documented 

evidence of caribou feeding along lakeshores, particularly when foraging in adjacent 

shrub or coniferous-dominated habitat types, and in small patches of graminoids along 

drainage ways. In most cases, both areas of use were small in size and so were not 

identifiable from the air. Consequently, use of these graminoid-dominated patches by 

caribou was not well documented during aerial surveys. Again, based on late winter diet 

of caribou, in which graminoids represented only 6%, it is evident that these areas were 

used much less frequently then coniferous and shrub-dominated habitats. 

Feeding site: 

At the feeding site level, snow did not factor into the feeding site selection by caribou 

within habitat patches since snow depth and hardness were not significantly different 

between feeding zones (i.e., within and adjacent to feeding sites). However, snow 

characteristics may have been a factor within some of the habitat patches used by 

caribou. While the winter diet of the Aishihik caribou consisted largely of terrestrial 

lichens, approximately 8%5 consisted of arboreal lichens (Alectoria, Bryoria and Usnea 

spp.). Arboreal lichens were not detected in the diet of the Aishihik caribou herd in other 

years (Farnell, unpubl.). Johnson et al. (2001) found that when snow conditions were 

limiting, caribou began feeding on more accessible arboreal lichens. This indicated that 

snow conditions may have been limiting within various regions of the study area. 

It is apparent from several studies on Rangifer diet that food habits vary greatly between 

herds depending on the availability of plant species (Boertje 1981). However, lichens are 

consistently reported as the most significant component of the winter diet of woodland 

caribou in forested environments (Russell and Martell 1984, Farnell and MacDonald 

1989, Farnell and MacDonald 1990, Farnell et al. 1991, Thomas et al. 1996, Kuzyk and 

Farnell 1997, Rettie et al. 1997). Russell and Martell (1984) stated that selection of 

cratering sites by caribou is undoubtedly linked to their ability to detect lichens below the 

snow. This was reflected in the selection of feeding sites by Aishihik caribou. When 

5 Value not corrected for digestibility. 
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choosing where to crater within a feeding site, caribou selected for areas that had a high 

lichen cover. This finding is similar to other studies on caribou cratering activity 

(Biddlecomb 1992, Johnson et al. 2000). 

Bergman (2000) found that when examining differences in spatial scales bison make the 

strongest choices when deciding on the location of feeding sites and on which plant 

species to forage within a habitat patch. Bison in the Aishihik Lake area selected to 

forage in areas with greater amounts of graminoids than in adjacent areas. Given the 

strong preference of bison for sedges and grasses in this area and elsewhere (Reynolds 

1976, Reynolds et al. in press) the selection of feeding sites with high graminoid 

abundances is expected. While snow depths were not limiting for bison within or 

adjacent to feeding sites (Van Camp 1975) they selected for areas with shallower snow 

within which to crater. Reynolds and Peden (1987) reported similar findings for bison in 

the Slave River Lowlands, NWT. Furthermore, it was evident that bison in the Aishihik 

area often chose to forage in areas where graminoids were exposed due to low snow and 

therefore cratering was not necessary. 

Forage species: 

Russell and Martell (1984) stated that energy is perhaps the most important requirement 

for caribou in winter. Accordingly, energy-rich lichens comprised 78% (65% prior to 

correction for digestibility) of the Aishihik Lake herd diet. This proportion of lichens 

was less than in the diets of the Aishihik herd in other years (Farnell, unpubl.) and in 

other Yukon woodland caribou herds living in forested areas (Farnell et al. 1991, Kuzyk 

and Farnell 1997). While energy rich, lichens are poor in nutrients. As a result, other 

forages may be necessary to sustain the condition of caribou during winter (Russell and 

Martell 1984). Farnell et al. (1991) affirmed that graminoids (sedge and grass) and 

horsetails {Equisetum) are an important part of caribou winter diets since they supply 

relatively high amounts of nitrogen and protein The amount of graminoids and 

horsetails that were in the Aishihik herd's diet were similar to other woodland caribou 

herds in south and central Yukon (Farnell and McDonald 1989, Farnell and McDonald 
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1990, Kuzyk and Farnell 1997). Of concern is that moss made up approximately 6.8% 

(16.7% prior to being corrected for digestibility) of the Aishihik caribou diet. This 

amount was higher than the prevalence of moss in the diet of the Aishihik caribou in 

other years (Farnell, unpubl.) as well as in the diet of other herds (Farnell and McDonald 

1989, Farnell and McDonald 1990, Farnell et al. 1991, Kuzyk and Farnell 1997). While 

moss is ingested during normal feeding, a prevalence of moss of less than 5% in caribou 

diets indicates good range quality (Russell and Martell 1994 as cited by Kuzyk and 

Farnell 1997). This higher prevalence of moss in the Aishihik herd's diet may indicate 

that range quality was less than optimal for caribou at the time of this study. 

Sedges and grasses are the most important winter forage for several populations of free-

roaming bison (Reynolds et al. 1978, Larter and Gates 1991, Fortin et al. 2000b, Larter et 

al. 2000, Delgiudice et al. 2001, Reynolds et al. in press,). Likewise, the Aishihik winter 

diet consisted of 82% sedges and 13% grasses. Reynolds et al. (1978) found that during 

late winter bison diets were more proportional to forage availability than in other seasons. 

In other northern populations of bison, slough sedge (Carex atherodes) was the major 

forage species during winter (Reynolds 1976, Larter and Gates 1991, Fortin et al. 2000b). 

In the Aishihik Lake area, however, slough sedge is relatively uncommon (Mai 1987). 

Therefore, it is likely that water sedge (C. aquatilis) rather than slough sedge made up a 

larger proportion of their diet (Table 2-29). It is evident from the low proportion of 

shrubs, forbs, lichens and moss in the diet of bison that these plant groups were 

consumed incidentally or infrequently. 

2.5.2 Potential for Competition 

Spatially, greater than one-third of bison and caribou late winter landscape use 

overlapped (i.e., 95% utilization distributions; Figure 2-9; Table 2-11). Furthermore, the 

areas within which 50% of bison and caribou were likely to occur were in close 

proximity (i.e., 50% utilization distribution; Figure 2-9). However, these two species 

differed significantly in many aspects of resource selection at each level of analysis. 

Such differential resource selection is one of the key relationships which enables 
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sympatric species to coexist (Rosenzweig 1981). Differences were even more evident 

when bison and caribou resource use were compared to each other rather than to 

availability. 

At the coarsest scale of investigation bison and caribou were found to use the landscape 

differently with respect to elevation, aspect, proximity to water and terrain ruggedness. 

Compared to bison, caribou were more likely to use higher elevations, north-facing 

aspects (rather than flat aspects), and areas that were more rugged and further from water. 

Similar trends were also evident at the habitat level when I examined resource use within 

the main area of overlap of bison and caribou late winter range. Despite this spatial 

overlap, overlap in resource use was low. At the habitat level, the location of bison and 

caribou feeding sites could be strongly predicted by habitat type, elevation and terrain 

ruggedness. Compared to bison, caribou were found to forage at higher elevations and 

generally in non-graminoid-dominated habitat types. Bison and caribou did, however, 

show some overlap in their use of the following habitat types: coniferous woodland and 

open shrub, closed shrub, open shrub graminoid, and lakeshores (i.e., water habitat type). 

On the ground observations also confirmed that caribou foraged occasionally in wet-

sedge-shrub meadows, a habitat type often used by bison. The observed overlap in use of 

these habitats by these two species was limited in each case (Figure 2-16); these habitats 

were used infrequently by either one or both species. 

Overlap in resource use at the feeding site level was also minimal since bison did not 

select to forage in areas with high lichen abundance (i.e., areas selected by caribou) and 

caribou generally did not select to forage in areas with high graminoid abundance (i.e., 

areas selected by bison). Other significant differences included greater abundances of 

moss, shrub and dwarf shrub in caribou feeding sites and craters compared to bison. 

While bison cratered in significantly less deep snow than caribou, snow depths in bison 

and caribou feeding sites were within the range where they would not be limiting for 

either species (Van Camp 1975, Russell and Martell 1984). Therefore, snow depth was 

likely not a factor causing interspecies differences in feeding site location. Differences in 

diet provided the strongest evidence of resource partitioning between bison and caribou. 
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The overlap in their diet was less than 10%. There were significantly higher amounts of 

sedges and grasses in bison diets and significantly more lichens, shrubs, forbs and mosses 

in caribou diets. More importantly lichens made up nearly 80% of caribou diets and were 

less than 1% of bison diets; sedges made up greater than 80%» of bison diets but were less 

than 4%) of caribou diets. Based on these findings, I infer from the differential resource 

selection at the level of the landscape, habitat, and feeding site as well as the significant 

difference in diet that under current conditions the potential for competition between 

wood bison and woodland caribou is low. 

Similar concerns of interspecific competition have been expressed by local people in 

northern regions where muskoxen (Ovibus moschatus) have expanded into areas 

occupied by caribou/reindeer (Vincent and Gunn 1981, Smits 1989, Ihl and Klein 2001). 

Resource partitioning studies conducted on muskox and caribou documented 

insignificant overlap in resource use between these ungulates (Biddlecomb 1992, 

Schaefer et al. 1996). Klein ( 1991, 2001 ) argued that although these two species are 

challenged by similar environmental constraints, their morphological, physiological, and 

behavioural dissimilarities have resulted in unique ecological adaptations. Consequently, 

these adaptations have generally resulted in limited overlap in forage resource use 

between these two species. Similarly, bison and caribou also exhibit morphological, 

physiological, and behavioural adaptations which would enable them to exploit different 

forages and habitats. To understand further why bison and caribou select for certain 

resources it is useful to identify the adaptations which influence their selection 

particularly for specific forage species. 

Bison and caribou are derived from divergent evolutionary lines. Wood bison, like 

muskoxen, are a member of the family Bovidae while woodland caribou are a member of 

the family Cervidae. Although both subspecies are highly adapted to the environmental 

conditions of northern Canada (Russell and Martell 1984, Klein 1991, Gates et al. 2001) 

both have specific adaptations which enable them take advantage of, be constrained by, 

and therefore, select for different diets. In particular, mouth and gut morphology, 
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digestive capabilities, and body size predispose bison and caribou to different diets and 

enable them to be efficient in their particular feeding strategies. 

Bison are bulk feeders and are able to process large amounts of low quality forage 

(Hudson and Frank 1987). Unlike other grazing ungulates, bison use their massive heads 

to push snow out of the way to obtain forage (Reynolds et al. in press). This feeding 

behaviour in combination with a wide muzzle allows bison to consume efficiently large 

quantities of forage within a single feeding bout. Bison also possess a large body size 

and large rumen, the typical morphology of bulk feeders (Hanley 1982). Animals with 

larger body sizes have a lower specific metabolic rate and, therefore, can survive on a 

diet low in quality (Larter 1988). By having a large rumen, bison have a relatively slow 

rate of rumen turnover (Schaefer et al. 1978) and hence a longer retention time enabling 

them to more thoroughly digest diets high in cellulose (Larter 1988). Since bison can 

efficiently consume large quantities of forage and digest plants high in cellulose and low 

in quality, graminoids, which are highly resilient to the impacts of grazing (Klein 1991), 

make up the majority of their diet. 

Woodland caribou have a smaller body size compared to wood bison. Bull woodland 

caribou from the Burwash herd, located in the southwestern Yukon, weigh approximately 

180 kg while a mature bull bison can weigh as much as 1000 kg (YTG undated). 

Consequently, caribou have smaller rumens and a more rapid rate of passage of forage 

through the gut. To meet nutritional requirements caribou must be more selective in their 

feeding to obtain highly digestible plant material (Klein 1991). Caribou are better 

equipped for selective feeding than are bison, in part due to their narrower muzzles. 

Furthermore, selective feeding also requires greater mobility on a daily basis (Klein 

1991). Consequently, other adaptations such as leg length and broader hooves, in 

combination with a smaller body size, help to reduce the cost of locomotion for caribou. 

Given these characteristics, caribou are able to survive on highly digestible (Boertje 

1981) but much less resilient lichens (Klein 1991). Caribou preference for and ability to 

survive on lichens during winter is the primary nutritional adaptation distinguishing them 

from all other herbivores (Luick 1977 as cited by Russell and Martell 1984). 

86 



2.5.3 Further Considerations for Late Winter Resource Selection and Overlap 

There are other factors that may influence bison and caribou resource selection and 

competition during the late winter which could not be addressed by this study. These 

include: potential for interference competition, potential impact of lichen consumption by 

bison at other times of year, predator-prey interactions, and potential for competition 

during adverse conditions or increased population densities. 

Potential for interference competition: 

McHugh (1958) positioned bison at the top of the interspecific dominance hierarchy 

above elk, mule deer, pronghorn antelope, moose and white-tailed deer. Bison, for 

example, were observed occasionally forcing elk into deep snow and chasing elk from 

forage during summer. There is no published information on behavioural interactions 

between bison and caribou. However, responses collected during local knowledge 

interviews (Appendix 5) suggested that that some people were concerned about negative 

impacts on caribou resulting from behavioural interactions between the two species. For 

example, one interview participant stated that bison are territorial and that caribou 

appeared worried by approaching bison. Others indicated that bison scare caribou, 

caribou care that bison are around, and bison have caused caribou to move out of the 

area. Conversely, other interviewees would not expect negative interactions to occur 

between bison and caribou. 

Potential impact of lichen consumption by bison at other times of year: 

In the Mackenzie Bison Sanctuary (MBS), NWT, Larter and Gates (1991) found that 

while bison had a specialized affinity for sedge and grass-dominated meadows 

throughout most of the year, bison also used forested habitats during fall (August to 

October) when lichens constituted 16% to 41% of their diet. Larter and Gates (1991) 

suggested that consumption of lichens may be of transitory significance to help bison 

meet nutritional requirements for growth and maintenance. It is possible that lichen 

consumption by bison in the fall could impact the availability of lichens for caribou 

during the winter when resources are most limited. Lichens, however, were not 
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documented in diets of the Slave River Lowland bison (Reynolds 1976). Reynolds 

(1976) found that mainly grasses and sedges (as well as some forbs and browse) made up 

nearly 100% of bison diets throughout the year. 

Predator-prey interactions: 

Bison may play a significant role in affecting interactions between other large herbivores 

and their predators. In the Aishihik area, caribou are one of the major prey species of 

wolves (Hayes 1992). Generally, the impacts of prédation on caribou are greater in areas 

where other prey species (e.g., moose) support a greater number of wolves (Seip and 

Brown 1996). Likewise, Gates and Larter (1990) suggested that bison in M B S may 

actually intensify rather than divert prédation away from moose and caribou. Wood 

bison are the primary prey species for wolves in several parts of their range (Van Camp 

1987, Joly and Messier 2000). In the M B S , wolves did not prey on bison until about 20 

years after bison were reintroduced (T. Chowns, pers. comm.) but now are a major 

component of wolf diet (Larter 1994). Currently, it is unknown i f wolves are preying on 

bison in the Aishihik Lake area (M. Oakley pers. comm.). Consequently, under current 

conditions (i.e., little or no prédation on bison and low wolf densities due to wolf control 

program) it is difficult to predict the future resource requirements of both bison and 

caribou. 

Competition during increased population densities or low forage availability: 

In this study I assessed resource selection during the winter of 2000 when both bison and 

caribou herds were below ecological carrying capacity. Although there were strong 

differences in resource selection by bison and caribou, partitioning of resources was not 

absolute; bison and caribou used many of the same resources but at very different 

frequencies. While narrow overlap in resource use demonstrates that competition is not 

occurring presently, overlap in resource use, and hence a greater potential for 

competition, could become more evident during times of low forage availability (Klein 

and Staaland 1984) or high animal densities (Larter and Nagy 1997). 
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2.6 CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

This research demonstrated that under current conditions the potential for competition 

between bison and caribou in the late winter is low. As stated by Stewart et al. (2002) it 

is difficult to assess fully the potential for competition without experimentation because 

differential resources selection among sympatric species may have been a result of 

previous competitive interactions. However, several factors support the conclusion that 

resource overlap between bison and caribou is minimal. These factors include: the 

consistency of my results with others conducted on bison and caribou late winter resource 

selection, their unique adaptations which enable bison and caribou to survive on different 

diets, and the differential distribution of their preferred forage species within the study 

area. As a result, under current conditions, bison should not limit late winter resource 

availability for caribou and consequently these two species should be able to co-exist in 

the Aishihik Lake area. This conclusion should be considered in the context of other 

factors that may also potentially influence bison and caribou late winter resource 

selection and competition, namely: interference competition; impact of lichen 

consumption by bison at other times of year; competition during adverse conditions or 

increased population densities; and predator-prey interactions. Results and conclusions 

from this study should be used to inform future management of wood bison in the Yukon. 

89 



CHAPTER 3: Bringing Together Science, Local Knowledge and 
Management in the Yukon - Development of Management 

Recommendations 

3.1 DEVELOPMENT OF MANAGEMENT RECOMMENDATIONS 

Both science and local knowledge play an essential role in the Yukon's community-based 

resource management process (Hayes 2000). The results of this research in combination 

with local knowledge of bison and caribou were used to inform the development of 

management recommendations. The recommendations I generated from this research 

were specific to resource use and overlap, particularly in late winter, and concerns 

identified during local knowledge interviews related to interactions between bison on 

caribou, and impacts on other wildlife, the land and people living near them. I have 

designed practical recommendations to complement current management strategies and 

conservation goals of bison and caribou in the Aishihik Lake area. Recommendations 

were intended for the agencies responsible for the management of wildlife in the Aishihik 

Lake area (i.e., Y T G , C A F N , and Alsek Renewable Resource Council). A n 

understanding of the wildlife management planning process in the Yukon and current 

management plans for the Aishihik area will help to ensure that the recommendations are 

useful for managers and consistent with community based-wildlife planning. This 

chapter is divided into the following sections: a summary of the wildlife management 

planning process and parties involved in management; a description of the current plans 

used for managing bison and caribou; a summary of the information gathered during 

local knowledge interviews; and, management recommendations. 

3.2 WILDLIFE MANAGEMENT IN THE YUKON 

In 1993, the Umbrella Final Agreement (UFA) was signed and established a framework 

for the land claims of individual First Nations in the Yukon (CYFN and Y T G 1997). 

Prior to the ratification of this agreement the Yukon government was solely responsible 
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for the management of wildlife in the territory (Hayes 2000). With the signing of the 

UFA, First Nation governments, in cooperation with the territorial and federal 

government departments, now have a significant role in wildlife management planning 

and implementation. Additionally, new public management bodies were created to help 

decide how wildlife would be managed including the Yukon Fish and Wildlife 

Management Board (YFWMB) and local Renewable Resource Councils (Hayes 2000). 

The Y F W M B is primarily involved with the development of policy and legislation as 

well as addressing management issues throughout the Yukon (Hayes 2000). The board is 

made up of 12 members who are each appointed for a 5-year term. Six of the members 

are each nominated by Yukon First Nations while the other 6 are nominated by Y T G 

(UFA 1993). While the board is involved in overseeing all management strategies in the 

14 First Nation traditional territories, it is not involved in local management decisions 

(Hayes 2000). Once a First Nation ratifies their land claim agreement a local Renewable 

Resource Council (RRC) is established (UFA 1993). These councils play a role in 

facilitating communication between the local communities and other government bodies 

(Simmons and Netro 1995). Similar to Y F W M B the council is made up of an equal 

number of First Nation and non-First Nation members, however 6 rather than 12 

members are nominated for the RRC. In 1993, C A F N was one of the first to ratify their 

final agreement (CAFN Final Agreement 1993). Subsequently, the Alsek RRC was 

established as a "primary instrument" for the management of renewable resources in 

C A F N Traditional Territory (UFA 1993). Although these bodies play an integral part of 

wildlife management, Y T G still retains the authority to make final decisions regarding 

the management of wildlife and their habitats. However, Y T G is required to consider 

fully the recommendations made by the RRC and Y F W M B when making management 

decisions (C Y F N and Y T G 1997). Hayes (2000) provides further information on the 

roles and responsibilities of each wildlife management partner (i.e., Federal Government, 

Y T G , First Nation Government, Y F W M B , RRC). 
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Along with the change in wildlife management structure, a new approach to wildlife 

management planning was also established to ensure local participation in the planning 

process (Hayes 2000). Integrated Wildlife Management Plans are developed through 

community-based consultation and allow local people to contribute information to the 

wildlife management process in their area (Hayes 2000). Development of the plan (see 

Pelchat 1999) includes the involvement of community members, territorial and First 

Nation government representatives, RRC members and other affected parties. An 

independent facilitator is hired to run two community workshops. At the workshops, 

wildlife issues in the area are discussed, concerns to be addressed in the plan are decided 

upon and appropriate actions are developed. A l l partners must reach consensus with 

respect to the concerns addressed and the proposed actions. The plan is then submitted to 

Y T G for final approval. Progress on the plan's actions are reviewed on a yearly basis 

and new plans are developed every 5 years. 

3.3 MANAGEMENT OF AISHIHIK WOODLAND CARIBOU 

The Aishihik woodland caribou herd is currently managed under the Aishihik Integrated 

Wildlife Management Plan (YFWMB 1999). In addition to caribou, the plan also 

addresses management of sheep, moose, wolves, and grizzly bears in the area. The 

parties involved in the 5-year action plan are the YDRR, C A F N , and A R R C . The plan 

outlines the community-based concerns regarding wildlife in the Aishihik planning area, 

the management solutions, and the actions that will be carried out to address each 

solution. Each action was delegated to one (or more) of the parties involved to ensure it 

is effectively carried out. Delivery of the plan's actions commenced in June 1999 and 

will expire in May 2004. 
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There are 4 guiding principles which help to clarify the intentions of the Aishihik 

Integrated Wildlife Management Plan and how it will be executed (Textbox 3.1). Issues 

related to population size, habitat protection and wildlife harvesting were addressed with 

in the plan. Community concerns were related to the future status (i.e., size) of 

populations, particularly of caribou, moose and sheep. The solutions for addressing 

population size concentrated on monitoring animal populations and their environment 

using both scientific methods and local observations. Management actions related to 

caribou, which will be conducted in each year of the plan, include composition and 

distribution surveys and provision of a community observation system. Another action is 

to have caribou diets monitored which was done as a component of this MDP. A 

population count of the Aishihik caribou herd is scheduled for year 2002 of the plan (year 

2002 of the plan is from June 1, 2002 to May 31, 2003). The target population size for the 

Aishihik woodland caribou herd during the plan period is 2000 animals. 

Textbox 3.1: Principles of the Aishihik Integrated Wildlife Management Plan ( Y F W M B 1999) 

Principles: 

1. To take an ecosystem-based management approach so that populations stay within 
ecosystem tolerances and at levels that provide reasonable harvest opportunities for all 
hunters; 

2. To take an ecosystem-based management approach that maintains viable wolf populations 
that are consistent both with ecosystem integrity and prey populations established by the 
plan; 

3. To maintain a combined experimental and monitoring approach to the five-year plan; and, 

4. Major management decisions require a minimum of 2 years of information in order to 
increase the certainty of observed trends in predator and prey populations before 
responding with management actions. 
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Community concerns regarding wildlife harvests included: lack of hunting opportunities; 

impacts of hunting on predator-prey population balances; incomplete information on the 

number of animals harvested in the area; and, increasing hunting pressure due to 

increased access. One solution generated to address these issues included providing 

reasonable hunting opportunities once prey and predator population are at or near the 

target levels. Another approach focused on regulating and tracking harvesting by all 

hunters in the area. The hunting of caribou is currently deferred to allow the herd to 

continue to increase in size. A review of the hunting opportunities for caribou will be 

based on the 2002 census survey. 

While wildlife habitats in the Aishihik area are not considered to be under threat the 

documentation of key habitat was identified as a concern to some community members. 

The solution to this issue was to continue to document key habitat in the Aishihik area 

while working towards protection. A few of the actions related to wildlife habitats 

include continuing to identify key wildlife habitats, provide protection as needed, and 

considering ways of integrating and protecting landscape requirements of wildlife. One 

action specific to caribou was to determine and monitor the quality and condition of post-

calving range. Further details of the Aishihik Integrated Wildlife Management Plan are 

available at www.yfwmb.vk.ca/comanagement/. 

3.4 MANAGEMENT OF WOOD BISON IN THE YUKON 

The Aishihik wood bison herd is managed under the Yukon Bison Management Plan 

(YTG 1998). This plan was developed prior to the Aishihik Integrated Wildlife 

Management Plan and so all concerns related to bison have been addressed separately. 

Y D R R developed the 5-year bison management plan (1998-2003) in cooperation with 

Y F W M B and is meant to reflect the results of a thorough public consultation process. 

The management plan was developed to help fulfill YTG's commitment to aid in the 
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recovery of this subspecies while providing opportunities for local people (i.e., hunting 

and wildlife viewing) and addressing their concerns. 

The current Yukon Bison Management Plan (YTG 1998) is guided by six objectives 

(Textbox 3.2). This plan also consists of an action schedule based on a number of 

concerns related to: size and range of the herd; allocating, regulating and monitoring 

hunting; impacts of bison on the ecosystem; bison as a traffic hazard on the Alaska 

highway; diversifying the genetic stock of the herd; keeping the herd disease free; 

increasing public awareness of bison history and viewing opportunities; protecting bison 

habitat; competition with other species; bison range expansion; and, bison damage to 

fences, livestock feed and property. Along with several other actions, the size and range 

of the herd is currently monitored on a yearly basis. This MDP was initiated to fulfill, in 

part, the plan's action to begin bison impact studies. As previously mentioned the herd is 

currently being maintained at 500 individuals through permit hunting. The Yukon Bison 

Management Plan is currently under review, including a réévaluation of the current 

population cap on bison. A complete version of the 1998 to 2003 Yukon Bison 

Management Plan is available at www.yfwmb.yk.ca/comanagement/. 

Textbox 3.2. Objectives of the Yukon Bison Management Plan 1998 to 2003 (YTG 1998) 

Objectives: 

1. To establish a viable, free-roaming herd of Wood bison of about 500 in the area currently 
occupied by them; 

2. To maintain the genetic purity of the Yukon's Wood bison and, if possible, enhance their 
genetic repertoire to improve adaptation to the subarctic environment; 

3. To maintain the disease-free status of the Yukon's Wood bison; 

4. To develop habitat management strategies that will ensure the maintenance of the Wood 
bison range in its pristine condition; 

5. To optimize opportunities for hunting as well as non-consumptive uses of the Wood bison 
resource for the benefit of all Yukoners and visitors; and, 

6. To implement mitigative measures to reduce the impact of bison on other ecosystem 
components. 
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3.5 LOCAL KNOWLEDGE AND CONCERNS 

The use of local knowledge has been identified as an integral component of management 

in the Yukon (Hayes 2000). Accordingly, in August and September 1998, 19 semi-

directed interviews were conducted by the Lands and Resource Department of C A F N to 

obtain local knowledge of the Aishihik bison and caribou herds. The purpose of the 

interviews was to acquire a better understanding of the relationship between bison and 

other wildlife, especially caribou and moose, through local knowledge. Interview 

questions targeted four subjects: 1) interactions between moose, caribou and bison, 2) the 

impact bison may have on plants and other animals in the region, 3) interactions between 

bison and people, and 4) seasonal ranges of bison and caribou. Maps generated through 

the interviews on bison and caribou seasonal ranges were not made available by C A F N 

for this study. However, I have included summaries of the interview information for 

subjects 1, 2, and 3 in Appendix 5. It is evident from the interview data that the views 

toward bison cover a wide spectrum. 

The information collected during the local knowledge interviews could not be directly 

compared with the results of this study since questions were developed independently and 

with a broader purpose in mind. However, the information did provide useful insight into 

the interactions between bison and caribou and other concerns related to bison. The 

interview information summarized below was directly related to bison and caribou 

interactions, and impacts bison have on the land, other wildlife, and people. (Refer to 

Appendix 5 for further details of the interviews and on other information collected). 

3.5.1 Summary of knowledge on interactions between bison and caribou 

When asked if they have ever seen bison and caribou together the majority of the 

interview participants said no. However, others have seen bison and caribou feeding 

within a few hundred meters of each other. While one participant stated that caribou 

appeared to be "worried"1 by approaching bison, another participant mentioned that bison 

and caribou are "indifferent; not concerned physically". As well, several participants 

1 Quotes are taken from the interview data as written by the interviewer. It is unknown if these were the exact words 
used by the participant at the time of the interview. 
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have never seen bison and caribou in an area where the other animal had recently been. 

However, one interviewee mentioned that while this was the case she knew they were 

inhabiting the same areas. It was stated by a few people that they had seen bison and 

caribou tracks on top of each other in the winter. 

Although all interview participants (who responded) have neither seen nor heard about 

caribou and bison reacting to each other, it was mentioned by a few people that caribou 

are scared of bison, and that caribou do not like the smell of bison. Other interviewees 

indicated that wild animals know to stay away from unknown animals, and bison and 

caribou keep their distance from each other. Conversely, one interviewee believes that i f 

bison and caribou were together they would not expect a big reaction. Several 

participants thought bison and caribou cared whether other animals were around, 

however, more people thought caribou cared than did bison. One participant believed that 

bison are "detrimental to caribou". However, several other participants did not think 

bison and caribou cared whether other animals were around. 

3.5.2 Summary of knowledge on impacts of bison on the land, other wildlife, and 

people 

A wide range of concerns regarding how bison affect the land (i.e., vegetation), other 

wildlife, and people in the area were identified in the interviews. For example, several 

concerns were mentioned relating to how bison may affect vegetation, and included: 

rubbing against, tearing up and knocking down trees; trampling on and tearing up the 

ground; and, wallowing. While some interviewees did not believe this to be a serious 

issue others said that it was a problem and perhaps should be monitored. 

Issues related to how bison affect other animals in the Aishihik Lake area were also 

identified through the interviews. Issues included: competition for food (with moose, 

caribou, beavers, and muskrats), moving out local game and intimidating other animals, 

destroying vegetation, destroying nests and muskrat houses, and affecting lakes (i.e. 

falling through ice in winter). 
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Several interviewees indicated ways in which bison have negatively impacted them. 

These included: destroying fences, disrupting trapping, trampling gardens, ruining 

graveyards, tangling fish nets, eating horse forage, and endangering their way of life 

(since they believe that bison moved all the local game away). However, several other 

participants have found that bison did not pose a problem. 

3.6 MANAGEMENT RECOMMENDATIONS 

The following recommendations are meant to provide direction for local wildlife 

managers. Recommendations are divided into 2 main categories: (1) recommendations 

related to local concerns of bison impacts, and (2) recommendations which address other 

factors that may influence bison and caribou resource selection and overlap, particularly 

in late winter, that could not be addressed in this study (refer to chapter 2). I also 

provided an additional recommendation which will help to improve the efficiency of 

future research by local managers in the Aishihik area. Ultimately, local wildlife 

managers and community members (where appropriate) need to assess if further action is 

required for dealing with the issues addressed by these recommendations. However, I 

believe that the actions outlined in these management recommendations will help to 

promote a successful future for bison and caribou in the Aishihik Lake area. 

3.6.1 Addressing local concerns 

Recommendation 1: Disseminate results of this study to the local public and other 

affected parties. 

Since this project was born out of a local concern regarding the impacts of bison on 

caribou it is essential that the results be communicated back to the public including all 

parties affected by wildlife management in the Aishihik area (e.g., outfitters, Y F W M B , 

Yukon Fish and Game Association, etc.). I propose that the results and conclusions of 

this study be made available to the local public and other affected parties through the 
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following: a presentation at a local public forum, a brief written summary, and a detailed 

summary on an appropriate website. A presentation at a local venue will be important 

since it will allow community members to provide feedback and further insight into bison 

and caribou interactions. Ideally, a summary of project results should be presented at 

upcoming workshops as part of the next review process of the Yukon Bison Management 

Plan and Aishihik Integrated Wildlife Management Plan. This way the results of this 

project can be used to inform bison and caribou management during the planning process. 

It will also be important to provide a brief written summary (i.e., approximately 1 page in 

length) of the project for interested people unable to attend workshops. Written 

summaries could be made available at the C A F N , A R R C , and Y T G offices in Haines 

Junction. For people seeking further details on the project, YTG's Fish and Wildlife 

Information website (http://www.envirorumentyukon.gov.yk.ca/fishwilcVinfo.shtml) is an 

example of an appropriate location for posting project results since links to other wildlife 

related studies in the Yukon are provided on this site. This site is also appropriate since it 

provides contact information for the Fish and Wildlife Branch of Y D R R so that people 

can contact managers to provide feedback or ask questions. 

Recommendation 2: Periodically monitor local knowledge and concerns related to 

bison. 

Through this study I have addressed only one of many local concerns regarding the 

potential impacts of bison (i.e., the potential for exploitative competition between bison 

and caribou for food and space). Other concerns regarding how bison affect caribou, 

other wildlife, the land, and people were also identified through local knowledge 

interviews. For example, it is evident from the interviews that people were concerned 

about the potential negative effects on caribou resulting from behavioural interactions 

between bison and caribou (i.e., potential for interference competition). Addressing 

these other concerns can be facilitated by periodically monitoring local knowledge on 

bison. As people become more familiar with the reintroduced wood bison old concerns 

may no longer be considered as important, as was the case in the Hay River area, NWT 

(T. Chowns, pers. com.); conversely, new concerns may be realized. To be consistent 
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with the wildlife management planning process in the Aishihik area, local knowledge on 

bison could be collected and summarized prior to the 5-year review process of the 

Integrated Wildlife Management Plan and Wood Bison Management Plan. In this 

manner, the importance of bison related concerns, such as behavioural interactions 

between bison and caribou, can be evaluated at the management plan workshops and then 

agreed to by all parties as to whether or not further research or action is required over the 

next 5-year period of the plans. 

3.6.2 Addressing other factors that may influence bison and caribou late winter 

resource selection and overlap 

Under current conditions the potential for competition between bison and caribou is low 

in late winter. However, it is unknown i f bison in the Aishihik area consume lichens at 

other times of the year thereby potentially impacting the availability of lichens for 

caribou in winter. Furthermore, with increases in the density of bison or caribou the 

extent of overlap in resource use may change when animal densities are high. In 

addition, an increase in the density of prey species may lead to a numerical response by 

wolves and could affect alternate prey population dynamics. The following 

recommendations were developed to address these uncertainties. 

Recommendation 3: Analyze the fall diet of bison. 

As was documented in the Mackenzie Bison Sanctuary (MBS), NWT, lichens made up a 

large proportion of bison diets in the fall (i.e., 16% in August, 34% in September and 

41% in October) (Larter and Gates 1991). Larter and Gates (1991) suggested bison may 

be consuming lichens during the fall since this is the time of the year when depositing fat 

is more important than growing lean muscle tissue. I recommend that the diet of bison be 

analyzed during the months of August, September and October to see if a similar trend is 

occurring in the Aishihik Lake area. Determining i f bison do in fact consume lichen in 

the fall as well as which lichen species are consumed, will provide further insight into the 

potential impacts of bison on caribou. However, to determine the magnitude of this 

impact it will be essential to determine the effect bison will have (i.e., effect size) on 
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lichen availability for caribou in the winter. The key variables to consider for 

determining effect size include: the amount (i.e., biomass) of lichens consumed by bison, 

the number of days lichens are consumed, the abundance of lichens in areas occupied by 

bison during fall, the annual growth rate of lichens, and the number of bison in the area. 

It is imperative that the proportion of lichens in bison diets not be used solely to 

determine impacts on caribou but that the effect size of bison consumption on lichens be 

considered when developing management alternatives. 

Recommendation 4: Assess the numerical response of wolves and potential impacts on 

caribou if it becomes evident that wolves are preying on bison. 

Currently, it is unknown i f wolves are preying on bison in the area (M. Oakley, pers. 

comm.). However, in the Mackenzie Bison Sanctuary where bison are a major prey 

species of wolves it has been suggested that bison may intensify rather than divert 

prédation away from caribou (Gates and Larter 1990). If it becomes evident that bison 

are a prey species of wolves it will be important to determine the numerical response of 

wolves to bison abundance and to assess the subsequent changes in prédation rates on 

caribou. Furthermore, it will also be important to assess changes in risk averse habitat 

selection behaviour by caribou that may result from an increase in the abundance of 

wolves. Bison, caribou and wolves currently are surveyed in the Aishihik area to monitor 

population dynamics (e.g., calf survival, herd composition, population size). Surveys 

conducted as part of this monitoring could be carried out in a manner (refer to 

recommendation 6) to facilitate detection of and insight into the potential changes in 

resource selection by bison and caribou that may result from increased prédation 

pressure, particularly at the landscape and habitat levels. 

Recommendation 5: Monitor late winter resource use of bison and caribou if they 

approach the carrying capacity of the Aishihik Lake area. 

Results of this research demonstrated that bison and caribou currently show strong 

differences in resource selection; however, this study was conducted when bison and 

101 



caribou were well below carrying capacity. Increases in resource use overlap, and hence 

a greater potential for competition, could become more evident when animal densities are 

high (Larter and Nagy 1997). 

It is uncertain how the Aishihik caribou and bison populations would cope with decreases 

in forage availability that may occur at high animal densities. It is likely that density 

dependent reductions in forage availability will lead to a decrease in growth rate resulting 

from, for example, a decrease in calf survival and higher mortality rates (Ouellet et al. 

1996b). Alternatively, a decrease in density may be achieved by range expansion (Larter 

et al. 2000). However, it is unknown to what degree bison and caribou will compensate 

for density related decreases in forage availability by foraging on less preferred plant 

species. Both bison and caribou have demonstrated the ability to use a variety of forages 

based on the availability of resources (Larter 1988, Larter and Nagy 1997). Therefore, I 

recommend that bison and caribou resource selection be monitored i f either species 

approaches the ecological carrying capacity of the area. Consequently, if it appears that 

bison or caribou at high densities are using less preferred forage or habitats resulting in 

greater overlap in resource use then a re-assessment of the potential for competition 

between bison and caribou may be warranted. 

3.6.3 Improving the efficiency of future research by local managers in the Aishihik 

area 

Recommendation 6: Develop a standard protocol for the collection of animal locations. 

I recommend that a standard protocol for the collection of animal locations during 

wildlife surveys in the Aishihik area be developed to improve the accuracy and utility of 

the data. Since past Y D R R late winter wildlife surveys were conducted to determine 

herd distribution and population size, the GPS locations recorded during surveys did not 

need to be highly accurate. Because these data were collected for a different purpose, I 

encountered difficulty in using portions of the available telemetry data for my study. 

Further insight into the distribution patterns of wildlife can be obtained by ensuring GPS 

locations are as accurate as possible and by collecting additional information such as the 

102 



habitat type within which the animals were located. Developing a standard protocol 

outlining procedures of how locations should be recorded and a list of the additional 

information that might be useful for other projects (i.e., for detecting changes in resource 

selection by bison and caribou or identifying key habitats) should help to improve the 

efficiency of future research by local managers. 
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APPENDIX 1: Representing Resource Availability 

When calculating resource selection models it is important to use an adequate number of 

random points to represent resource availability while at the same time minimizing the 

chances of spatial autocorrelation (i.e., the more points used to represent availability the 

higher the chances of locations being autocorrelated.). 

To determine an appropriate number of random locations to adequately represent 

resource availability at the landscape level, I calculated the variances of five variables 

(elevation, slope, aspect, proximity to water, terrain ruggedness) using an increasing 

number of random points (50, 125,250,500, 1000,2000,3000...10000). I then plotted 

the variances against the set of random points. The number of random points at which 

the variances became stable (i.e., the line graph levelled out) was deemed to be the 

appropriate number of locations to use for representing availability. Results were 

confirmed by assessing i f similar trends occurred when examining variable coefficients 

(B) (generated by conducted a series of forward stepwise logistic regression (Tabachnick 

and Fidell 2001) for bison and caribou using the same variables and random number set). 

Similar calculations were carried out for determining the number of random locations to 

adequately represent resource availability at the habitat level but with the addition of a 

sixth variable (habitat type). Included below are the line graphs of variances versus the 

random number set for each variable at the landscape and habitat levels. 
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ALI LANDSCAPE L E V E L 

At the landscape level, the variances for each variable (slope, proximity to water, aspect, 

elevation, and terrain ruggedness) become stable around 3000 random points (indicated 

by the arrow in the following figures). 
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A1.2 HABITAT L E V E L 

At the habitat level, the variances for each variable (slope, proximity to water, aspect, 

elevation, terrain ruggedness, and habitat type) become stable around 2000 random points 

(indicated by the arrow in the following figures). 
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APPENDIX 2: An Example of a Resource Selection Model Generated 
Using All Variables Including Slope. 

Table A2-1. Comparison o f models o f caribou (n=225) late winter resource use relative to bison (n=194) 
resource use at the level o f the landscape. Reported are the logistic regression -21og-likelihood ( -2LL) , the 
number of parameters in the model (K) , the realtive A I C c (A, ) and Aka ike weight («¡). Variables included 
in the model selection were Elevation (E), Slope (S), Aspect (A) , Proximity to Water (W), and Terrain 
Ruggedness (T). Models are ranked from lowest to highest A, values. The dotted line indicates when 
model A , >2. 

Model -2LL K Ai 

E, S, A, W, T 370.887 9 0.000 0.780 

E, S, W, T 382.528 5 3.346 0.146 

E, A, W, T 379.253 8 6.277 0.034 

E, W, T 387.824 4 6.594 0.029 

E, A, W 384.547 7 9.492 0.007 

E, S, A, W 384.546 8 11.570 0.002 

E, S,A, T 385.943 8 12.967 0.001 

S, A, W, T 387.733 8 14.757 0.000 

E, S,W 396.864 4 15.634 0.000 

E, W 399.789 3 16.520 0.000 

E, S, T 400.072 4 18.842 0.000 

S, W,T 400.947 4 19.717 0.000 

A, W,T 394.843 7 19.788 0.000 

W,T 404.755 3 21.486 0.000 

E, A, T 397.977 7 22.922 0.000 

E, T 407.037 3 23.768 0.000 

S, A, T 400.835 7 25.780 0.000 

S,T 416.645 3 33.376 0.000 

A, T 410.556 6 33.433 0.000 

S, A w 411.035 7 35.980 0.000 

T 421.301 2 36.003 0.000 

A, W 416.751 6 39.628 0.000 

E, A 418.803 6 41.680 0.000 

E, S,A 417.198 7 42.143 0.000 

s, w 426.357 3 43.088 0.000 

E,S 433.494 3 50.225 0.000 

S, A 442.036 6 64.913 0.000 

E 454.413 2 69.115 0.000 

S 462.227 2 76.929 0.000 

A 456.301 5 77.119 0.000 

w 463.705 2 78.407 0.000 
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Table A2-2. Comparison of AIC selection models with and without slope for caribou (n=225) resource use relative to bison (n=194) 

coefficient (+1-), odds ratio (exp (B)), the 95% confidence interval (CI) for the odds ratio, and the selection strength1. Selection strength 
was only calculated for odds ratios for which the 95% confidence interval does not include 1. 

Best model Next best model without slope 

Caribou (1) vs. Bison (0) Caribou (1) vs. Bison (0) 

to 
o 

Variable +/- B S.E. exp(B) Lower 
95% CI 

Upper 
95% CI 

Selection 
Strength(%) 

+/- B S.E. exp(B) Lower 
95% CI 

Upper 
95% CI 

Selection 
Strength(%) 

Elevation5 + 0.328 0.086 1.388 1.172 1.644 38.8 + 0.307 0.084 1.359 1.153 1.601 35.9 

Slope b - 1.666 0.591 0.189 0.059 0.602 81.1 
Aspect 0 

N-facing + 2.462 0.866 11.725 2.149 63.970 1072.5 + 1.979 0.818 7.232 1.456 35.918 623.2 
E-facing + 0.727 0.482 2.068 0.805 5.318 + 0.389 0.465 1.476 0.593 3.672 
S-facing + 0.380 0.500 1.463 0.549 3.900 + 0.038 0.480 1.038 0.406 2.658 
W-facing + 0.407 0.472 1.503 0.596 3.790 + 0.071 0.452 1.073 0.442 2.603 

Proximity to Water d + 0.036 0.010 1.036 1.015 1.058 3.6 + 0.038 0.010 1.039 1.018 1.060 3.9 

Terrain Ruggednesse + 0.303 0.087 1.354 1.143 1.605 35.4 + 0.114 0.050 1.121 1.016 1.238 12.1 

1 Selection strength was calculated using the equation (l-exp(6))*100 (Theberge 2002). 
a Elevation was measured in meters and converted to 100 meter increments. 
b Slope was measured in degrees and converted to 10 degree increments. 
0 Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 1km radius moving window. 



APPENDIX 3: Resource Selection Models with a Relative AICC ( A,-) 
Value > 0 and < 2. 

Table A3-1. AIC model with A, > 0 and < 2 for caribou resource selection at the level of the 
landscape (n u s e d = 225, n a v a i i a b i e = 3000). Reported are the beta coefficient (fi), the coefficient 
standard error (S.E.), direction of the coefficient (+/-), odds ratio (exp (6)), the 95% 
confidence interval (CI) for the odds ratio, and the selection strength1. Selection strength was 
only calculated for odds ratios for which the 95% confidence interval does not include 1. 

Second Best Model ( Ai= 1.228) 
Caribou (1) vs Available (0) 

Variable +/- B S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Elevation* + 0.028 0.031 1.028 0.967 1.093 2.8 
Aspect b 

N-facing - 0.804 0.269 0.447 0.264 0.758 55.3 
E-facing - 0.125 0.219 0.882 0.574 1.356 
S-facing - 0.505 0.249 0.603 0.370 0.984 39.7 
W-facing - 0.462 0.235 0.630 0.397 0.999 37.0 

Proximity to Water c + 0.015 0.003 1.015 1.009 1.022 1.5 

Terrain Ruggednessd + 0.050 0.021 1.051 1.008 1.096 5.1 

1 Selection strength was calculated using the equation (l-exp(6))*100 (Theberge 2002). 
* Elevation was measured in meters and converted to 100 meter increments. 
b Reference-category for aspect was flat. 
c Proximity to water was measured in meters and converted to 100 meter increments. 
d Terrain ruggedness was derived using a 1km radius moving window routine. 
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Table A3-2. AIC models with A, > 0 and < 2 for caribou (n=225) resource use relative to 
bison (n=l 94) resource use at the level of the landscape. Reported are the beta 
coefficient (6), the coefficient S.E., direction of the coefficient (+/-), odds ratio (exp (8)), 
the 95% confidence interval (CI) for the odds ratio, and the selection strength1. Selection 
strength was only calculated for odds ratios for which the 95% confidence interval does 
not include 1. Grayed areas indicate variables not included in the model. 

Second Best Model (A, = 0.316) 

Caribou (1) vs. Bison (0) 

Variable +/- B S.E. exp(B) Lower 
95% CI 

Upper 
95% CI 

Selection 
Strength(%) 

Elevation 3 

Aspect b 

N-facing 
E-facing 
S-facing 
W-facing 

+ 0.310 0.082 1.363 1.161 1.600 36.3 

Proximity to Water c + 0.039 0.010 1.040 1.019 1.061 4.0 

Terrain Ruggedness d + 0.141 0.042 1.151 1.060 1.250 15.1 

1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Elevation was measured in meters and converted to 100 meter increments. 
b Reference-category for aspect was flat. 
0 Proximity to water was measured in meters and converted to 100 meter increments. 
d Terrain ruggedness was derived using a 1km radius moving window routine. 
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Table A3-3. AIC models with A, > 0 and < 2 for caribou resource selection ( N u s e d = 102, N a v a i l a b ] e = 2000) at the habitat level. Reported are the beta coefficient (6), 

coefficient standard error (S.E.), direction of the coefficient (+/-), odds ratio (exp (0)), the 95% confidence interval (CI) for the odds ratio, and the selection strength1. 
Selection strength was only calculated for odds ratios for which the 95% confidence interval does not include 1. Grayed areas indicate variables not included in the model. 

2nd Best Model ( A¡ =0.509) 3rd Best Model ( A, =1.884) 
Caribou (I) vs Available (0) Caribou (I) vs Available (0) 

Variable +/- B S.E. exp(B) Lower Upper Selection +/- B S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest - 0.256 0.451 0.774 0.320 1.875 - 0.22 0.453 0.802 0.33 1.951 
Closed Shrub - 1.007 0.346 0.365 0.185 0.720 63.5 - 0.991 0.347 0.371 0.188 0.733 62.9 
Open Shrub/Graminoid - 1.750 0.605 0.174 0.053 0.596 82.6 - 1.804 0.609 0.165 0.050 0.543 83.5 
Wet Sedge-Shrub Meadow - 7.221 26.051 0.001 <0.001 1.09E+19 - 7.225 26.103 0.001 <0.001 1.20E+19 
Water - 0.626 0.752 0.535 0.123 2.334 - 0.669 0.754 0.512 0.117 2.25E+00 
Aspect Grassland - 7.282 35.450 0.001 <0.001 1.03E+27 - 7.211 35.462 0.001 <0.001 1.13E+27 
Alpine Meadow/Shrub - 2.872 0.797 0.057 0.012 0.270 94.3 - 2.873 0.798 0.057 0.012 0.27 94.3 
Alpine Dryas - 9.252 15.346 <0.001 O.001 1.11E+09 - 9.247 15.279 <0.001 O.001 9.75E+08 
Rock/Gravel - 9.434 20.821 O.001 O.001 4.22E+13 - 9.393 20.751 <0.001 <0.001 3.84E+13 

Elevation + 0.307 0.094 1.359 1.131 1.632 35.9 + 0.333 0.099 1.395 1.148 1.694 39.5 
Aspect 0 

N-facing + 1.096 0.347 2.992 1.517 5.901 199.2 + 1.294 0.425 3.646 1.584 8.390 264.6 
E-facing + 1.590 0.329 4.902 2.573 9.341 390.2 + 1.766 0.396 5.848 2.691 12.710 484.8 
S-facing - 0.118 0.495 0.889 0.337 2.345 + 0.054 0.539 1.056 0.367 3.039 
W-facing + 0.538 0.372 1.712 0.825 3.551 + 0.715 0.432 2.044 0.876 4.771 

Proximity to Water d 

Terrain Ruggednesse 

- 0.045 0.056 0.956 0.856 1.067 
1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
c Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 250 m radius moving window routine. 



Table A3-3. continued AIC models with A¿ > 0 and < 2 for caribou resource selection ( N u s e d = 102, N a v a a a b l e = 2000) at the level of the habitat. Reported are the beta 
coefficient (B), coefficient standard error (S.E.), direction of the coefficient (+/-), odds ratio (exp (B)), the 95% confidence interval (CI) for the odds ratio, and the 
selection strength1. Selection strength was only calculated for odds ratios for which the 95% confidence interval does not include 1. 

4th Best Model ( A , =1.949) 

Caribou (J) vs Available (0) 

Variable +/- B S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest - 0.256 0.454 0.774 0.318 1.885 
Closed Shrub - 1.008 0.347 0.365 0.185 0.721 63.5 
Open Shrub/Graminoid - 1.180 0.609 0.164 0.050 0.540 83.6 
Wet Sedge-Shrub Meadow - 7.250 26.056 0.001 O.001 1.07E+19 
Water - 0.692 0.754 0.500 0.114 2.194 
Aspect Grassland - 7.272 35.396 0.001 O.001 9.35E+26 
Alpine Meadow/Shrub - 2.882 0.797 0.056 0.012 0.267 94.4 
Alpine Dryas - 9.209 15.265 <0.001 <0.001 9.86E+08 
Rock/Gravel - 9.436 20.701 <0.001 <0.001 3.34E+13 

Elevation b - 0.326 0.009 1.368 1.141 1.683 36.8 
Aspect c 

N-facing + 1.291 0.424 3.635 1.583 8.347 263.5 
E-facing + 1.748 0.396 5.743 2.642 12.482 474.3 
S-facing + 0.029 0.539 1.030 0.358 2.962 
W-facing + 0.716 0.431 2.047 0.879 4.768 

Proximity to Water d - 0.010 0.007 0.990 0.977 1.004 

Terrain Ruggednesse 

- 0.017 0.059 0.983 0.875 1.104 
1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 

a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
0 Reference-category for aspect was flat. 

Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 250 m radius moving window routine. 



Table A3-4. AIC models with A, > 0 and < 2 for bison resource selection ( N u s e d = 66, N a v a i ] a b | e = 2000) at the level of the habitat. Reported are the beta coefficient (6), 

coefficient S.E., direction of the coefficient (+1-), odds ratio (exp (B)), the 95% confidence interval (CI) for the odds ratio, and the selection strength1. Selection strength was 
only calculated for odds ratios for which the 95% confidence interval does not include 1. Grayed areas indicate variables not included in the model. 

2nd Best Model ( A, =0.217) 3rd Best Model ( A¡ =0.806) 
Bison (1) vs Available (0) Bison (I) vs Available (0) 

Variable +/- B S.E. exp(B) Lower Upper Selection +/- B S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest 6.527 33.846 0.001 <0.001 9.44E+25 - 6.451 33.598 0.002 <0.001 6.27E+25 
Closed Shrub + 1.172 0.828 5.542 1.094 28.081 454.2 + 1.609 0.825 5.000 0.992 25.204 
Open Shrub/Graminoid + 2.123 0.706 8.356 2.093 33.360 735.6 + 2.070 0.703 7.926 1.996 31.466 692.6 
Wet Sedge-Shrub Meadow + 3.908 0.686 49.811 12.988 191.036 4881.1 + 3.904 0.685 49.624 12.951 190.140 4862.4 
Water + 3.974 0.623 53.196 15.689 1.80E+02 5219.6 + 3.906 0.631 49.681 14.426 171.093 4868.1 
Aspect Grassland + 3.074 1.220 21.626 1.978 2.36E+02 2062.6 + 3.146 1.223 23.239 2.116 255.225 2223.9 
Alpine Meadow/Shrub 4.392 34.747 0.012 <0.001 4.68E+27 - 4.963 34.828 0.007 O.001 3.09E+27 
Alpine Dryas 4.942 39.285 0.007 <0.001 1.97E+31 - 5.445 39.300 0.004 <0.001 1.22E+31 
Rock/Gravel 4.755 53.977 0.009 <0.001 7.58E+43 - 5.390 54.227 0.005 <0.001 3.56E+43 

Elevation b 0.180 0.136 0.835 0.639 1.091 16.5 
Aspect c 

N-facing 1.211 1.060 0.298 0.037 2.377 - 1.259 1.056 0.284 0.036 2.250 
E-facing 8.031 22.342 <0.001 <0.001 3.39E+15 - 8.068 22.300 <0.001 <0.001 3.00E+15 
S-facing 8.097 23.175 O.001 <0.001 1.62E+16 - 8.139 23.144 O.001 <0.001 1.46E+16 
W-facing 1.043 0.778 0.352 0.077 1.169 - 1.140 0.764 0.320 0.071 1.431 

Proximity to Water d - 0.017 0.017 0.983 0.951 1.017 

Terrain Ruggednesse 

1 Selection strength was calculated using the equation (l-exp(fi))*100 (Theberge 2002). 
a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
0 Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
'Terrain ruggedness was derived using a 250 m radius moving window routine. 



Table A3-4 continued. AIC models with A, > 0 and < 2 bison resource selection ( N u s e d = 66, N a v a i l a b l e = 2000) at the level of the habitat. Reported are the beta coefficient 

(13), coefficient S.E., direction of the coefficient {+1-), odds ratio (exp (B)), the 95% confidence interval (CI) for the odds ratio, and the selection strength1. Selection strength 
was only calculated for odds ratios for which the 95% confidence interval does not include 1. Grayed areas indicate variables not included in the model. 

4th Best Model ( A , =0.925) 

Bison (1) vs Available (0) 

Variable +/- B S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest - 6.573 33.7 0.001 <0.001 6.78E+25 
Closed Shrub + 1.691 0.828 5.426 1.071 27.496 442.6 
Open Shrub/Graminoid + 2.128 0.706 8.397 2.105 33.5 739.7 
Wet Sedge-Shrub Meadow + 3.85 0.687 46.993 12.233 180.528 4599.3 
Water + 3.841 0.632 46.556 13.48 1.61E+02 4555.6 
Aspect Grassland + 3.093 1.224 22.034 2.001 2.43E+02 2103.4 
Alpine Meadow/Shrub - 4.285 34.722 0.014 <0.001 4.95E+27 
Alpine Dryas - 4.797 38.934 0.008 O.001 1.14E+31 
Rock/Gravel - 4.622 53.651 0.01 <0.001 4.58E+43 

Elevation b - 0.187 0.137 0.830 0.634 1.086 
Aspect 0 

N-facing - 1.057 1.067 0.348 0.043 2.815 
E-facing - 7.876 22.273 <0.001 <0.001 3.45E+15 
S-facing - 7.983 23.034 O.001 <0.001 1.38E+16 
W-facing - 0.883 0.789 0.414 0.088 1.941 

Proximity to Water d - 0.017 0.017 0.983 0.951 1.016 

Terrain Ruggedness e 

1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
0 Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 250 m radius moving window routine. 



Table A3-5. AIC models with A¡ > 0 and < 2 for caribou (n=102) resource use relative to bison (n=66) resource use at the level of the habitat. Reported are the beta coefficient 
(6), the coefficient standard error (S.E.), direction of the coefficient (+/-), odds ratio (exp (6)), the 95% confidence interval (CI) for the odds ratio, and the selection strength. 
Selection strength was only calculated for odds ratios for which the 95% confidence interval does not include 1. Grayed areas indicate variables not included in the model. 

2nd Best Model ( A, =0.057) 3rd Best Model ( A, =1.288) 

Caribou (I) vs Bison (0) Caribou (I) vs Bison (0) 
Variable +/- fi S.E. exp(B) Lower Upper Selection +/- 13 S.E. exp(B) Lower Upper Selection 

95% CI 95% CI Strength(%) 95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest + 7.653 59.948 2106.400 <0.001 2.250E+54 + 8.006 57.785 2998.507 <0.001 4.61E+52 
Closed Shrub - 1.789 2.153 0.167 0.002 11.379 - 2.93 2.295 0.053 0.001 4.801 
Open Shrub/Graminoid - 5.052 1.360 0.006 <0.001 0.920 99.4 - 5.173 1.492 0.006 <0.001 0.105 99.4 
Wet Sedge-Shrub Meadow - 10.763 46.892 O.001 <0.001 1.740E+36 - 10.509 46.803 <0.001 <0.001 1.88E+35 
Water - 7.830 1.532 <0.001 <0.001 0.008 100.0 - 7.204 1.563 0.001 O.001 0.016 99.9 
Aspect Grassland - 12.607 164.263 <0.001 <0.001 2.22E+134 - 12.505 164.263 <0.001 <0.001 2.46E+134 
Alpine Meadow/Shrub + 1.270 109.302 3.560 <0.001 3.890E+93 + 0.701 107.321 2.016 <0.001 4.53E+91 

Elevation b + 2.184 0.554 8.882 3.001 26.286 788.2 + 2.152 0.56 8.605 2.873 25.769 760.5 
Aspect 0 

North-facing 
East-facing 
South-facing 
West-facing 

Proximity to Water d + 0.068 0.070 1.07 0.933 1.228 

Terrain Ruggednesse 

1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
c Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 250 m radius moving window routine. 



Table A3-S continued. AIC models with A, > 0 and < 2 for caribou (n=l 02) resource use relative to bison (n=66) resource use at the level of the habitat. Reported are 
the beta coefficient (B), the coefficient standard error (S.E.), direction of the coefficient (+1-), odds ratio (exp (fi)), the 95% confidence interval (CI) for the odds ratio, and 
the selection strength'. Selection strength was only calculated for odds ratios for which the 95% confidence interval does not include 1. Grayed areas indicate variables not 
included in the model. 

4th Best Model (A,=1.653) 
Caribou (1) vs Bison (0) 

Variable +/- B S.E. exp(B) Lower Upper Selection 
95% CI 95% CI Strength(%) 

Habitat Type a 

Coniferous Forest + 8.843 94.372 6867.080 <0.001 1.47E+84 
Closed Shrub - 2.784 2.656 0.062 O.001 11.26 
Open Shrub/Graminoid - 4.418 1.598 0.012 0.001 0.227 98.8 
Wet Sedge-Shrub Meadow - 10.887 77.703 O.001 O.001 2.64E+61 
Water - 5.768 1.584 0.003 O.001 0.070 99.7 
Aspect Grassland - 13.701 270.821 <0.001 <0.001 3.75E+224 
Alpine Meadow/Shrub + 1.241 182.382 3.458 <0.001 6.07E+155 

Elevation b + 1.663 0.631 5.276 1.532 18.168 427.6 
Aspect 0 

North-facing 
East-facing 
South-facing 
West-facing 

Proximity to Water d + 0.063 0.081 1.065 0.909 1.248 

Terrain Ruggednesse + 0.375 0.275 1.454 0.848 2.493 
1 Selection strength was calculated using the equation (l-exp(B))*100 (Theberge 2002). 
a Reference-category for habitat type was Coniferous Woodland/Open Shrub 
b Elevation was measured in meters and converted to 100 meter increments. 
0 Reference-category for aspect was flat. 
d Proximity to water was measured in meters and converted to 100 meter increments. 
e Terrain ruggedness was derived using a 250 m radius moving window routine. 



APPENDIX 4: Bison and Caribou Late Winter Diets: Corrected for 
Digestibility of Plant Materials. 

Table A4-1. Digestion correction for plant fragments identified in caribou and bison feces. 

% of Feces Digestibility % of Diet 
Plant Groups Mean +/- S.E. Mean +/- S.E. Mean +/- S.E. 

Caribou Sedges & Rushes 4.5 0.7 54 3.7 0.6 

Grasses 2.9 0.9 54 2.3 0.7 

Lichens 65.3 2.1 70 78.4 1.6 

Shrubs 6.4 0.6 60 5.9 0.6 

Mosses 16.7 1.3 7 6.0 6.8 0.6 

Forbs 4.1 0.6 46 2.9 0.5 

Conifers 0.1 0.1 64 0.1 0.1 
Total 100.0 100.0 

Bison Sedges & Rushes' 79.4 2.3 40 4.9 82.5 2.0 

Grasses2 15.6 1.9 22 2.9 12.6 1.6 

Lichens* 0.3 0.2 70 0.7 0.3 

Shrubs3 1.5 0.5 52 1.2 1.9 0.6 
Mosses* 2.7 0.8 60 6.0 1.9 0.6 

Forbs* 0.5 0.1 46 0.5 0.2 

Conifers* 64 
Total 100.0 1()().() 

' Digestibility of Carex atherodes by wood bison (Hawley 1987) was used for all sedges and rushes 
2 Digestibility of Calamagrostis inexpansa by wood bison (Hawley 1987) was used for all grasses 
3 Digestibility of Salix spp. by wood bison (Hawley 1987) was used for all shrubs 
* Digestibility of these plant groups by bison were not available therefore caribou digestibilties (Boertje 1981) 

were applied 

129 



APPENDIX 5: Local Knowledge of Wood Bison and Woodland Caribou 
in the Aishihik Lake Area, Yukon 

In August and September 1998, nineteen semi-directed interviews were conducted by 

Stephen Reid, a seasonal employee of Champagne and Aishihik First Nation (CAFN) 

Lands and Resources Department, to obtain local knowledge of the Aishihik bison and 

caribou herds. The purpose of the interviews was to acquire a better understanding of the 

relationship between bison and other wildlife, especially caribou and moose through local 

knowledge. The interview questions were designed independently from this project by 

C A F N and Doug Urquhart, a member of the Yukon Fish and Wildlife Management 

Board. Interview questions targeted four subjects: 1) interactions between moose, 

caribou and bison, 2) the impact bison may have on plants and other animals in the 

region, 3) interactions between bison and people, and 4) seasonal ranges of bison and 

caribou. Information on bison and caribou seasonal ranges was not included here since 

maps were not made available by C A F N for this study. Therefore, 13 questions in the 

remaining 3 categories were summarized and are listed in textbox A5-1. 

Interview information is the property of Champagne and Aishihik First Nations 

(CAFN) and future use of this information requires permission from CAFN. 
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Textbox A5-1: Questions summarized from local knowledge interviews. 

Bison and caribou interactions: 
1) Do you ever see bison and caribou together? What were bison doing? What were caribou 

doing? 
2) Have you ever seen caribou or bison in an area where the other species has recently been? 
3) Have you ever heard about caribou and bison reacting to each other? What happened? 
4) Do you think caribou and bison care whether the other animals are around or not? Does the 

season matter? Does the number or type of animals matter? 
5) Have you ever seen or heard of bison with any other kinds of animals, like moose, caribou, 

ground squirrels, coyotes, wolves? What happened? When was this? 

Bison impact on other animals and plants: 
6) What do bison eat (in spring, summer, fall, winter)? How do they behave when they are 

eating (move around a lot, stay in one place, eat just certain plants, tear up the ground etc.)? 
7) Do they have special resting places or just rest wherever they are? Do they have any 

favourite places (like dust baths, mineral licks, lakes etc.)? 
8) Do bison do anything special that might affect the land or the plants (tear up the ground, roll 

in the dust, tear up bushes, charge around)? Does this happen at a certain time of year? Do 
you think it is a problem? 

9) Can you think of anything that bison do that might affect any other animals (wildlife, fish, 
birds)? How do you think this affects the animal? Is it a serious problem? 

Bison and human interactions: 
10) How often do you see bison on the land? What do they do when they see you? Do they 

react differently at different times of year? 
11) Do bison pose any kind of problems for you (limit access, destroy property, endanger you or 

your family or your livestock)? 
12) Are you interested in hunting bison? Why? 
13) What do you think should be done with the bison and why? (for example: Keep only in 

enclosures or free ranging? Keep population at 500? Let the population grow? etc.) 

Interview participants were selected based on the amount of time they had spent in the 

Aishihik Lake area. Participants consisted of both government and non-government 

individuals, First Nation and non-First Nation community members, and males and 

females (Figure A5-1). Participants were predominantly from Haines Junction with a 

few individuals from Whitehorse, Canyon Creek, Champagne and Aishihik. Each 

interviewee was given a number, from 1 to 19, to ensure anonymity of responses. 
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Figure A5-1: Participant Profiles 

The original notes taken by Mr. Reid during the local knowledge interviews were 

provided by C A F N . I organized these notes in tables to assess general trends. Tables 

were prepared by grouping interviews by common comments. I also included summaries 

to highlight information in these tables. Terminology used in this section reflects terms 

provided during the interviews (e.g., weeds, big game, etc.). Information within each 

table was reviewed by Linaya Workman, the Renewable Resource Officer for C A F N . 
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SUMMARY OF INFORMATION C O L L E C T E D DURING LOCAL 
KNOWLEDGE INTERVIEWS 

Information collected during the local knowledge interviews were summarized under the 

three general subjects: 1) bison and caribou interactions, 2) bison impact on other animals 

and plants, and 3) bison and human interactions. To limit the potential for 

misinterpretation of interview responses, each of the specific comments included in the 

following tables are the exact wording provided in the notes written by Mr. Reid. 

However, when necessary I added words to statements (indicated by square parenthesis) 

to help clarify the meaning of the response. In the tables below, the numbers in 

parenthesis correspond with the interview within which each statement was made. 

1) Bison and Caribou Interactions 

The majority of interview participants indicated that bison and caribou were not seen 

together (Table A5-1). A few participants saw bison and caribou feeding within a few 

hundred meters of each other. One interviewee stated that bison and caribou were both 

foraging along lakeshores. Another interviewee observed that caribou were "worried" by 

approaching bison. 

As well, several participants said that they have never seen bison and caribou in an area 

where the other animal had recently been. It was indicated by a few participants that they 

had seen bison and caribou tracks on top of each other in the winter (Table A5-2). One 

interview participant indicated that while she had not seen bison and caribou in an area 

where the other had recently been, she knew they were inhabiting the same areas. 

A l l interview participants who responded stated that they had neither seen nor heard 

about caribou and bison reacting to each other (Table A5-3). While a few interviewees 

indicated that caribou are scared of bison, wild animals know to stay away from unknown 

animals, and caribou don't like the smell of bison, another participant indicated that i f 

bison and caribou were together they would not expect a big reaction. 
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Several participants indicated that they thought bison and caribou cared whether the other 

animals were around, however, more people thought caribou cared than did bison (Table 

A5-4). One participant stated that since bison were reintroduced there are less wild game 

around in the Aishihik Lake area. 

While some interview participants had never seen bison with any other wildlife, others 

indicated that they have seen bison in close association with moose, horses, wolves, 

gophers (ground squirrels) and bears (Table A5-5). 

Table A 5-1. Responses to question 1. 
Questions and Comments 

Interview # 
Do you ever see 

bison and caribou 
together? 

Comments What were bison doing? What were caribou doing? 

3,6, 9, 11, 
12 

Yes 

- 500 m apart (9) 
~ 100 feet away [from] 
young caribou (11) 
~ Mingle now (12) 
~ Indifferent, not concerned 
physically (6) 

~ Feeding/Grazing (3, 6, 
11,12) 
~ Eating along shore (9) 
~ Traveling (3) 
~ Walking towards 
caribou (bison territorial) 
(12) 

-Feeding (3, 6, 11) 
~ Traveling (3) 
-Worr ied (12) 
- [Feeding on] same food 
[as bison] (9) 

1,2, 5, 10, 
13, 14, 15, 
16, 17, 18, 

19 

No 

~ [At] Aishihik airport 
[there are] just bison now (2) 
~ No caribou because either 
of bison or not enough food 
(2) 
~ No food is why caribou 
left (2) 

4, 7, 8 No Response 
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Table A5-2. Responses to question 2. 

Questions and Comments 

Interview # 
Have you ever seen caribou or 

bison in an area where the other 
species has recently been? 

Comments 

3,6, 11, Yes 
~ Seen tracks on top of each other in winter (6) 
~ Saw mostly bison tracks and caribou ( 11 ) 

1, 10, 12, 
14, 15, 16, 
17, 18, 19 

No 

~ Seen bison (lone) in an area where caribou are usually seen just 
above Aishihik Lake (14) 
~ Cross [by] each other (15) 
~ Always move away from the other (15) 
~ [But] knows they're inhabiting the same areas (17) 

2, 4, 5, 7, 8, 
9, 13 

No Response 

Table A5-3. Responses to question 3. 
Questions and Comments 

Interview # 
Have you ever heard about 
bison and caribou reacting 

to each other? 
Comments 

1,2, 3, 5, 6, 7, 
9, 10, 11, 13, 
14, 15, 16, 17, 

18, 19 

No 

~ Wild animals stay away from unknown animals (3) 
~ [However] doesn't think a big reaction would happen but would mix rather 
than walk around each other (6) 
~ Keep distance [from each other] (11) 
~ Suspect something moved caribou out of the country (odour from bison) 
(12) 
~ [But bison] scare caribou though (13) 
~ [Caribou] don't like smell of bison (15) 

4, 8, 12 No Response 
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Table A5-4. Responses to question 4. 
Questions and Comments 

Interview 
# 

Do you think caribou 
and bison care whether 
the other animals are 

around or not? 

Comments 
Does the season 

matter? 

Does the 
number or type 

of animals 
matter? 

2, 3, 9, 
12, 14, 

15, 17, 18 
Yes 

~ Bison [are] protective (2) 
~ Bison detrimental to caribou and care less 
about other animals around (3) 
~ [Bison] don't mind, caribou do though (9) 
~ Caribou care, Bison don't care (15) 
~ Don't know i f bison do (14) 
~ Since bison moved in less wild game are 
around (17) 
~ Thinks caribou care about other animals 
being around (17) 
~ [Caribou] just move away because of bison 
(17) 
~ Bison don't care, Caribou don't know (18) 

- Always (2) 
~ Aishihik caribou 
and bison at winter 
come together (3) 
~ Season doesn't 
matter (9, 15) 
~ Competing for 
grasses in spring 
and summer ( 11, 
16) 

- Always (2) 
~ Don't matter 
(9) 
- N o (10, 16) 
- Don't know 
(17, 19) 
- Don't think so 
(18) 

1, 10, 13, 
16, 19 

No 
~ Caribou [at] higher elevation [therefore] 
doesn't think will pose a problem (1) 
~ Don't seem to care 

4, 5, 6, 7, 
8, 11 

No Response 
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Table A5-5. Réponses to question 5. 

Questions and Comments 

Interview # 

Have you ever seen or heard of 
bison with any other kinds of 
animals, like moose, caribou, 

ground squirrels, coyotes, 
wolves? 

Comments (i.e.. What happened? When was this?) 

3, 9, 12, 14, 
15, 16, 17 

Yes 

~ 7 wolves laying within 100 yards of bison (wolves were on ice). Bison also 
laying down on shore - nothing happened. [At] Taye Lake [in] March 1998 (3) 
~ Moose and bison seen together also year after year (3). 
~ Wolves found eating a bison carcass - probably didn't kill them though (3) 
~ Bison going to sub-alpine, unpredicted (3) 
~ Nothing [happened]. Bison seem to hold up and work bears out of territory 
(12) 
~ Wolves follow bison, bears [follow bison] also (12) 
~ Gophers are usually present. Gophers signal other when bison [are] close 
(12) 
~ Gophers (15, 17) 
~ Other animals stay away (15) 
~ Bear once close to bison (15) 
~ Bear chasing bison [in] spring [when YTG] first started treatment in Aishihik 
(16) 
~ Once in a while [see] horses [and] bison ( 16) 

2, 7, 9, 10, 
11, 13, 18, 

19 
No 

~ Except horses eating close to one another year round. Nothing [happened] 
(9) 
~ Just with caribou (11) 

1,4, 5, 6,8 No Response 
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2) Bison Impact On Other Animals and Plants 

The most common bison forage identified through the interviews were grass and sedge. 

Other forage included weeds, leaves, willows, spruce trees and lichen (Table A5-6). 

When asked i f bison have any special resting places several participants indicated that 

bison generally rest wherever they are (Table A5-7). Other resting places included the 

edges of meadows and lakes, on the road or side of the road, in sandy areas and fields, 

and on hillsides or on the top of hills. 

Several concerns were identified through the interviews relating to how bison may affect 

vegetation such as: rubbing against, tearing up and knocking down trees; trampling on 

and tearing up the ground; and wallowing (Table A5-8). While some interviewees 

indicated that they didn't believe this was a serious problem others indicated that it was a 

problem and perhaps should be monitored. 

Concerns related to how bison affect other animals in the Aishihik Lake area were also 

identified. These included competition for food (with moose, caribou, beavers, and 

muskrats), moving out local game and intimidating other animals, destroying vegetation, 

destroying nests and muskrat houses, and affecting lakes (Table A5-9). 

138 



Table A5-6. Responses to question 6. 
Questions and Comments 

Interview # What do bison eat? Comments/Season 
How do they behave when they are 

eating? (move around a lot, stay in one 
place, eat just certain plants, tear up 

the ground etc.) 

1,2,3,6, 7*, 
9, 11, 13, 14, 

17, 18, 19 

Grass/ 
Swamp Grass/ 

Sedge 

~ A l l seasons/all year (1,2, 17) 
~ Lakeshores in summer (3) 
~ Around lakes in winter (5) 
~ Along lakes/edges of ponds (6, 7) 

~ Stay in one spot (1, 18, 19) 

2, 9, 10, 12 
Herbaceous plants 

(weeds, leaves) 

~ A l l year (2) 
~ Muskrat pushups (9, 10, 15) in winter 
(12) 
~ [Eat] water plants around lakes (15) 

~ Tear up ground (2, 6, 11, 17) 
~ Cover lots of territory (2) 
~ Hillsides all clear from bison (2) 
~ After eating lay down and chew cud 
(3) 

12 Willows/Brush 
~ Slow; move a little bit (5) 
~ Tear up trees [with] homs keeping 
territory like grassland (6) 
~ Wallow/roll around (2, 6, 14) 
~ Rub/tear down trees (6, 1116) 
~ Move around a lot (12, 15, 17) 
~ Eat constantly (14) 

16 Spruce trees 

~ Slow; move a little bit (5) 
~ Tear up trees [with] homs keeping 
territory like grassland (6) 
~ Wallow/roll around (2, 6, 14) 
~ Rub/tear down trees (6, 1116) 
~ Move around a lot (12, 15, 17) 
~ Eat constantly (14) 

2 Lichen ~ A l l year (2) 

~ Slow; move a little bit (5) 
~ Tear up trees [with] homs keeping 
territory like grassland (6) 
~ Wallow/roll around (2, 6, 14) 
~ Rub/tear down trees (6, 1116) 
~ Move around a lot (12, 15, 17) 
~ Eat constantly (14) 

2, 10, 14, 16 Anything/everything ~ A l l year (2) 
~ Anything on ground that grows (10) 

~ Slow; move a little bit (5) 
~ Tear up trees [with] homs keeping 
territory like grassland (6) 
~ Wallow/roll around (2, 6, 14) 
~ Rub/tear down trees (6, 1116) 
~ Move around a lot (12, 15, 17) 
~ Eat constantly (14) 

4,8 No Response 

* Interviewee saw bison in spruce forests 
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Table A5-7. Responses to question 7. 

Questions and Comments 

Interview # Do bison have special resting areas 
or just wherever they are? Comments Do they have any favourite places (like dust 

baths, mineral licks, lakes etc.)?* 
2, 5, 9, 10, 
14, 15, 16, 

18 
Wherever they are/Anywhere 

- Saskatchewan flats, just before Marten 
Lake (summer, winter) (1) 
- Side of road they have dust baths on steep 
part. Loose ground is preferred (2) 
- Trails, side hills (5) 
- Many dust baths everywhere they are (6) 
- Doesn't know of any mineral lick places 
(6) 
-Carnation Point (9, 11) 
- High country (away from flies) near lakes 
(preventing other animals that live there) 
(12) 
- Old village, cross bay in spring and 
summer (swimming) (14) 
- Same places as moose, roll around in 
dirt, rip trees towards road (15) 
~ Areas where they roll in the dirt (17) 

3, 5, 10 Edges of meadows/lakes 
-Close to feeding (3) 
~ Resting area summer 
mainly ( 10) 

- Saskatchewan flats, just before Marten 
Lake (summer, winter) (1) 
- Side of road they have dust baths on steep 
part. Loose ground is preferred (2) 
- Trails, side hills (5) 
- Many dust baths everywhere they are (6) 
- Doesn't know of any mineral lick places 
(6) 
-Carnation Point (9, 11) 
- High country (away from flies) near lakes 
(preventing other animals that live there) 
(12) 
- Old village, cross bay in spring and 
summer (swimming) (14) 
- Same places as moose, roll around in 
dirt, rip trees towards road (15) 
~ Areas where they roll in the dirt (17) 

2, 15 On road/side of road 
-Always hang around 
road (2) 
- In summer (15) 

- Saskatchewan flats, just before Marten 
Lake (summer, winter) (1) 
- Side of road they have dust baths on steep 
part. Loose ground is preferred (2) 
- Trails, side hills (5) 
- Many dust baths everywhere they are (6) 
- Doesn't know of any mineral lick places 
(6) 
-Carnation Point (9, 11) 
- High country (away from flies) near lakes 
(preventing other animals that live there) 
(12) 
- Old village, cross bay in spring and 
summer (swimming) (14) 
- Same places as moose, roll around in 
dirt, rip trees towards road (15) 
~ Areas where they roll in the dirt (17) 

11, 12 Sand/Dirt areas - Flop when full, roll in 
dust, like mud (12) 

- Saskatchewan flats, just before Marten 
Lake (summer, winter) (1) 
- Side of road they have dust baths on steep 
part. Loose ground is preferred (2) 
- Trails, side hills (5) 
- Many dust baths everywhere they are (6) 
- Doesn't know of any mineral lick places 
(6) 
-Carnation Point (9, 11) 
- High country (away from flies) near lakes 
(preventing other animals that live there) 
(12) 
- Old village, cross bay in spring and 
summer (swimming) (14) 
- Same places as moose, roll around in 
dirt, rip trees towards road (15) 
~ Areas where they roll in the dirt (17) 

17 Fields - Specific grazing spots 
in field (grass areas) 

- Saskatchewan flats, just before Marten 
Lake (summer, winter) (1) 
- Side of road they have dust baths on steep 
part. Loose ground is preferred (2) 
- Trails, side hills (5) 
- Many dust baths everywhere they are (6) 
- Doesn't know of any mineral lick places 
(6) 
-Carnation Point (9, 11) 
- High country (away from flies) near lakes 
(preventing other animals that live there) 
(12) 
- Old village, cross bay in spring and 
summer (swimming) (14) 
- Same places as moose, roll around in 
dirt, rip trees towards road (15) 
~ Areas where they roll in the dirt (17) 

5, 14 Hillsides/top of hillsides 

- Saskatchewan flats, just before Marten 
Lake (summer, winter) (1) 
- Side of road they have dust baths on steep 
part. Loose ground is preferred (2) 
- Trails, side hills (5) 
- Many dust baths everywhere they are (6) 
- Doesn't know of any mineral lick places 
(6) 
-Carnation Point (9, 11) 
- High country (away from flies) near lakes 
(preventing other animals that live there) 
(12) 
- Old village, cross bay in spring and 
summer (swimming) (14) 
- Same places as moose, roll around in 
dirt, rip trees towards road (15) 
~ Areas where they roll in the dirt (17) 

19 Don't know - Any place? 

- Saskatchewan flats, just before Marten 
Lake (summer, winter) (1) 
- Side of road they have dust baths on steep 
part. Loose ground is preferred (2) 
- Trails, side hills (5) 
- Many dust baths everywhere they are (6) 
- Doesn't know of any mineral lick places 
(6) 
-Carnation Point (9, 11) 
- High country (away from flies) near lakes 
(preventing other animals that live there) 
(12) 
- Old village, cross bay in spring and 
summer (swimming) (14) 
- Same places as moose, roll around in 
dirt, rip trees towards road (15) 
~ Areas where they roll in the dirt (17) 

4, 7, 8, 13 No Response 

- Saskatchewan flats, just before Marten 
Lake (summer, winter) (1) 
- Side of road they have dust baths on steep 
part. Loose ground is preferred (2) 
- Trails, side hills (5) 
- Many dust baths everywhere they are (6) 
- Doesn't know of any mineral lick places 
(6) 
-Carnation Point (9, 11) 
- High country (away from flies) near lakes 
(preventing other animals that live there) 
(12) 
- Old village, cross bay in spring and 
summer (swimming) (14) 
- Same places as moose, roll around in 
dirt, rip trees towards road (15) 
~ Areas where they roll in the dirt (17) 

*Locations were also marked on a map but where not made available by CAFN 
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Table A5-8. Responses to question 8. 
Questions and Comments 

Interview # 

Do bison do anything 
special that might affect 

the land or the plants (tear 
up the ground, roll in the 

dust, tear up bushes, 
charge around)? 

Comments Does this happen at a 
certain time of year? 

Do you think it is a problem? 

2, 5, 6, 11, 
12, 14, 17 

Rub against trees/ 
Tear up trees/ 

Knock trees down 

- A l l the time/ all year (2, 
6, 12) 
~ Winter (5) 
~ Fall time during rut (11) - Y e s ( l , 2, 12, 14, 17,) 

~ They should have asked first i f 
people wanted them (too many 
calves) (2) 
- No (5) 
- D o n ' t think so (16) 
~ Something that needs to be 
looked at and factored into size, 
to be used in management size 
(6) 
- Localized basis but on a whole 
insignificant (7) 
- N o , natural for bison (11) 
~ Thinks it should be monitored, 
rate of growth slow, trails cause 
erosion (14) 
- It looks bad (scenery) ( 17) 
-[Yes] for trappers (19) 

1,7, 10, 12, 
14, 17, 19 

Tear up ground/ 
Trample ground/ 

Paw ground 

- Yukon land isn't 
adapted to the Buffalo's 
ways - intrusion on the 
ecosystem (1) 
~ Hooves affect plant 
growth (7) 
~ Rip up trails (12) 
~ Destroy a lot of habitat 
— Lots of trails in Aishihik 
area ( 14) 

- A l l the t ime(l) 
- Spring, summer (7) 
- Y e a r round (12, 14) 
- Summer months (May, 
June, July - when bugs 
are bad) (17) 
- Summer July-August 
(19) 

- Y e s ( l , 2, 12, 14, 17,) 
~ They should have asked first i f 
people wanted them (too many 
calves) (2) 
- No (5) 
- D o n ' t think so (16) 
~ Something that needs to be 
looked at and factored into size, 
to be used in management size 
(6) 
- Localized basis but on a whole 
insignificant (7) 
- N o , natural for bison (11) 
~ Thinks it should be monitored, 
rate of growth slow, trails cause 
erosion (14) 
- It looks bad (scenery) ( 17) 
-[Yes] for trappers (19) 

5, 6, 11, 16 Wallowing (roll around)/ 
Dust baths 

~ Nov. to Feb. no dust 
baths (6) 
- Fall time during rut (11) 
- Anytime (summer -
bugs) (16) 

- Y e s ( l , 2, 12, 14, 17,) 
~ They should have asked first i f 
people wanted them (too many 
calves) (2) 
- No (5) 
- D o n ' t think so (16) 
~ Something that needs to be 
looked at and factored into size, 
to be used in management size 
(6) 
- Localized basis but on a whole 
insignificant (7) 
- N o , natural for bison (11) 
~ Thinks it should be monitored, 
rate of growth slow, trails cause 
erosion (14) 
- It looks bad (scenery) ( 17) 
-[Yes] for trappers (19) 18 Don't know 

~ Depends on what they 
eat 

- Y e s ( l , 2, 12, 14, 17,) 
~ They should have asked first i f 
people wanted them (too many 
calves) (2) 
- No (5) 
- D o n ' t think so (16) 
~ Something that needs to be 
looked at and factored into size, 
to be used in management size 
(6) 
- Localized basis but on a whole 
insignificant (7) 
- N o , natural for bison (11) 
~ Thinks it should be monitored, 
rate of growth slow, trails cause 
erosion (14) 
- It looks bad (scenery) ( 17) 
-[Yes] for trappers (19) 

3,4, 8, 13, 
15 

No Response 

- Y e s ( l , 2, 12, 14, 17,) 
~ They should have asked first i f 
people wanted them (too many 
calves) (2) 
- No (5) 
- D o n ' t think so (16) 
~ Something that needs to be 
looked at and factored into size, 
to be used in management size 
(6) 
- Localized basis but on a whole 
insignificant (7) 
- N o , natural for bison (11) 
~ Thinks it should be monitored, 
rate of growth slow, trails cause 
erosion (14) 
- It looks bad (scenery) ( 17) 
-[Yes] for trappers (19) 
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Table A5-9. Responses to question 9. 
Questions and Comments 

Interview # 

Can you think of anything 
that bison do that might 
affect any other animals 
(wildlife, fish, birds)? 

Comments How do you think this affects 
the animal? 

Is it a serious 
problem? 

3, 6, 9, 10, 
11, 15, 

Competition for food 

~ Competition with caribou and 
moose (2, 9) 
~ Competing for same food as 
moose (11) 
~ Eat all plants, taking away from 
beavers, muskrat and caribou (15) 

~ Trampling - tearing things 
up, remove feed for caribou 
and moose (2) 
~ Hugh impact on predator (6) 
~ Moose move away ( 11 ) 
~ Kills them, starves them, 
brings population low and 
makes other animals move 
away (15) 

~ Yes, calves 
don't come back 
to Aishihik after 
being moved out 
by bison (smell) 
(15) 

5, 9, 10, 17 Move out local game 

~ Scared of them (5) 
~ Moose and caribou move away 
after bison (9) 
~ Just being there, moving local 
game, so intimidating (17) 

~ Chase moose away from 
valley to mountains. Moose 
stay up high anyways (5) 
~ Make them find new homes, 
find new feeding thus sending 
hunters (Aishihik) Farther to 
hunt local animals ( 17) 

~ Not really (5) 
- Y e s (9, 17) 

1,3 
Destroy vegetation 

(tearing up ground and 
trees) 

~ Metaphor bison - steamroller 
(1) 

~ Inadvertently affect other 
creatures (cycle) (1) 
~ Bison set back succession 
[by] damaging permafrost, 
moss. Definite impact on the 
land (3) 

2, 9, 12 
Destroy nests/muskrat 

houses 

~ Trample ducks nest, homes (2, 
9) 
~ Stomping up egg nest (May, 
June), destroy ptarmigan ( 12) 
~ Trampling/digging up 
[musk]rat houses (9, 12) 

~ K i l l ducks (eggs) (2) 
~ Kil ls babies, moves 
animal/bird out [of] nests (12) 
~ Muskrat freezes to death (12) 

~ No (2) 
~ Yes (9) 

2,7 Affect lakes 
~ The hang around lakes (2) 
~ Bison falling through a small 
lake might have an affect (7) 

18 
Scared of bison 

[i.e., intimidating other 
animals] 

~ Other animals scared of bison 

13, 14, 16, 
18, 19 

No/Don't think so/Don't 
know 

~ Depends on what they eat ( 18) 

4, 8 No response 
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3) Bison and Human Interactions 

While some interview participants indicated that they saw bison everyday, year round, or 

every time they visit the Aishihik Lake area, others stated that they only see bison a few 

times a year, not very often or not for quite a while (Table A5-10). When people did see 

bison, generally, nothing happened (e.g., bison just stared and were not being aggressive). 

Several participants indicated that bison tend to be more aggressive in the fall during the 

rut. 

Several interviewees indicated ways in which bison posed problems for them (Table A5-

11). These included: destroying fences, disrupting trapping, trampling gardens, ruining 

graveyards, tangling fish nets, eating horse forage, and endangering their way of live 

(since bison moved all the local game away). A few participants expressed difficultly in 

getting bison to move off of roadways. However several participants also indicated that 

bison did not pose a problem for them. 

Less than half of the participants stated that they would like to hunt bison (Table A5-12). 

Reasons for wanting to hunt bison included: there is nothing else to hunt; good quality 

meat; close to home; there a lot of restrictions on non-native hunters on big game 

animals; and the population is increasing too fast so they need to be hunted. Reasons for 

not wanting to hunt bison included: hunting bison is not a challenge; too much meat; 

don't like bison meat; scared of bison; or just not interested. 

Participants identified several options for how to manage bison in the Aishihik Lake area 

(Table A5-13). Only a few of the interviewees indicated that they were opposed to a free 

ranging bison herd. They suggested that bison be kept in enclosures or gotten rid of all 

together. However, most participants have suggested several options for managing a free 

ranging population including: continuing to hunt the population and regulate the number 

of bison; reducing the population to less than 500 animals; keeping the herd at its current 

size of 500 animals; letting them grow with continued hunting and monitoring; and 

letting them grow without restrictions. One participant suggested that bison meat be sold 

by C A F N as an economic opportunity. 
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Table A5-10. Responses to question 10. 
Questions and Comments 

Interview 
# 

How often do 
you see bison on 

the land? 
Comments What do they do when they see 

you? 
Do they react differently at 
different times of the year? 

2, 15 Everyday 
- Airport, village, road (2) 
~ Aishihik (9) - Nothing (1, 5, 6, 9, 10, 11, 19) 

~ Runaway depending ( 1 ) 
~ Look at you looking dumb 
unless you have a dog (on road) 
(2) 
~ No big reaction. No fear or 
aggression (3) 
~ Helicopter [near by] they run 
(3) 
~ Not scared (5) 
~ Not much, depends where you 
are. Bison around Hutshi took 
off(7) 
~ Look back at [you] (10) 
~ Stand. Try to charge (12) 
~ Don't like horses/four wheelers 
(12) 
-Take off (14) 
~ Most look at you (not scared) 
(14) 
~ Stare at you (15, 17) 
- G e t off road (16) 

- Don't know (1) 
- More aggressive when 
they're mating (2) 
- Mostly bulls (late August) 
more aggressive (rut season) 
(3) 
- Chase people during rutting 
season (more aggressive) and 
when calves in spring (9) 
- Fall probably when rutting 
(10) 
- Yes, fall time bulls paw 
around (11) 
- No, very protective year 
round. Cows protect calves in 
summer. Bulls protect cow all 
winter ( 12) 
- D o n ' t k n o w (14, 19) 
- Same year round ( 16) 
- N o (17) 

1,6 Year round ~ Spring, summer, winter, fall (1) 

- Nothing (1, 5, 6, 9, 10, 11, 19) 
~ Runaway depending ( 1 ) 
~ Look at you looking dumb 
unless you have a dog (on road) 
(2) 
~ No big reaction. No fear or 
aggression (3) 
~ Helicopter [near by] they run 
(3) 
~ Not scared (5) 
~ Not much, depends where you 
are. Bison around Hutshi took 
off(7) 
~ Look back at [you] (10) 
~ Stand. Try to charge (12) 
~ Don't like horses/four wheelers 
(12) 
-Take off (14) 
~ Most look at you (not scared) 
(14) 
~ Stare at you (15, 17) 
- G e t off road (16) 

- Don't know (1) 
- More aggressive when 
they're mating (2) 
- Mostly bulls (late August) 
more aggressive (rut season) 
(3) 
- Chase people during rutting 
season (more aggressive) and 
when calves in spring (9) 
- Fall probably when rutting 
(10) 
- Yes, fall time bulls paw 
around (11) 
- No, very protective year 
round. Cows protect calves in 
summer. Bulls protect cow all 
winter ( 12) 
- D o n ' t k n o w (14, 19) 
- Same year round ( 16) 
- N o (17) 

3, 12 
Several times a 

year 

~ 20-30 times a year (3) 
~ Lots, doesn't like it though (12) 
~ Every weekend and most of 
August 1998, setting traps they 
can be seen (17) 

- Nothing (1, 5, 6, 9, 10, 11, 19) 
~ Runaway depending ( 1 ) 
~ Look at you looking dumb 
unless you have a dog (on road) 
(2) 
~ No big reaction. No fear or 
aggression (3) 
~ Helicopter [near by] they run 
(3) 
~ Not scared (5) 
~ Not much, depends where you 
are. Bison around Hutshi took 
off(7) 
~ Look back at [you] (10) 
~ Stand. Try to charge (12) 
~ Don't like horses/four wheelers 
(12) 
-Take off (14) 
~ Most look at you (not scared) 
(14) 
~ Stare at you (15, 17) 
- G e t off road (16) 

- Don't know (1) 
- More aggressive when 
they're mating (2) 
- Mostly bulls (late August) 
more aggressive (rut season) 
(3) 
- Chase people during rutting 
season (more aggressive) and 
when calves in spring (9) 
- Fall probably when rutting 
(10) 
- Yes, fall time bulls paw 
around (11) 
- No, very protective year 
round. Cows protect calves in 
summer. Bulls protect cow all 
winter ( 12) 
- D o n ' t k n o w (14, 19) 
- Same year round ( 16) 
- N o (17) 

7, 19 A few times a 
year 

~ 4 times a year (7) 
~ Every summer (19) 

- Nothing (1, 5, 6, 9, 10, 11, 19) 
~ Runaway depending ( 1 ) 
~ Look at you looking dumb 
unless you have a dog (on road) 
(2) 
~ No big reaction. No fear or 
aggression (3) 
~ Helicopter [near by] they run 
(3) 
~ Not scared (5) 
~ Not much, depends where you 
are. Bison around Hutshi took 
off(7) 
~ Look back at [you] (10) 
~ Stand. Try to charge (12) 
~ Don't like horses/four wheelers 
(12) 
-Take off (14) 
~ Most look at you (not scared) 
(14) 
~ Stare at you (15, 17) 
- G e t off road (16) 

- Don't know (1) 
- More aggressive when 
they're mating (2) 
- Mostly bulls (late August) 
more aggressive (rut season) 
(3) 
- Chase people during rutting 
season (more aggressive) and 
when calves in spring (9) 
- Fall probably when rutting 
(10) 
- Yes, fall time bulls paw 
around (11) 
- No, very protective year 
round. Cows protect calves in 
summer. Bulls protect cow all 
winter ( 12) 
- D o n ' t k n o w (14, 19) 
- Same year round ( 16) 
- N o (17) 

5, 9, 10, 
11, 14, 
16, 17 

Every time in 
Aishihik area 

~ Winter time when on trapline 
(5) 
- 3 - 4 times a year ( 10) 
~ Sometimes seen (other [times] 
not) (16) 

- Nothing (1, 5, 6, 9, 10, 11, 19) 
~ Runaway depending ( 1 ) 
~ Look at you looking dumb 
unless you have a dog (on road) 
(2) 
~ No big reaction. No fear or 
aggression (3) 
~ Helicopter [near by] they run 
(3) 
~ Not scared (5) 
~ Not much, depends where you 
are. Bison around Hutshi took 
off(7) 
~ Look back at [you] (10) 
~ Stand. Try to charge (12) 
~ Don't like horses/four wheelers 
(12) 
-Take off (14) 
~ Most look at you (not scared) 
(14) 
~ Stare at you (15, 17) 
- G e t off road (16) 

- Don't know (1) 
- More aggressive when 
they're mating (2) 
- Mostly bulls (late August) 
more aggressive (rut season) 
(3) 
- Chase people during rutting 
season (more aggressive) and 
when calves in spring (9) 
- Fall probably when rutting 
(10) 
- Yes, fall time bulls paw 
around (11) 
- No, very protective year 
round. Cows protect calves in 
summer. Bulls protect cow all 
winter ( 12) 
- D o n ' t k n o w (14, 19) 
- Same year round ( 16) 
- N o (17) 

8 Don't see much ~ Don't see much along roads 

- Nothing (1, 5, 6, 9, 10, 11, 19) 
~ Runaway depending ( 1 ) 
~ Look at you looking dumb 
unless you have a dog (on road) 
(2) 
~ No big reaction. No fear or 
aggression (3) 
~ Helicopter [near by] they run 
(3) 
~ Not scared (5) 
~ Not much, depends where you 
are. Bison around Hutshi took 
off(7) 
~ Look back at [you] (10) 
~ Stand. Try to charge (12) 
~ Don't like horses/four wheelers 
(12) 
-Take off (14) 
~ Most look at you (not scared) 
(14) 
~ Stare at you (15, 17) 
- G e t off road (16) 

- Don't know (1) 
- More aggressive when 
they're mating (2) 
- Mostly bulls (late August) 
more aggressive (rut season) 
(3) 
- Chase people during rutting 
season (more aggressive) and 
when calves in spring (9) 
- Fall probably when rutting 
(10) 
- Yes, fall time bulls paw 
around (11) 
- No, very protective year 
round. Cows protect calves in 
summer. Bulls protect cow all 
winter ( 12) 
- D o n ' t k n o w (14, 19) 
- Same year round ( 16) 
- N o (17) 

18 Not for quite 
awhile 

- Nothing (1, 5, 6, 9, 10, 11, 19) 
~ Runaway depending ( 1 ) 
~ Look at you looking dumb 
unless you have a dog (on road) 
(2) 
~ No big reaction. No fear or 
aggression (3) 
~ Helicopter [near by] they run 
(3) 
~ Not scared (5) 
~ Not much, depends where you 
are. Bison around Hutshi took 
off(7) 
~ Look back at [you] (10) 
~ Stand. Try to charge (12) 
~ Don't like horses/four wheelers 
(12) 
-Take off (14) 
~ Most look at you (not scared) 
(14) 
~ Stare at you (15, 17) 
- G e t off road (16) 

- Don't know (1) 
- More aggressive when 
they're mating (2) 
- Mostly bulls (late August) 
more aggressive (rut season) 
(3) 
- Chase people during rutting 
season (more aggressive) and 
when calves in spring (9) 
- Fall probably when rutting 
(10) 
- Yes, fall time bulls paw 
around (11) 
- No, very protective year 
round. Cows protect calves in 
summer. Bulls protect cow all 
winter ( 12) 
- D o n ' t k n o w (14, 19) 
- Same year round ( 16) 
- N o (17) 

4 No Response 

- Nothing (1, 5, 6, 9, 10, 11, 19) 
~ Runaway depending ( 1 ) 
~ Look at you looking dumb 
unless you have a dog (on road) 
(2) 
~ No big reaction. No fear or 
aggression (3) 
~ Helicopter [near by] they run 
(3) 
~ Not scared (5) 
~ Not much, depends where you 
are. Bison around Hutshi took 
off(7) 
~ Look back at [you] (10) 
~ Stand. Try to charge (12) 
~ Don't like horses/four wheelers 
(12) 
-Take off (14) 
~ Most look at you (not scared) 
(14) 
~ Stare at you (15, 17) 
- G e t off road (16) 

- Don't know (1) 
- More aggressive when 
they're mating (2) 
- Mostly bulls (late August) 
more aggressive (rut season) 
(3) 
- Chase people during rutting 
season (more aggressive) and 
when calves in spring (9) 
- Fall probably when rutting 
(10) 
- Yes, fall time bulls paw 
around (11) 
- No, very protective year 
round. Cows protect calves in 
summer. Bulls protect cow all 
winter ( 12) 
- D o n ' t k n o w (14, 19) 
- Same year round ( 16) 
- N o (17) 
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Table A5-11. Responses to question 11. 
Questions and Comments 

Interview if 

Do bison pose any kind of problem 
for you? (limit access, destroy 
property, endanger you or your 

family or your livestock?) 

Comments 

I, 2, 4, 9, 
I I , 12, 14, 
15, 17, 18 

Yes 

~ Destroy/break fences (1. 9. 12, 15, 17) 
~ Maybe too friendly (dangerous) ( 1 ) 
~ Can't get as much gophers, rabbits (2) 
~ At village [bison] push posts down (2) 
~ Push against fences (2) 
- Garden was trampled (2) 
~ Just when [bison are] on the road - can't see them (4) 
~ Competition [with] horses [for] feed (9) 
~ Endanger a way of life [by] moving all the local animals away (9) 
~ Dead bison damage water (fall through lake in winter (9) 
~ Ruin graveyards, some old houses can never be replaced (9) 
~ Endanger grandchildren, knock down off horses ( 11 ) 
~ [Bison] block trapline trails (12) 
~ Limit access to gopher hunting (12) 
~ Dangerous to park vehicle close too bison (12) 
~ Eat hay (12) 
~ In front of house eat veg[etation] (14) 
~ Keep old people away from hunting ( 15) 
~ Dangerous animals ( 15) 
~ Wreck gardens corrals ( 15) 
~ Ruin fish nets (tangle) (15) 
~ Destroy traps ( 17) 
~ They leave [a] mess at Aishihik village (17) 
~ Annoying (move pretty fast) ( 18) 

6, 7, 10, 13, 
16, 19 

No ~ During job yes - [when] responding to calls of damage (6) 
~ [Bison are a] nuisance - can't do anything to make them move ( 13) 

3 Not directly ~ Scared sometimes (3) 

5, 8, 10, 16 No Response 
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Table A5-12. Responses to question 12. 
Questions and Comments 

Interview # 
Are you interested 
in hunting bison? 

Why? 

1,3, 6, 9, 
12, 14 

Yes 

~ Don't want [bison] to mess with harvest [in] Aishihik (1) 
~ Good meat ( 1 ) 
~ Potential [for bison] to be dangerous in future years (1) 
~ Nothing else to hunt (3) 
~ Good quality meat (6) 
~ Good hunting experience (6) 
~ Close to home (6) 
~ A lot of restrictions on non-native hunters on big game animals (6) 
~ They have to be hunted, population increase too fast (9) 
~ Bigger animal, acquired taste ( 12) 
~ Need to know how to clean/skin bison before hunting (12, 14) 

2, 4, 5, 7, 
10, 13, 16, 

17, 18 
No 

~ Would hunt but wouldn't eat bison. Don't like meat. If bison killed, food is given to 
dogs (2) 
~ Scared of them (4) 
~ No challenge (7) 
~ Too much meat (7) 
~ No sport (10) 
~ Never ate bison before ( 16) 
~ Don't care for bison meat (not much people like bison meat so more hunting would be 
from non-natives) (18) 
~ Don't like meat, not used to meat (19) 

11 Maybe ~ [if] no moose (11) 

8, 15 No Response 
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Table A5-13. Responses to question 13. 
Questions and Comments 

Interview # 
What do you think should be done with bison 
(e.g., keep only in enclosures or free ranging? 
Keep pop 'n at 500? Let the pop 'n grow? etc.) 

Comments/Why? 

4, 15 Get rid of them 
~ Get in the way of trapping (4) 
~ Move [bison]; no caribou or moose around anymore ( 15) 

2 Keep in enclosures ~ Herd them and keep corralled (2) 
~ No free bison in Alberta or prairies, why here? (2) 

10, 19 Keep hunting 
~ Shoot for elders [for] potlatches etc. ( 10) 
~ K i l l some for elders to try (19) 

9, 12, 17 Less than 500 
~ Drop population to 50 (12) 
~ Keep in range; monitor closely (12) 
~ Keep population down, right now there's too much (17) 

3,6 Keep at 500 

~ Bison stay in smaller heads, wouldn't want to see over 
500 [however] need to assess before making a decision (3) 
~ Strictly monitored and harvested to target of 500 (6) 
~ [Need to] study bison interaction with other big game 
animals [and] alteration to habitat [caused by bison] (6) 

7, 18 Regulate numbers 
~ Doesn't think it should be left alone - wants regulated. 
Doesn't want all over the country; [would] rather have 
caribou or moose (7) 

1, 10 Let them grow with hunting/monitoring 

~ [YTG] should let them go, and monitor the hunting 
(regulated) (1) 
~ Bison can have a negative impact on [the] environment 
if numbers are let to increase without hunting (1) 
~ Keep bison at a sustainable level for hunting (10) 
~ Shoot trouble bison at village (10) 

16 Let them grow ~ Let them grow and roam around ( 16) 

9, 14 Sell them 

~ Sell them if not hunted (9) 
~ Champagne Aishihik [should] look at harvesting and 
sell bison meat (slaughter house) - an economic 
opportunity (14) 

5, 13 Don't know 

8 No Response 

147 




