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1 Introduction 

The Muskwa–Kechika (MK) area is considered one of North America’s last true wilderness 
areas south of the 60th parallel because of its wealth of natural beauty, natural resources, and few 
roads.  It is also considered globally significant for the diversity and abundance of its wildlife 
populations, in particular the many large mammals, and intact predator-prey systems, that it 
supports.  Caribou, elk, moose, and Stone’s sheep are abundant.  The large populations are not 
only an integral part of the wilderness character of the area but also support many significant 
consumptive and non-consumptive human uses.  As well as supporting many wild predators 
(e.g., wolves, grizzly bears and cougars), the ungulates in the MK are important foods for First 
Nations, provide substantial income to a number of guide-outfitters and packers, provide for 
recreational hunting opportunities, wildlife viewing, and general wilderness-based tourism. 

Despite the national and international significance of the large mammal predator-prey systems of 
the Muskwa-Kechika Management Area (MKMA), studies have not previously been conducted 
on caribou ecology in the northern half of the area until recently.  Population estimates indicate 
this area supports a very substantial proportion (approximately 11-13%) of BC’s northern 
caribou population (Heard and Vagt, 1998; Cichowski et al., 2004). 

Although caribou studies have been conducted elsewhere in the province, often in response to 
timber resource development, in this study area different ecological conditions and resource 
demands prevail.  Harrison and Surgenor (1996) noted that for northeastern B.C. in general, 
there are few published data of woodland caribou, and information is lacking on the numbers, 
their seasonal movements, their habitat requirements, and their interaction with other species. 
The MK offers an ideal opportunity to study predator-prey systems relatively intact. As Ballard 
and van Ballenberghe (1998) point out, before predator-prey populations in altered ecosystems 
can be understood and managed, the understanding of these systems in natural or near-natural 
settings is imperative. The authors note that the northern ecosystems of Canada and Alaska offer 
the best opportunities for understanding these relationships, as most habitats remain relatively 
undisturbed. 

Future years can be expected to bring a variety of significant issues with regard to the 
management of caribou herds, and the predator-prey systems in general.  Oil and gas 
development, BC Parks objectives, future guide-outfitting demands, and timber development, 
are likely to result in conflicting objectives and often highly contentious issues.  There will be a 
need to develop an area specific management plan tailored to the ecological conditions, 
predator-prey systems, and human resource demands that operate in this area.  A scientific 
foundation is needed for making appropriate management decisions that will ensure the major 
predator-prey systems in this area remain intact. 
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This project was initiated in 1999 with seed funding from the MKTF to produce a background 
review of information on the Muskwa Caribou Herd (MCH).  The background review by 
Radcliffe (2000) provided a detailed synopsis of information relevant to caribou population and 
ecological research in the Muskwa-Kechika, completed as Phase 1 of this project.  Phase 2 
consisted of an applied 4-year field program, which began in October of 2000.  This report 
presents the data collected from project initiation in 2000 up to data collected in June of 2004, 
which covers the planned four-year field project on the population and ecology of the Muskwa 
caribou herd in the northern MKMA. 

1.1 Objectives 

This project aims to establish baseline ecological information on one of the two main caribou 
herds in the MK, the Muskwa herd, to support future wildlife management and conservation 
objectives for the predator-prey systems in the northern part of the MK. The work involved 
detailed characterization of the Muskwa herd, including population sizes, sex ratios, recruitment, 
mortality, home ranges, especially winter ranges and calving areas, seasonal movements and 
habitat use.  

Overall long term project goals were to: 

1. Establish baseline ecological information on the Muskwa herd in the northern Muskwa – 
Kechika, to support future wildlife management and conservation objectives, and future 
population monitoring.  

2. Apply the research data to the development of a caribou management strategy geared to the 
ecological and resource use activities that prevail in the northern MK. 

3. Develop a caribou habitat model to predict caribou distributions across the landscape, and 
incorporate the model into a management tool that will permit the evaluation of proposed 
development impacts, including cumulative effects assessment.   

The first goal was achieved by meeting the following subsidiary objectives through a four year 
research project: 

• Identify the population parameters, including overall numbers, sex ratios, recruitment, 
and mortality (including predation rates) for the Muskwa caribou herd; 

• Identify the multi-annual, annual and seasonal ranges of the herd, especially calving and 
late winter areas;  

• Calculate and compare individual home ranges for collared, adult female caribou within 
the study area; 

• Develop a habitat map base for the study area that identifies caribou habitat units; 
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• Document habitat use patterns and improve knowledge of seasonal habitat needs in the 
north; and  

• Communicate project results to members of the public as well as to fellow researchers in 
both the public and private sectors. 

1.1.1 Applicable MKMA Objectives 
Project goals that were applicable to the MKMA objectives included: 

• To support wildlife and wilderness resources of the management area through research 
and integrated management of natural resource development; and 

• To maintain in perpetuity the diversity and abundance of wildlife species and the 
ecosystems on which they depend throughout the Management Area.  

1.2 Study Area  

The study area comprises a large region within the northeastern section of the Muskwa–Kechika 
Management Area (MKMA), primarily areas to the north and south of the Alaska Highway 
(Figure 1).  The project is based out of Toad River at mile 422 of the Alaska Highway 
(logistically the centre of operations) approximately 195 km west of Fort Nelson in northern 
British Columbia.  The study area covers ~890,000 hectares and incorporates a diverse 
topography, climbing from the lowlands of the Snake and Dunedin Rivers, up through the 
Dunedin foothills into the rugged peaks of Stone Mountain Provincial Park.  It then extends west 
across Toad River to the eastern portion of Muncho Lake Park, south around Racing River, 
across Wokkpash to the Chischa River system, then north and east towards Tetsa River Park.  

Portions of the study area are located within three of the Muskwa-Kechika Resource 
Management Zones (RMZs):  Eight Mile/Sulphur, Stone Mountain, and Churchill. A number of 
protected areas also fall within the study boundaries, including: 

• Muncho Lake Provincial Park (eastern portion) 
• Stone Mountain Provincial Park  
• Northern Rocky Mountains Park (Wokkpash, Tetsa and Chischa River Areas) 

In addition, the Alaska Highway Corridor RMZ (enhanced resource development category) and 
Toad River Corridor RMZ run through parts of the study area.  
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Figure 1: Caribou study area within the MKMA. 
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1.2.1 Topography 
The Northern Rocky Mountains are extremely rugged, comprising a series of northwest to 
southeast trending valleys and ridges.  Numerous peaks occur within the core study area, 
including Mt. Socrates and Mt. Aristotle in the west part, Stone Mountain at the northern end, 
and Chischa and Tetsa Peaks to the south.  Mt. Mary Henry is the highest peak in the area at 
2,614 m.  The foothills to the north and east are more subdued, and generally lie between 1,350 
m and 1,650 m.  Rugged mountain ranges, narrow valleys and tundra dominate the southern, 
western and southwestern sections of the study area.  A more rolling topography with broad, 
open ridges and wide valleys prevails in the northeastern part of the study area.    

1.2.2 Climate   
The Polar Ecodomain, in which the study area is located, is characterized by low temperatures, 
severe winters, and small amounts of precipitation; it is commonly under the influence of cold 
Arctic air in winter (Demarchi, 1996).  On the north and east sides, the lower peaks and foothills 
lie within the rain shadow of the Rocky Mountains, resulting in generally low precipitation, 
including low snowpacks.  Within the Rocky Mountains, complex patterns of surface heating 
and cold air drainage occur due to the rugged relief.  Snow generally increases with increasing 
elevation, but temperature inversions often occur, resulting in warmer conditions and sometimes 
less snow at the higher elevations than in the valley bottoms.  Thus many of the higher ridges 
may have little snow and are in addition often windblown.  This factor may significantly 
influence wildlife movements in the winter months.   

1.2.3 Access 
The Alaska Highway provides the major existing road access to the study area.  There are also a 
few dirt roads and well-developed trails, which make parts of the study area accessible by a 
combination of horseback, foot, and snowmobile.  Road 401, to an abandoned mine, runs south 
from the highway near the 113 Creek crossing into the Racing River system, towards Churchill 
Creek and Wokkpash.  There is then a trail up into Wokkpash Lake, with a guide-outfitter camp 
at the north end of the lake, and a B.C. Parks cabin at the south end (B.C. Parks, 1999).  A major 
trail also exists on the east side of the mountains, linking the Tetsa River up through Henry 
Creek into the top end of the Chischa.  The southern end of the study area can also be accessed 
via the Tuchodi system.  Parks trails also facilitate access, e.g., Flowersprings Lake trail in Stone 
Mountain Park, south of the highway.  North of the highway, trails also exist along the Dunedin 
and up into the foothills north of Stone Mountain.  

 



Muskwa-Kechika Caribou Ecology   Page 6 
Final Report (M-K-2005-2006-21)  Draft, February 8, 2006 
 

   MADRONE 
 environmental services ltd. 

  

1.2.4 Ecosections  
Based on the broad physiographic divisions, which form the basis of the Ecoregion 
Classification system described by Demarchi (1996), the study area falls within the Polar 
Ecodomain.  Lying where the Northern Canadian Rocky Mountains (Eastern Muskwa Ranges 
Ecosection) and associated foothills (Muskwa Foothills Ecosection) merge with the boreal plains 
(Muskwa Plateau Ecosection), it is an area encompassing great biophysical diversity.  This 
ranges from the rugged peaks of the Rocky Mountains, best expressed in Stone Mountain Park 
and areas south, through expansive rolling country and wide valleys of the Muskwa Foothills, to 
the relatively subdued upland terrain that prevails in the Muskwa Plateau.  Further east lie the 
expansive plains of the Fort Nelson Lowlands (Figure 2).   

1.2.5 Biogeoclimatic Zones 
Biogeoclimatic zones that occur within the area of study are the Boreal White and Black Spruce 
(BWBS), the Spruce - Willow Birch (SWB) and Alpine Tundra (AT).  Summaries of these zones 
can be found in Meidinger & Pojar (1991). The biogeoclimatic subzones and variants that occur 
within the study area are listed in Table 1, and illustrated in Figure 2. 

 

Table 1:  Biogeoclimatic units of the study area. 
BEC zone Subzones Elev. % of Study 

Area 
Location Comments 

Dry cool 
(BWBSdk2) 

600- 
1000m 

<1% of study 
area (1,608 
ha) 

Found in the northern 
section of the study 
area, below the 
SWBmk 

Climate is drier and cooler 
than the BWBSmw2, 
forests dominated by Sw 
and Pl, aspen found on 
warm aspects and on burnt 
areas 

Black and 
White Boreal 
Spruce 
(BWBS) 

Moist warm  
(BWBSmw2) 

600- 
1100m 

10% 
(91,107ha) 

Occupies rolling 
topography on lower 
elevations on eastern 
flanks of the northern 
Rockies 

High aspen component; 
longer growing season 
than SWBmk 

Moist cool 
(SWBmk) 

1000-
1300m 

44% 
(394,411 ha) 

Middle elevations of 
northern Rocky 
Mountains 

Subalpine zone above 
BWBS; open forests, 
mixed with shrublands 

Spruce-
Willow-Birch 
(SWB) 

Moist cool 
scrub 
(SWBmks) 

1300-
1600m 

9%  
(80,978 ha) 

Middle-upper 
elevations of northern 
Rocky Mountains 

Transitional to AT, shrub 
and grasslands 

Alpine Tundra 
(AT) 

AT >1600m 36% 
(321,905 ha) 

All high elevation 
areas – includes ATp 
(parkland) 

Tundra, rock and scrub, 
dwarf plants and lichens, 
rock and ice 
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Table 1:  Biogeoclimatic units of the study area.

BEC zone Subzones Elevation (m) Location Comments

Dry cool 
(BWBSdk2)

600–1000 Found in the top northern most 
section of the study area

Climate is drier and cooler than the 
BWBSmw2, forests dominated by Sw 
and Pl, aspen found on warm 
aspects and on burnt areas

Moist warm  
(BWBSmw2)

600–1100 Occupies rolling topography on 
lower elevations on eastern flanks 
of the northern Rockies

High aspen component; longer 
growing season than BWBSwk3

Moist cool 
(SWBmk)

1000-1300 Middle elevations of northern Rocky 
Mountains

Subalpine zone above BWBS; open 
forests, mixed with shrublands

Moist cool 
scrub 
(SWBmks)

1300-1600 Middle-upper elevations of northern 
Rocky Mountains

Transitional to AT, shrub and 
grasslands

Alpine Tundra (AT) AT >1600 High elevation areas Tundra, rock, ice, scrub, dwarf plants 
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Black and White 
Boreal Spruce 
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1.2.5.1 Boreal White and Black Spruce (BWBS) zone 

The Boreal White and Black Spruce (BWBS) is a lowland to montane zone characterized by a 
northern continental climate with long, cold winters and short summers.  Poor tree growth 
reflects the adverse climate, especially the short growing season and cold soil temperatures 
(DeLong et al., 1990).  The Fort Nelson Moist Warm (mw2) subzone covers lowland and 
undulating terrain.  Forest cover varies, but white spruce, trembling aspen, and paper birch 
forests are usually present on moderately well-drained sites.  Black spruce and lodgepole pine 
forests dominate poor sites.   

1.2.5.2 Spruce Willow Birch (SWB) zone 

The Spruce Willow Birch (SWB) zone has an interior subalpine climate characterized by long, 
very cold winters and brief, cool summers.  The Moist Cool (mk) subzone occurs at lower 
elevations of the SWB where intermittent white spruce and subalpine fir woodlands 
predominate.  The Moist Cool Scrub (mks) subzone occurs at higher elevations where willow 
and scrub birch low shrub is interspersed with grass and sedge-dominated meadows and 
occasional patches of krummholz (MacKinnon et al., 1990). 

1.2.5.3 Alpine Tundra (AT) zone 

The severe climate of the Alpine Tundra (AT) zone is characterized by low growing season 
temperatures and a very short frost-free period.  The AT is treeless and is dominated by dwarf 
woody plants, sedges, and lichens (MacKinnon et al., 1990). 

1.2.6 Ecosystems  
The ecosystems of the study area are described in the Prince George Forest Region guides 
(DeLong et al., 1990; MacKinnon et al., 1990).  The ecosystem classification of southeast 
Yukon also describes many of the vegetation types that occur within the study area (Zoladeski 
and Cowell, 1996).  Studies of fire-ecological relationships within the Fort Nelson Timber 
Supply Area (TSA) (Parminter, 1983) were helpful in interpreting ecosystems of the area.  

A patchwork of slow-growing forests, deciduous shrubs, and wetlands of varying ages and 
successional stages dominate vegetation of the study area.  At the lower elevations, Black spruce 
is dominant in mixture with a variety of species including trembling aspen, white spruce, 
subalpine fir, lodgepole pine, paper birch, and balsam poplar.  At higher elevations, intermittent 
white spruce and subalpine fir woodland and willow and birch scrub develop.  Alpine meadows 
and unvegetated cliffs and rubble dominate the highest elevations. 

1.2.6.1 Ecosystem Disturbances 

The most significant source of disturbance within the study area is fire.  Mature conifer stands 
are relatively rare, and much of the variation in vegetation within the study area is due to a range 
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of successional stages resulting from fires.  Fire is most common within the BWBS zone, but 
also occurs in the SWB zone, especially on warm aspects.  Barton et al. (1998) reported that 
significant disturbance due to fire at the SWBmk/mks and the SWBmks/AT boundary elevations 
made it difficult to generalize the upper limits of tree and low tree/krummholz growth from 
aerial photograph interpretation.  

Although natural fires occur fairly often in this part of the province, many of the south aspect 
slopes in the study area have been burned through prescribed fires.  Some of the slopes are 
burned fairly frequently in order to enhance wildlife habitats and provide forage for packhorses.  
In some areas, e.g., in the Tuchodi, immediately to the south, prescribed fires have burned 
extensive areas.  This has had a very significant influence on wildlife habitats and populations 
within and around the study area.  Once a site has been burned, multiple successional paths are 
possible depending on what seed sources and seedbeds are available at that site (Parminter, 
1983).  

Fluvial processes are another form of natural disturbance.  Various successional stages are 
generally present on active floodplains in the area, due to depositional and erosional riparian 
processes.  Disturbance due to beaver activity occurs along small streams, and the dams 
maintain fens along bodies of water in the lowlands. 

1.3 Northern Caribou Ecology 

All caribou in British Columbia belong to the woodland subspecies (Rangifer tarandus) (Seip 
and Cichowski, 1996), but they can be further classified into three different ecotypes: the 
Mountain ecotype, the Northern ecotype, and the Boreal ecotype (Heard and Vagt, 1998).  This 
division into ecotypes is based on behavioural and ecological differences (Heard and Vagt, 
1998), primarily on winter diet and seasonal movements (Shackleton, 1999).  

The Northern ecotype is the subject of this study.  This ecotype occupies the mountains in 
western and northern B.C., extending over a large area to the north and west of Prince George 
(Shackleton, 1999), where there is low snowfall relative to caribou habitat (Bergerud, 1978).  
They generally summer in mountainous areas and winter in mature, low elevation lodgepole 
pine or black spruce forests or in windswept alpine areas (Seip and Cichowski, 1996; Heard and 
Vagt, 1998).  Low snow depths in these habitats allows northern caribou to crater for terrestrial 
lichens, which are their primary forage during the winter (Heard and Vagt, 1996; Seip and 
Cichowski, 1996).  

1.3.1 Populations Estimates 
Heard and Vagt (1998) and Cichowski et al. (2004) summarized the provincial status of caribou.  
The total caribou population is estimated to be in the order of 18-19,000, distributed among at 
least 44 recognized herds.  Some 15,000 in 29 identified herds comprise the northern caribou.  
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Population estimates indicate the northern MKMA supports a substantial proportion of the 
northern caribou population in B.C. (over 2,050 out of 15,000 animals) (Heard & Vagt, 1998).  
Assuming estimates are correct, the Muskwa herd (estimated 1,250), and the Rabbit herd 
(estimated 800) together comprise about 11% of total B.C. caribou and about 14% of the 
Northern ecotype.   

No complete census of caribou numbers in the northern MK was conducted prior to this 
research.  There is little historic information available, and no detailed ecological studies have 
been conducted anywhere within the geographical areas believed to support these relatively 
large herds. Population trends for both are reported to be unknown (Heard & Vagt, 1998).    

1.3.2 Caribou Ranges and Movements  
Unlike their barren ground counterparts, northern caribou do not form large herds but instead 
move in relatively smaller groups (B.C. Ministry of Environment, 1992).  They generally occupy 
large home ranges and migrate in response to seasonal habitat requirements; however, home 
range size appears to be highly variable.  For example, caribou home ranges in the Spatsizi 
varied from 500km2 to 4,000km2. The use of large home ranges allows caribou to select habitats 
offering acceptable combinations of snow conditions and food availability that reduce their 
vulnerability to predators by dispersing themselves widely (Stevenson, 1991). 

Caribou are characterised by a horizontal migratory behaviour as they frequent traditional 
calving, rutting, wintering, and post-calving ranges over a seasonal cycle (Child and King, 
1991).  They tend to show fidelity to core areas for calving (Hatler 1986; Cichowski 1989; 
Edmonds 1988; Farnell and McDonald 1989; Wood and Terry 1999), for rutting (Farnell et al., 
1991), and to seasonal ranges (Farnell and McDonald, 1989).  

In general they use high elevation forests and alpine habitat for calving, post-calving, summer, 
and rutting grounds, and move to lowland forested areas in the winter (Fenger et al., 1986).  
Females generally move to upper elevation calving areas in mid to late May (e.g., Wood, 1996).  
Summer and rutting ranges are often in the vicinity of the calving ranges (e.g., Wood, 1996).  
When snow conditions become prohibitive in the winter, caribou may move to windswept slopes 
in the alpine where terrestrial lichens will be available (Heard and Vagt, 1998).  Caribou do not, 
however, necessarily return to the same winter ranges each year.  Wood (1996) in fact found that 
most collared animals wintered on different ranges each year (i.e., there was a lack of fidelity to 
winter ranges).  Thomas et al. (1996) also report that caribou appear to rotate use of winter range 
by using one area for several winters, then shifting to another area. 

1.3.3 Habitat Selection 
Predators, snow conditions and the availability of lichens appear to be the major determinants of 
habitat use, especially in winter (Shackleton, 1999).  Similarly, Bergerud et al. (1984) and 
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Bergerud (1992) consider caribou habitat selection is largely a function of 1) food availability 
and 2) predator avoidance. These factors are not independent of one another. Lichen availability 
is thought to be strongly influenced by snow depth, and winter lichen availability is generally 
considered critical in evaluating habitat. The relationship between habitat conditions and lichen 
production are reviewed in more detail in Radcliffe and Goward (2000). 

1.3.3.1 Calving Habitats 

Most calving occurs during late May through mid-June with the peak of calving around the first 
week of June (Hatler, 1986; Wood, 1996). During the calving season, northern caribou move to 
areas that minimise risks from predation.  Thus they either use escape terrain with good visibility 
such as steep, isolated rock outcrops higher than the usual areas travelled by terrestrial predators, 
or they disperse widely over shrubby vegetation that affords concealment and lowered 
probability of detection (Fenger et al., 1986). High elevations also afford some protection from 
wolves, which generally use valleys as travel routes (Bergerud and Elliot, 1986). By calving at 
high elevations, female caribou space themselves away from wolves. Calving sites are thus 
usually on secluded alpine ridges, above tree line, or are in high elevation coniferous stands.  In 
the Itcha and Ilgachuz Mountains in west-central B.C., female caribou forgo forage quality at 
lower elevations in late May/early June to calve high in the mountains (Cichowski, 1989).   

1.3.3.2 Spring and Summer Habitats 

Spring habitats are often found at low-elevations, with caribou moving to alpine or subalpine in 
summer, although use of lower elevations also occurs (Stevenson and Hatler, 1985).  During the 
spring, northern caribou typically occupy the lowest elevations of the year (Hatler, 1986).  Wood 
(1996) found northern caribou primarily in low elevation lodgepole pine and pine/spruce forests 
in the spring (April/May).  At this time of year, northern caribou also forage in meadows and 
younger seral stands of pine and pine/aspen stands (Wood, 1996).  Terry and Wood (1998) 
found that in spring other habitat types such as non-forested areas and lakes were used more 
extensively than their occurrence. In spring and summer bulls and single animals are often in the 
forests.   

Summer ranges for northern caribou are typically alpine or subalpine, although some animals 
use low elevations (Stevenson, 1991).  Throughout the summer and early fall, northern caribou 
were found to prefer flat to rolling terrain with slopes less than 20° and northern aspects in the 
Kluane Range, Northwest Territories (Oosenburg and Theberge, 1980).  Use of these sites may 
have reflected their hygric nature and consequent predominance of sedges (Oosenburg and 
Theberge, 1980).  Commonly used landforms during the summer season included ridges, 
plateaus, and stream bottoms (Oosenburg and Theberge, 1980).  Thomas et al. (1996) report forb 
meadows in seepage areas and along alpine streams were used extensively in summer.  

Spring/Summer Diet 
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Caribou are mainly grazers. In general, little information has been collected on growing season 
diets as these are not usually considered limiting.  In summer northern caribou feed on various 
grasses, sedges, horsetails, a variety of flowering plants, and the leaves of willow and dwarf 
birch, and lichens.  In the foothills and Rocky Mountains in west central Alberta, willows, 
sedges, and lichens dominated summer diets (Thomas et al., 1996).  Throughout the summer in 
the Kluane Range, Yukon Territory, northern caribou fed disproportionately in birch-sedge 
meadows, sedge meadow communities, and other communities with high sedge components in 
the subalpine and alpine (Oosenburg and Theberge, 1980).  Sedge was considered to be the most 
important forage in determining summer habitat selection (Oosenburg and Theberge, 1980); 
willows and other shrubs were also important components of the summer diet.  Terrestrial 
lichens, when damp and where available, are consumed in summer by caribou (Thomas et al., 
1996). 

1.3.3.3 Fall Rutting Habitats 

The rut generally occurs between late September and mid-October (Fenger et al., 1986). Alpine 
habitats appear to be preferred by caribou during the rutting period.  The Klaza caribou herd in 
the Yukon moved to form large aggregations on rutting ranges on north aspect alpine areas 
(Farnell et al., 1991).  Rutting generally occurs on “gently sloping or rolling terrain with low 
vegetation where herd members are easily visible to each other” (Fenger et al., 1986).  Wood 
(1996) reported that by the fall (Sept/Oct) only 8% of caribou locations were below 1,300 m 
elevation. 

1.3.3.4 Winter Habitats 

Northern caribou generally winter in low-elevation, mature pine or pine/spruce stands (Hatler, 
1986).  Open areas below timberline including muskegs and shrub or herb meadows are also 
used in winters of light snowfall (Hatler, 1986).  For northern caribou, some of the primary early 
winter habitats are mature lodgepole pine or pine/spruce forests with abundant terrestrial lichens 
(Heard and Vagt, 1998; Wood, 1996).  Wood (1996) found that northern caribou in the Omineca 
Mountains foraged on terrestrial lichens in both lowland lodgepole pine flats and windswept 
alpine slopes, and on arboreal lichens in upper elevation Engelmann Spruce Subalpine fir 
(ESSF) forests.    

Another habitat used during the winter is alpine slopes with low snow accumulations.  Northern 
caribou have been found to move to the alpine when snow conditions below tree line restrict 
their ability to move around or to forage (Terry and Wood, 1998; Hatler, 1986).  Wood (1996) 
found that by early winter (Nov. to Jan.) over half caribou locations were in forests, including 
stands at lower elevations, while in late winter with deep snow they were all in high elevations.  
In late winter with less snow only about half were at the higher elevations, the rest in lower 
elevation forests.  
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In winter, large contiguous patches of unfragmented habitat may provide security cover since the 
preferred stands for pine-lichen tend not to have understorey characteristics useful for security 
cover (small trees, shrubs, etc.).  Habitats that offer good visibility for avoiding predators, such 
as the alpine, also afford some security during the winter. 

Winter Diet 

During the winter, when snow is deep, winter foliose lichens become a major food item, 
although weather-dried grasses, sedges, willow and birch tips are taken where available (B.C. 
MOE 1992).  Bergerud (1978) reported northern caribou depend on ground lichens for winter 
foraging rather than on arboreal lichens, which constitute only a very minor component of the 
winter diet. Cichowski (1989) found that in pine forests, northern caribou feed predominantly by 
cratering for terrestrial lichens, and cratering sites were selected on the basis of terrestrial lichen 
abundance.  Arboreal lichens were also used but appear to be less important than terrestrial 
lichens in the diet. Cichowski (1989) reports that arboreal lichen use is greater during late winter 
when snow conditions are less favorable for cratering. 

Ground lichens made up over 70% of the winter diet of northern caribou in the Yukon and 
northern B.C. with Cladina spp. and Cladonia spp. predominating in the diet (Farnell and 
McDonald, 1990; Farnell and McDonald, 1989; Farnell et al., 1991; Stevenson and Hatler, 
1985).  Horsetails, grasses, and sedges (primarily Carex spp.) can also be components of the 
winter diet (Farnell and McDonald, 1990; Thomas et al., 1996).  Forbs, where available, are also 
taken, and in windswept alpine areas in Alberta, Dryas was the most consistent food item taken 
(Thomas et al., 1996).  The study by Thomas et al. (1996) in the foothills and Rocky Mountains 
of west-central Alberta found terrestrial lichens averaged 60-83% of fecal fragment densities.  
However, decreasing proportions of lichens and increasing proportions of conifer needles and 
moss occurred in the mountains.  They report this indicates decreasing accessibility of forage 
because of deeper/harder snow.  

While caribou are considered lichen specialist feeders, Thomas et al. (1996) report they can 
survive on graminoids, forbs, and low shrubs in certain environments.  However, the authors 
consider such populations are generally insular, non-migratory, and not subject to much 
predation, or severe insect harassment. 

1.3.4 Environmental Conditions 
Inclement weather has been considered a limiting factor to caribou populations in the past. 
Caribou population fluctuations have also been attributed to natural cycles in the weather. 
Bergerud (1996) suggests human influences via the predator-prey systems, rather than weather 
cycles, however, better explain large scale population changes. Nevertheless, successive years of 
good (or inclement) weather, combined with predator control programs, do appear to have a 
substantial influence on population recovery/declines (e.g., Boertje et al., 1996).  This would 
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concur with the suggestion of Rock (1992) that predators interact in an additive or compensatory 
way with other regulatory factors such as hunting mortality, climatic extremes, and food 
limitations in their degree of influence on caribou populations.  

Snow depth is considered to be a particularly important variable. Most studies report that when 
snow depths are low, caribou tend to remain at low elevations, while deep snow may force them 
onto high elevation, windswept slopes. Snow depths exceeding 50 cm to 60 cm are reported to 
be limiting to single caribou cratering for lichens, and snow depths of 80 cm to 90 cm are 
considered limiting to cratering by groups of caribou (Russell and Martell, 1984).  Beyond these 
snow depths or when hard-packed crusts develop, caribou are unable to locate and dig down to 
lichens (Russell and Martell, 1984).  When snow depths become limiting, northern caribou will 
move from early winter ranges to late winter ranges.  In winters of low snowfall, however, 
northern caribou will often remain in their early winter ranges (primarily lowland, coniferous 
forests) for the entire winter (Hatler, 1986). 

Deep snow may reduce nutrition of caribou, in turn lowering conception rates and increasing 
adult and calf mortality in both winter and summer (Bergerud 1996). Boertje et al. (1996) cite 
studies that suggest adverse weather can cause decreased production and increased vulnerability 
to predation over a wide range of densities. Thomas et al. (1996), however, report that apparent 
caribou diets on winter ranges in the Rocky Mountain foothills of Alberta varied little over 4 
winters despite pronounced differences in snow depths. This would appear to imply that snow 
depths did not substantively affect winter food availability in that area.  
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2 Methods 

Detailed characterization of the herd, including population size, sex ratio, recruitment, mortality, 
home ranges and seasonal movements were the priority objectives of the study.  To accomplish 
these objectives, adult female caribou from the Muskwa herd were captured and collared with 
very high frequency (VHF) radio transmitters for re-locating and tracking their movements.  
Regular data collection began after initial collaring was completed in October of 2000.   

2.1 Capture and Collaring 

2.1.1 Animal Care  
Prior to capturing any caribou, general methods and standards were discussed with the Ministry 
of Water, Land and Air Protection (MWLAP), Helen Schwantje (provincial wildlife vet) and Ian 
Hatter (ungulate specialist) in Victoria.  As outlined in approved permits from BC Parks and 
MWLAP, Fort Nelson, all animals were processed as quickly as possible (typically <20 
minutes).  No animals were held in captivity, and no immobilization drugs were used.  Adult, 
female caribou were caught individually using a hand-held net gun fired from a Jet Ranger 
model helicopter over appropriate habitat (open, flat ground with minimal shrubs and ample 
snow).  The animals were restrained to prevent injuries and blindfolded to minimize stress.  All 
crew members involved in the capture and handling of the caribou were fully qualified to 
complete the assigned tasks.  

2.1.2 Data Collection and Biological Samples 
Data collected for each captured animal typically included:  observation date, species code, 
session label, observation #, surveyors, general location, UTM (using a hand held Geographical 
Positioning System (GPS)), estimated age class, reproductive condition (lactating, post lactating 
or estrus), evidence of nursing, # of young, age of young, serial #, radio frequency, tooth wear 
(minimal, moderate or heavy), pelage colour and condition, scarring and body condition (rump, 
shoulders, and withers).  In addition, biological samples (hair, blood and fecal specimens) were 
collected, as requested by MWLAP for use in Provincial studies.  When possible, body 
measurements were taken as per Shackleton (1999). 

2.1.3 Radio Frequencies and Collars 
The approved VHF frequencies were researched prior to ordering the collars. We received 
approval for use of 148.00 to 149.99 mhz.  In theory there should be no overlaps with other 
animals in the study area or adjacent areas. 

A Victoria based company, Human Animal Biotelemetry Instrumentation Technology 
(H.A.B.I.T.), produced the VHF and Argos collars for this study.  A total of 46 low profile 
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rubber-belted VHF collars were purchased.  Specifications included: collars adjustable in 1” 
increments to fit neck circumference between 16 to 32”; 60 Pulse per minute; signal strength of 
25-30 milli Watts; duty cycle to save battery life (off from 10PM-4AM, 6 hours shut down); 
estimated three year battery life.  Collars were programmed to emit a mortality signal following 
no movement for 6 hours.  A mortality signal was twice as fast as the regular (alive) beep and 
therefore distinct (120 pulses per minute).  Three of the VHF collars had additional Argos 
satellite capability for daily tracking.  Argos collar components were expected to function for 
three years. 

2.2 Re-location Surveys 

2.2.1 Fixed-wing Surveys 
Telemetry re-location surveys by aerial fixed wing (185 model) were attempted on a monthly 
basis from October 2000 to June 2004 when weather and funding permitted. LoTech Receivers 
(STR 1000 and SRX400 - frequency range 142-152) were used to relocate the animals.  Re-
location data was collected with a GPS unit in latitude and longitude (hddd’mm’ss), NAD83 
format during aerial fixed wing flights. This data was collected to provide information on year 
round and seasonal home ranges.   

2.2.2 Helicopter Surveys 
Helicopter surveys were conducted in late winter, spring (June) and in the fall, primarily to 
collect detailed population census data. Two observers and a helicopter pilot conducted each 
census survey.  A standardized flight route was followed for all census surveys starting in Nonda 
Creek at the northwestern section of the study area.  The VHF telemetry receiver was kept on at 
all times to collect re-location data.  When a collared animal was detected, we attempted to get a 
visual on the animal.  Information on other caribou in the immediate vicinity was also recorded.  
All caribou observations, collared and non-collared, were given a fixed geographic location.  A 
standardized survey form was used for each census survey, adapted from the Resource Inventory 
Standards Committee (RISC, 2002).  

As per provincial standards, the following information was collected during aerial census 
surveys: Observation #, Tag ID if applicable, time, group total, age, sex, and location (UTM or 
lat/long depending on the equipment available). Additional information collected whenever 
possible included: visual confirmation of collared animals (yes/no), general location, habitat 
description, and in some cases behavioural notes (i.e., feeding, bedding, traveling, birthing, etc.).  
All field data was entered in Excel spreadsheets.  GPS locations were translated from Excel to 
dbf format for use in ArcView 3.2.   

2.2.3 Argos Satellite Tracking 
Location information from the three Argos collars was received daily as latitude and longitude 
coordinates from Argos data collection system via e-mail. The information was entered into an 
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Excel spreadsheet and converted to UTM format for plotting locations on maps.  Additional 
information collected included animal ID and VHF frequency, receiving satellite, location class, 
and the number of times the satellite received information during its pass.  In order to track 
Argos collared caribou movements only the highest quality location classes (3 = 0-150m, 2 = 
150-350m, and 1 = 350-1,000m) were incorporated in the project databases.  All other classes 
were too low in accuracy to consider.   

2.3 Population Estimates and Demographics  

In order to investigate population demographics for the Muskwa herd, seasonal population 
census surveys were conducted by helicopter three times a year: during the spring calving in 
June, the fall rut in October, and in late winter (typically February or March). Surveys conducted 
in early June were intended to provide data on the productivity of the population (i.e., the 
number of calves produced). We attempted to locate each collared cow to determine if it was 
with a calf, and to monitor subsequent survival of the cow and calf in subsequent surveys. Data 
on group composition and habitat use was also collected. 

A population composition survey, or “rut count” was conducted in October, which provided 
information on the proportion of bulls and cows in the population.  In 2000 and 2001, that 
season’s calves were not distinguished from the previous season’s juveniles (yearlings).  The 
focus of the fall rut was to determine bull to cow ratios.  It was determined in subsequent years, 
however, that it was important to determine the proportion of calves that survived each year.  
Thus, the juveniles in 2002 and 2003 were the previous year’s calves (~16 months old) and were 
identified separately from the 5 month old calves.  

In late winter a survey was conducted to provide information on the population size and habitats 
used during that season. It also provided critical information on over-winter survival and 
recruitment of the calves, and information needed to assess population trends.   

2.4 Mortality Investigations 

Re-location data was attempted at least once a month and bi-weekly when funding and weather 
permitted, to monitor movements of the collared caribou and their status (alive or dead).  When 
a mortality signal was detected with the telemetry receiver the site was visited as soon as 
possible in order to determine the cause of death.  At each mortality investigation a detailed form 
was completed containing information on cause of death, date of death, ID, snow depth, 
photographs, and comments on the circumstances and surroundings.  A tooth from the animals 
was collected where possible and sent to the provincial veterinarian (Helen Schwantje, MELP, 
Victoria) for aging.  VHF collars were recovered to re-furbish for future use.   
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2.5 Home Ranges 

Three types of location data were collected during this project for assessment of seasonal use 
and home range analyses: 1) VHF telemetry signals from collared caribou collected by fixed 
wing flights; 2) Argos satellite signals from three VHF/Argos collars; and 3) Visual locations 
collected for marked and unmarked animals during census surveys by helicopter in June 
(calving), October (rut), and February-March (late winter).   

Multi-annual and annual home ranges were calculated using all VHF locations of all collared 
caribou.  In order to examine patterns in seasonal home ranges for all collared animals between 
years, we aimed for a sample size of ≥25 data points per season per year.   

For analysis of the data, each location point was classified according to one of six seasonal 
categories: 

• Fall Rut (September 16th to October 31st) 
• Early Winter (November 1st to December 31st) 
• Late Winter (January 1st to March 31st) 
• Spring (April 1st to June 16th) 

 Calving (May 25th to June 16th) (sub-category of spring) 
• Summer (June 17th to September 15th) 

In addition, individual home range were calculated for each collared caribou with ≥25 VHF 
locations.   We also applied the same sample size criteria (≥25 fixes) to seasonal home range 
analyses for each of the three caribou tracked with Argos collars.  Seasonal home ranges could 
not be estimated at the smallest sampling unit (individual animals) due to their being a low 
number of observation points per season, per animal. 

2.5.1 Hierarchy of Home Range Analyses 
Prior to completing a detailed analysis of home ranges, in depth research was undertaken to 
determine the most applicable analysis techniques. A hierarchy of required outcomes was 
determined, in order to identify the specific goals and objectives of the Home Range (HR) 
analysis: 

1) home range for all collared animals, including all data points for all years; 

2) core use areas within the home range; 

3) seasonal home ranges (all years combined for all collared animals); 

4) core use areas within each seasonal home range;  

5) annual, seasonal home ranges for all collared animals;  

6) core use areas within each annual, seasonal home range; 
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7) individual home ranges for the 15 animals with ≥25 fixes; and 

8) core use areas for the 15 animals with ≥25 re-location points within each individual 
home range.             

Several methods of Home Range analysis were identified as being potentially relevant with 
regard to completing the hierarchy of required outcomes listed above. Minimum Convex 
Polygons (MCP) and Adaptive Kernels (AK) were determined to offer the most applicable 
statistical analyses of the telemetry data set for this project.  Home ranges (annual, seasonal and 
individual) were estimated as 100% MCP, 95% AK and 50% AK where appropriate.  The two 
forms of analyses were conducted in order to compare our results with similar caribou studies.  
Home ranges were calculated using the Home Range Extension Tool (HRE) (Rodgers and Carr, 
1998) in ArcView 3.2 (ESRI, 2000).   

The following sections summarize the advantages and disadvantages of MCP and AK methods, 
with particular reference to completing the identified hierarchy of home range analyses. 

2.5.2 Minimum Convex Polygon 
The Minimum Convex Polygon (MCP) method calculates the home range of an animal by 
connecting all the outermost location points (fixes), creating a boundary within which the animal 
was observed (100 % MCP). While this method is relatively easy to use, it has some inherent 
weaknesses. For example, because the calculation of the MCP involves the outermost 
observations, the innermost distribution and utilization patterns of an animal are ignored 
(Samuel and Fuller, 1996).  

In addition, home range estimates can be too large because extensive unused areas are included 
within the area bounded by outermost locations. Conversely, a home range estimate may be too 
small if animals tend to use areas beyond the furthest observation points (Samuel and Fuller 
1996). Despite the inability of the MCP technique to pinpoint internal distribution trends, the 
method was deemed appropriate to depict total home ranges, including all outlying fixes. The 
inclusion of outliers was determined to be necessary, due to their potential biological 
significance. For example, caribou are known to make long distance movements between 
seasons or for calving in remote locations. If outlying points were ignored during the HR 
analysis, these important movements may not have been included. Therefore, the 100 % MCP 
method was used simply to indicate the total area within which the collared animals were found. 
The 100% MCP was also calculated in order to allow comparison with similar studies. 

2.5.3 Adaptive Kernels 
In addition to the MCP method, we applied a series of 95% and 50% Adaptive Kernel (AK) 
analyses to examine the innermost distribution patterns and core use areas.  The AK method is 
statistically more complex than the MCP analysis and creates a set of contours that describe 
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where an animal spends a certain amount of time. The kernel analysis can either be fixed or 
adaptive and includes a smoothing factor (“h”). An adaptive kernel analysis was chosen over the 
fixed method, as it allowed for the h value to vary depending on the underlying density of 
observation points.  The appropriate choice of a smoothing parameter within the HRE was a 
critical step in using the AK technique, as it determined the spread of the kernel centered over 
each observation point (Worton, 1989).  

Volume contours 95% and 50% were chosen for the AK technique, to indicate the areas within 
which the caribou spent a certain amount of their time. For example, 95% AKs were used to 
indicate home range areas excluding the most obvious outlying points. To indicate core use areas 
within each home range, 50% AKs were used.  The h values employed for each individual 
animal with ≥25 fixes were consistent for both the 95% and 50% AKs for the particular animal.   

The underlying distribution of fixes generally determines the approximate h value to be 
employed. For example, an h value that is relatively large may accurately depict a data set that is 
unimodal (single peaked/concentrated), but it will obviously undersmooth the utilization 
distribution of an entire theme if the distribution is scattered. As a result, the home range will be 
unacceptably large, and core areas of activity will not be highlighted. In contrast, an h value that 
is relatively small will be applicable to a scattered distribution, often delineating multiple core 
use areas (Worton, 1989).  Due to the seasonal movements of caribou in the area and the 
scattered nature of radio-locations, an h value of 0.25-0.35 was deemed appropriate.  The range 
allowed for variation in sample size and distribution of re-location points for each level of the 
analysis.  In general, the smaller h values were used where the distribution of fixes was 
scattered, and larger h values were employed where the distribution was concentrated.  

2.6 Habitat Mapping  

One of the key challenges for this project was to develop an appropriate habitat map for the 
study area.  With a limited budget and a need for a seamless map base to support future 
interpretations and analyses, we decided to run a form of broad ecosystem mapping, using 
previous plot data from the caribou study, and prior mapping projects in and around the area.  
Our approach involved using all existing ecosystem mapping projects for the area and grouping 
the units into broader caribou habitat units (CHUs).  We then applied BEC, TRIM, LANDSAT 
7, and other data sources to map the missing area (over 280,000 hectares).  Thus the mapping 
now depicts the caribou habitat units for the whole area (i.e., for over 890,000 hectares) giving 
consistent coverage.  Caribou habitat units are described in Appendix A. 

2.6.1 Existing Ecosystem Mapping 
The basic unit of most ecosystem mapping under 1:50,000 (including TEM and PEM) is the 
biogeoclimatic site series, stratified by biogeoclimatic subzones and variants. The 
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3.3.4 Late Winter 
Total counts obtained in the late winter ranged from a low of 210 caribou in 2002 to a high of 
457 in 2001.  The average number of caribou observed over three years of late winter census 
surveys was 288 (Table 9).  The lowest total counts of caribou were obtained every year during 
the late winter census.  This may be in part due to increased use of lower elevation forested 
habitat where sightability is decreased, therefore fewer caribou are detected.  A late winter 
population survey was not conducted in 2004 due to lack of funding.  Figure 10 illustrates the 
variation in sex and age demographics during the late winter.  As observed during fall counts, 
the highest number of females observed was in 2001 (Table 8 and Figure 10).   
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Figure 10:  Demographics of caribou observed during the late winter census 
surveys of the Muskwa caribou herd (2001-2003). 

 

Late winter census re-location indices ranged from 1.08 in February of 2002 (indicating that 
82% of the collared animals were relocated) to 1.48 in March of 2003.  Based on the calculated 
sightability indices, population estimates ranged from 227 in February 2002 to 507 in March of 
2001 (Table 9).   

The majority of caribou observed in the late winter were classified as either adult males or 
females, with the highest counts for adult females in March of 2001 (Figure 10).  Bull: cow 
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In early June, 2002 we retrieved collars from animals #4, #28 and #36. One cow (#4) died 
during calving; possibly a breech birth. She had been observed alive on June 10th high on a 
mountain slope, on a tiny shelf on an otherwise relatively steep talus/rock face. She was giving 
birth at that time but appeared to be having difficulty in the delivery. She was found dead the 
next day in the same spot with a dead calf. She had been a healthy young female when collared 
in the fall of 2000. 

Animal #28 died south of Wokkpash Lake, and had been fed on by both wolves and bear. 
Animal #36 died in the Tetsa River area, and was subsequently washed down the river for over a 
kilometer. Cause of death was undetermined. Animal #17 was killed by a vehicle on the Alaska 
Highway.  Two additional mortalities detected in July (#20) and August (31) 2002 could not be 
located as the signal had stopped transmitting between detection of mortality signals from a 
fixed wing and subsequent helicopter based investigation.   

In October of 2002 another animal (#34) appeared to have been predated by wolves. Animal #37 
died in the upper Wokkpash area, and was discovered on June 16th 2004. The carcass had 
probably been there for over one month, as there was very little in the way of remains. It is 
probable that this animal was killed by wolves, indicated by the presence of wolf scat, which 
also appeared to be at least one month old. 

In summary, four of 24 functioning collars (17%) were located by mortality signal during the 
first year (Oct 00 to Sep 01); an additional six of 27 (22%) were confirmed dead in the second 
year (Oct 01 to Sep 02); 1 of 15 (7%) collared animals was confirmed dead in the third year (Oct 
02 to Sep 03); and 1 of 17 (6%) died in the last period of surveys (Oct 03 to June 04).  In 
addition to the functioning collars, thirteen collared animals were “Missing In Action” (i.e., not 
relocated for 6 consecutive months).  Some of these missing animals are likely dead.  Figure 12 
depicts the locations of collared caribou mortalities in relation to their original collaring 
locations. 

3.4.1 Other Caribou Mortalities 
An additional five mortalities of caribou without collars were investigated during the study, 
including two road kills adjacent to the Alaska Highway, near Stone Mountain Provincial Park.  
On another occasion, an adult bull caribou was located along the edge of a frozen lake during the 
fall rut census. Judging from the well-worn teeth, and what was left of the body, the animal was 
likely an old bull in poor condition that died of natural causes.  There was no evidence of wolf or 
coyote scavenging around the carcass, as it was relatively intact.  During vegetation work for the 
subalpine and alpine ecosystem classification by Madrone (Barton, 2001), an intact adult 
skeleton was located in the Alpine Tundra.  Cause of death was undetermined.  As well, during 
ground surveys for caribou in January 2001 one mortality was observed adjacent to a well-used, 
wet mineral lick.  Cause of death was also undetermined. 




