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Summary

1. During winter, mountain caribou Rangifer tarandus caribou live in late succes-

sional and old-growth coniferous forests, where they feed almost exclusively on

arboreal lichens. Because some of these forests are also valuable to the forest indus-

try, caribou ecology and forest management remains a central conservation issue in

British Columbia. To improve our understanding of caribou habitat use in relation

to forest management, we investigated the winter habitat selection patterns of

mountain caribou at a range of spatial scales between 1988 and 1993 in the north-

ern Cariboo Mountains, British Columbia.

2. Within winter ranges, caribou selected forest stands dominated by subalpine ®r

(>80% Abies lasiocarpa) and with moderate slopes (16±30%) during early winter

(November±December). Although stands with moderately high timber volumes

(201±300m3 haÿ1) were used the most during early winter, caribou used these

stands in proportion to their availability. Caribou primarily used open-canopy sub-

alpine ®r stands (i.e. parkland) later in the winter (January±March), where low

stocking and inoperable timber volumes (<100m3 haÿ1) reduced direct con¯icts

with forest harvesting.

3. Characteristics of subalpine forests at early winter caribou foraging areas did

not di�er signi®cantly from random sites for most variables measured. However, a

multivariate analysis indicated that sites used by caribou had slightly less total

basal area, more moderate slopes and slightly heavier lichen loads than unused

sites.

4. Within early winter foraging areas, caribou chose foraging paths with more

trees and greater accessible lichen biomass per standing tree compared with ran-

dom paths. Although windthrown trees and lichen litterfall were encountered infre-

quently, caribou rarely rejected these sources of lichen when encountered.

5. The relatively low basal area (27m2 haÿ1) and minor component of economic-

ally valuable Engelmann spruce Picea engelmannii (<20%) at early winter caribou

foraging areas suggests less con¯icts with forestry compared with other caribou

populations in southern British Columbia and Idaho.

6. Selection silvicultural systems may provide solutions to caribou±forestry con-

¯icts, particularly in mid-elevation subalpine ®r stands (1325±1525m) that may

have both operable timber volumes and high caribou numbers.
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Introduction

Woodland caribou Rangifer tarandus caribou (Gme-

lin) that live in deep snowpack ecosystems of British

Columbia, Canada, are typically referred to as

`mountain caribou' (Stevenson & Hatler 1985; Seip

& Cichowski 1996). There are approximately 2366

of these caribou and all are found in British Colum-

bia or Idaho, USA (Simpson, Kelsall & Leung

1994). In Idaho, the estimated 45 mountain caribou

(Wakkinen et al. 1996) are currently listed as endan-

gered in the US. In British Columbia, mountain car-

ibou are listed as vulnerable. The Yellowhead

caribou herd that lives in the northern Cariboo

Mountains accounts for approximately 40%

(c.1000) of the entire mountain caribou population

(Simpson, Kelsall & Leung 1994).

During winter, mountain caribou live in old-

growth forests, where they feed almost exclusively

on arboreal lichens (Bryoria spp., Alectoria sarmen-

tosa) (Stevenson & Hatler 1985; Antifeau 1987;

Rominger, Robbins & Evans 1996). Some forests

that caribou use during winter are valuable to the

forest industry and therefore integrating caribou

and forestry has been a major conservation issue for

many years (Stevenson & Hatler 1985; MacKinnon

1996). Speci®cally, silvicultural systems such as

clear-cutting con¯ict with maintaining mountain

caribou habitat, primarily because of the long rota-

tion periods (at least 150 years) required to re-estab-

lish su�cient arboreal lichen biomass (Armleder &

Stevenson 1996). Because economic and social costs

of conserving old-growth forests can be high, it is

critical to know the types of forests and old-growth

attributes caribou prefer during winter to ensure for-

ests with these characteristics receive adequate con-

sideration during land management planning.

Because large herbivores interact with their envir-

onment at a variety of spatial and temporal scales

(Jarman 1974; Belovsky 1978; Owen-Smith &

Novellie 1982; Senft et al. 1987; Sñther & Anderson

1990; Stuth 1991), recent investigations have stressed

the importance of recognizing habitat selection as a

scale-dependent process and have recommended

that ®eld studies incorporate more than one spatial

scale (Morris 1987; Senft et al. 1987; Bell 1991;

Danell, Edenius & Lundberg 1991; Orians & Wit-

tenberger 1991; Turner et al. 1993). Studies con-

ducted at several scales improve the resolution of

factors that determine ecological patterns and their

interrelationships among scales (Wiens 1989).

To gain a better understanding of how mountain

caribou exploit their winter environment, we exam-

ined winter habitat selection by mountain caribou at

several spatial scales. The ®rst scale involved selec-

tion of broad forest types within early and late win-

ter home ranges. Within these selected forest types,

we measured the selection of early winter foraging

areas. Within the foraging areas, we determined fac-

tors in¯uencing the foraging paths taken by the cari-

bou. Finally, we estimated variables in¯uencing the

selection of individual trees from which caribou fed

along foraging paths. We did not speci®cally address

the selection of food because caribou consume an

almost monophagous diet of arboreal lichen during

winter and lichen genera selection has been deter-

mined in cafeteria trials using captive animals

(Rominger, Robbins & Evans 1996).

Study area

The study area was located east of Prince George,

British Columbia (centre 53�N, 121�W), and covered

15 000 km2 of the Fraser River watershed. This

extensive study area included the plateaux of the

northern Cariboo Mountains as well as portions of

the McGregor Plateau and Rocky Mountains (Fig.

1). This area is primarily mountainous, with eleva-

tions rising from 650m in the valleys to rugged

peaks at 2200m. The valley bottoms and lower

slopes (650±1220m) of the study area occur in the

sub-boreal spruce (SBS) and interior cedar±hemlock

(ICH) biogeoclimatic zones (CoupeÂ , Stewart &

Wikeem 1991). These forests are dominated by

interior spruce Picea engelmannii Parry ex Engelm.

x glauca (Moench) Voss, western red cedar Thuja

plicata Donn ex D. Donn and western hemlock

Tsuga heterophylla (Raf.) Sarg. Mid- and upper ele-

vations (1220±1677m) occur in the Engelmann

spruce±subalpine ®r (ESSF) biogeoclimatic zone and

are dominated by subalpine ®r Abies lasiocarpa

(Hook.) Nutt. and Engelmann spruce Picea engel-

mannii Parry ex Engelm. At higher elevations (1677±

1800m) subalpine ®r grows in clumps forming an

open parkland. Alpine tundra (treeless) exists above

1800m (CoupeÂ , Stewart & Wikeem 1991).

Two permanent high elevation snow stations

(1740 and 1650m elevation) were located in the

study area. Combining 19 years of data from these

stations resulted in average 1 March snowpacks of

197 cm (125±323) (BC Snow Survey 1988±93). Dur-

ing our study period (1988±93), these data indicated

an average 1 March snowpack of 228 cm (137±323).

Annual measurements indicated that the 1992/93

winter received below average snowfall (165 cm), but

all remaining winters received normal to above aver-

age snowfalls. Speci®cally, the 1989/90, 1990/91 and

1992/92 winters received above average snowfalls

(323, 283 and 248 cm, respectively) whereas the

1988/89 winter was near average (218 cm).

Mean snowpack depths between November±Janu-

ary were obtained during our early winter snow

trailing investigation. During this period, snow

depths ranged from 68 to 178 cm during the 1991/92

winter to 42±119 cm during the 1992/93 winter.

The dominant land-use activity was timber har-

vesting. Clear-cut blocks of 70±1300 ha were com-

mon and were distributed predominately in valley
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bottoms. Higher elevation (1200±1650m) cut blocks

were present but dispersed.

Within the larger study area, we selected a 250-

km2 wintering area (Sugarbowl-Raven Lake) used

by an estimated 146 (1 SD� 21) caribou to conduct

a more intensive investigation of habitat selection

patterns including early winter foraging strategies.

This intensive study area (Fig. 1) was typical of

other portions of the larger study area.

Methods

Our objective was to investigate habitat-use patterns

by measuring relative use and availability at each

scale of resource selection using samples of data

gathered via radio-collared caribou. Although sam-

ples of used and available resource units were deter-

mined for individual animals, the telemetry data

were pooled over individuals and years to increase

cell frequencies. Habitat variables at caribou fora-

ging areas (snow trailing data) did not di�er

between years (w2<2�8, 1 d.f., P>0�05), so data

were also pooled.

RADIO-TELEMETRY

Thirty adult caribou (24 females, six males) were

captured by net-gun from a helicopter in March

1988 and ®tted with radio-collars in the extensive

study area. An additional ®ve female and one male

caribou were collared between 1989 and 1990 to

replace those that died. Caribou were located

approximately once a month during the winters of

1988/89, 1989/90 and 1990/91 using a ®xed wing air-

Fig. 1. Location of extensive and intensive (snow trailing) study areas, northern Cariboo Mountains, British Columbia.
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