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INTRODUCTION 

In north-central British Columbia (BC), some woodland caribou (Rangifer tarandus 
caribou) use either forested or open-alpine habitat types during winter but most switch 
between the two types depending on snow conditions (Johnson et al. 2004).  The 
behavior is based on tactics for finding accessible forage while avoiding predators.  
Whenever snow is shallow (e.g., < 75 cm), we have observed most caribou foraging at 
lower elevations using winter range dominated by an overstory of lodgepole pine (Pinus 
contorta) and an understory dominated by terrestrial forage lichens (primarily Cladina or 
Cladonia spp.).   Lichens in these forests are more abundant than they are on alpine 
ridges (Johnson et al. 2004).  However, risk of incidental predation is comparatively 
higher at low elevations (McNay 2009) where wolves (Canis lupus) pursue their primary 
prey, moose (Alces alces).  Once snow accumulates to more than a meter, caribou 
move to alpine ridges where snow is usually reduced by persistent winds thereby 
reducing the energetic cost of digging for lichens (Johnson 2000).  Considerable regional 
variation in this behavior is likely to depend on the relative adjacency between high- and 
low-elevation winter ranges and on the relative amount and spatial distribution of 
predation risk.  By comparison, local variation in the behavior is a reflection of varying 
snowpack conditions caused by a lack of uniformity in forests and annual variation in the 
magnitude and frequency of snowfalls (McNay et al. 1988).  We propose that the 
eminent loss of the overstory canopy from attack by the mountain pine beetle (MPB; 
Dendroctonus ponderosae) will influence snowpack development on some sites relative 
to pre-MPB conditions (Sulyma and Coxson 2001).  If this is true, we might expect 
reduced opportunities for caribou to dig for terrestrial forage lichens thereby reducing 
habitat use of low-elevation winter range (conversely a higher dependency on high-
elevation ranges).  Our objectives were to assess the magnitude of snow interception by 
healthy, pre-MPB attack, pine forests that we knew were actively used by foraging 
caribou.  The purpose in doing so was to understand how snow interception varied 
within winter ranges and to postulate the potential implications that extensive loss of the 
forest canopy would pose on patterns of habitat use by caribou.     

STUDY AREA 

Our study extended from the town of Mackenzie (N55o 18’ 16’’, W123o 07’ 56’’) in north-
central BC throughout the Omineca Mountains on the west side of Williston Reservoir 
north to the Ingenika River.  It also included an area north of the Williston Reservoir and 
east of Fort Ware (N57o30’00’’, W125o24’00’’) through the Rocky Mountains to Red Fern 
Lake.  Study areas were partially based on the ranges of three woodland caribou herds 
described by Heard and Vagt (1998): the Wolverine herd, named after the Wolverine 
Mountain Range; the Chase herd named after Chase Mountain; and the Finlay herd 
which was named after the primary river drainage in the Rocky Mountain trench.  The 
Wolverine area was 8,443 km2 in rolling, high-elevation foothills; the Chase area was 
17,330 km2 and situated in relatively more steep, mountainous terrain, and the Finlay 
area was 2,483 km2 with a range of terrain from steep mountainous areas to the broad 
U-shaped Finlay River valley.  Valley bottoms and mid-slopes of the areas were 
dominated by relatively cool and dry, or cool and moist, macroclimates of short growing 
seasons leading to boreal ecosystems of white and black spruce (Picea glauca 
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(Moench) Voss) and P. mariana (P.Mill) B.S.P) (Meidinger and Pojar 1991).  Large-scale 
and frequent wildfires were characteristic prior to fire control policy (DeLong 2002).  
Common in these ecosystems were large, relatively flat areas of well-drained fluvial 
deposits, which in combination with frequent fires gave rise to large areas of forest 
dominated by even-aged lodgepole pine.  Generally, a cold moist macroclimate with 
long, cold winters characterized upper slopes where Engelmann spruce (P. engelmannii 
Parry ex Engelm.) and subalpine fir (A. lasiocarpa (Hook.) Nutt.) dominated.  At the 
northern extent of the Chase and Finlay areas, deciduous shrubs can dominate the 
upper slopes.  Alpine tundra prevailed above tree line (~1,600 m) throughout all study 
areas. 

METHODS 

We measured snow accumulation within 20-m square plots established in winter ranges 
used by radio-collared woodland caribou.  Plot establishment and sampling were 
conducted during 3 winters (1999-2000 to 2001-2002) at a time when tree layers were 
dominated by relatively healthy lodgepole pine (i.e., previous to having been attacked by 
the MPB).  Sites were identified for sampling if they had been recently used for foraging 
(i.e., within 2 days of caribou being relocated using aerial telemetry) and were re-
sampled 2-4 times in total over the subsequent 2 month period.  Foraging was confirmed 
by inspecting the vicinity of the recorded relocation for tracks and/or signs of foraging 
activity.  Plots were established provided we found this sign relatively close (i.e, < 100 
m) to the relocation co-ordinates.  Nine, paired samples of snow depths (cm) and forest 
canopy closure (%), were recorded during the initial plot establishment and during each 
revisit to the plot.  Samples were taken at plot center, at the intersection of plot 
boundaries in cardinal directions, and at plot corners.  Total snow depths were 
measured with a 1.5 m linear aluminum rod marked in cm intervals.  Canopy closure 
was recorded by the moosehorn technique (Bonner 1967) using the percentage of 25 
dots obscured by the forest canopy when viewed vertically from an upward viewing 
angle of about 10○. 
 
Elevation and Universal Transverse Mercator position for each plot were recorded using 
a hand-held Global Positioning System.  Elevation estimates were subsequently 
classified as valley bottom (< 700 m asl), lower slope (700-900 m asl), middle slope 
(900-1,100 m asl), upper slope (1,100-1,300 m asl), subalpine (1,300-1,500 m asl) and 
alpine (>1,500 m asl).  Tree species composition in the plot was recorded as an ocular, 
two-dimensional percent cover.   
 
We restricted analysis to those plots dominated by lodgepole pine (i.e., the largest 
percent cover).  Association between the paired measures of snow accumulation and 
canopy closure was tested for reliability using standard linear regression techniques 
conducted in SAS (Statistical Analysis Systems, Cary, North Carolina).  We attempted to 
account for potentially confounding influences of elevation, sampling period, and 
magnitude of snowfall events (Bunnell et al. 1985) by assessing snow interception on 
only those plots for which we had contemporary estimates of unrestricted snow 
accumulation.  Unrestricted snow accumulation was estimated using measurements 
observed from plots established in non-forested areas at equivalent elevation classes 
during the same year and month as the forested samples were collected.  Measures of 
association were considered after assessing adherence to parametric statistical 
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assumptions of normality and homoscasticity. 

RESULTS 

In the three winters of sampling, we visited 106 pine-dominated sites that indicated sign 
of recent foraging activity by caribou but we had contemporary measures of unrestricted 
snow accumulation for only 43 of those.  In total, the 43 forested plots were revisited 108 
times to collect 967 observations of snow and canopy characteristics (Appendix 1).  The 
sampling ranged from no visits in August and September to a high of 234 individual 
samples during the months of February; 83% of all forested samples occurred during 
periods from January through May.  Most samples (46%) were collected during the 
second winter (2000-2001).  We visited 223 different open sites, a total of 888 times to 
collect 8,030 individual observations of snow depth; although only 3,251 of those 
observations could be paired across elevations and months with the samples from 
forested conditions.  The location of plots ranged wider in elevation for non-forested 
conditions than for forested conditions; the latter ranging more widely during the second 
two years than during the first year when only two elevation classes (middle and upper 
slopes) were sampled. 
 
Canopy closure on forested plots used by caribou averaged 45% (n = 106, SE = 3%) but 
varied uniformly through a wide range from open to very closed (93%) sites (Figure 1).  
Open and yet forested sites were possible if the forest stand was less than 10 m in 
height.  The plots for which we had paired observations of unrestricted snow were 
similar although the minimum mean canopy closure was 14%.  Snow depths were 
generally higher in the open during the first and last years of sampling and shallower and 
more consistent among years in the forested plots (Figure 2).  Although unrestricted 
snow depths from the comparable open areas ranged to more than 2 m, the most 
common snow depths were from 20 to 60 cm (µ = 56 cm, n = 108, SE = 4 cm). 
 
Snow under pine-dominated UWR was significantly related (P < 0.0001) to snow in 
unrestricted areas (P < 0.0001) and to the canopy closure of the forested stand (P < 
0.0001) explaining 28% of the variance in observed snow depths (Table 1).  Forested 
snow depths were generally 1.4 cm less than unrestricted snow depths for every 10% 
increase in canopy closure and averaged 12 cm less across all paired comparisons (n = 
108, SE = 3 cm). 

DISCUSSION 

Pine-dominated forests used as UWR by woodland caribou prior to the MPB epidemic, 
intercepted snow resulting in forested snow depths less than those in comparable open 
areas.  The magnitude of snow interception (indicated by the slope of the regression) 
was greater than that observed in other forest types (McNay et al. 1988), but this was 
likely due to our small sample sizes, our measures of total snowpack rather than 
individual storms (Bunnell et al. 1985), and relative imprecision in the location and timing  
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Figure 1.  Distribution of mean canopy closure (%) measured on pine-dominated winter ranges used 
by woodland caribou in north-central British Columbia, 1999-2002. Plots totaled 106 (B), 46 (A) of 
which were paired with observations of unrestricted snow accumulation. 

 
Figure 2.  (A) Average monthly snow depth recorded during three winters of sampling within pine-
dominated forests used by woodland caribou (solid lines) and comparable open areas (dashed lines) 
in north-central British Columbia, 1999-2002 and (B) the distribution of unrestricted snow depths 
observed from open areas. 
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Table 1.  Analysis of variance (P < 0.0001, R2 = 0.28, N = 966) of snow depth measured under pine-
dominated ungulate winter range used by woodland caribou in north-central British Columbia. 

Source DF Estimate Standard Error F-Value Probability 

Intercept 1 32.7 1.5  <0.0001 

Canopy closure 1 -0.14 0.02 63.04 <0.0001 

Unrestricted snow depth 1 0.31 0.02 315.00 <0.0001 

 

of sampling unrestricted snow depths.  Nevertheless, snow under pine-dominated 
canopies was sufficiently reduced to expect some benefit to foraging caribou.  UWR use 
by radio-collared caribou varied uniformly across the full range of canopy closure.  We 
speculate that caribou might have been using increasing closed-canopy stands as winter 
progressed and snow accumulations got deeper al though this remains to be tested.  We 
also speculate that MPB-killed pine trees will not provide the same opportunities for 
dynamic foraging behavior in the future.  Boon (2007) found snow accumulation in 
beetle-killed pine stands to be similar to that of clearings.  It’s possible that animals will 
be forced to leave low-elevation winter ranges earlier in the winter season then they 
would have previous to the MPB epidemic. 
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