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ABSTRACT 
 
Avalanche chutes are an important component of spring grizzly bear habitat and as 

such have been afforded protection under regional land-use plans.  The primary means of 
protecting chutes has been to retain adjacent forest buffers to reduce the potential impacts 
of nearby forest management activities.  To help determine the effectiveness of forest 
buffers adjacent to avalanche chutes, we quantified the location and structural 
characteristics of bear beds within these buffers and compared them to matched random 
sites.  Relative to random plots, bear beds were more often located closer an individual tree 
and that tree had on average more than twice the basal area.  Although large tree (> 30 cm 
DBH) densities were similar between the 2 plot types, bed sites had 22% higher total tree 
density and 37.5% fewer snags.  Beds were also associated with sites that had 27% more 
canopy cover, 18.4% fewer shrubs, 18% fewer forbs and 22.1% less moss cover.  Ninety-
five percent of all beds were located within 50 m from the edges of openings, and 20 m of 
forest width included 76% of bear beds.  Multivariate analyses and experimental 
manipulations of buffer widths will be required to further clarify the relationship between 
buffer width and the level of grizzly bear use. 

 

INTRODUCTION 
 
Forest management legislation in British Columbia (BC) includes provisions to 

protect important grizzly bear habitats such as avalanche chutes (KBLUPO 2001).  The 
importance of avalanche chutes to grizzly bears has been consistently demonstrated in 
areas of the Pacific Northwest (Zager et al. 1983; Ramcharita 2000; McLellan and Hovey 
2001), though it is not clear if logging in proximity to chutes will compromise their level of 
use.  Forested buffers have been recommended as a means of ensuring the continued use 
of avalanche chutes (McLellan 1989, KBLUPO 2002).  However, the relationship between 
the size and structure of forested buffers and the level of grizzly bear use has not been 
determined. 

Avalanche chutes are important to grizzly bears because they support a diversity and 
abundance of high-quality bear forage (Ramcharita 2000).  Avalanche chutes sustain this 
level of productivity because they contain moist, nutrient-rich soils resulting from periodic 
inputs of water, soils, and other organic material from higher elevations (Korol 1994).  
Furthermore, periodic disturbances of snow avalanches serve to maintain early-seral 
conditions (Erschbamer 1989), which tend to produce higher forage (Thomas 1979).  Also, 
portions of chutes are snow-free sooner in spring because of steep slopes and open 
canopies.  Both of these factors result in higher solar radiation, which increases productivity 
and accelerates snowmelt.  These characteristics result in an earlier growing season relative 
to other habitats, thereby facilitating access to vegetation at a time when grizzly bears are 
recovering from hibernation.  Many of these effects are intensified on south-facing chutes, 
which correspondingly receive the highest use by grizzly bears in spring (Ramcharita 2000). 
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The factors that create structural diversity within avalanche chutes make them ideal for 
opportunistic omnivores such as grizzly bears (Stirling and Desrocher 1990), which are 
adapted to ephemeral food sources.  Within a small area of a chute, plants at different 
phenologies can occur because of different levels of snow accumulation, elevation, and 
terrain features that influence moisture, microclimates, and snowmelt.  Steep areas are 
snow free first, whereas flatter areas take longer to melt because of lower solar incidence 
and higher snow deposition.  Taken together, this means that it is possible to have a 
continuous supply of emerging vegetation in a relatively small area. 

Research has already revealed that not all avalanche chutes are of equal importance 
to grizzly bears.  Chutes with abundant forbs and grasses are more important than those 
dominated by trees or tall shrubs (Ramcharita 2000).  This research has helped to properly 
allocate limited conservation resources because it has led to a system for ranking avalanche 
chutes: high quality chutes require buffers whereas narrow shrub-dominated chutes do not.  
A blanket prescription, across all avalanche chutes, would have imposed unnecessary 
constraints with little ecological benefit.   

Although we have accumulated information on chute quality, guidelines for determining 
buffer width adjacent to chutes were based on limited information, little of which directly 
addressed the actual effectiveness of buffers.  As an exception, Ramcharita (2000) tested if 
the presence of cutblocks adjacent to avalanche chutes reduced grizzly bear use.  His 
univariate results suggested a possible negative effect of cutblocks, but this was not 
revealed in multivariate analyses.  He reiterated that there is currently minimal information 
that directly evaluates the effectiveness of current buffer width guidelines (Ramcharita 
2000). 

Clearly, uncertainty remains regarding the efficacy of current guidelines.  This 
uncertainty may lead to unintended ecological outcomes and unnecessary constraints to the 
forest industry.  For example, if 50 m buffers on both sides of chutes do not maintain grizzly 
bear use, then millions of dollars could potentially be constrained without meeting intended 
objectives.  If research were to reveal that a 75 m buffer on one side of a chute was more 
effective than the previous scenario, a more efficient balance of timber and non-timber 
resources would be achieved.  In any case, it is clear that this conjecture needs to be 
verified with empirical data. 

We had 3 broad objectives in this study to help address the uncertainty regarding the 
effectiveness of forested buffers: 1) to characterize grizzly bear use of habitat attributes in 
forested buffers adjacent to avalanche chutes, 2) to determine the relationship between 
buffer width and level of use of avalanche chutes, and 3) the relationship between the 
amount of timber removed from buffers (i.e., selective harvesting) and the level of use of 
grizzly bear habitats.  For this first year of work, we focused directly on the first objective, 
using bear beds as an index of bear use.  However, data collected will contribute to the next 
2 objectives, particularly when supplemented with additional field seasons. 

 

STUDY AREA 
 
The Kootenay region of BC formed the broad study area, but intensive sampling took 

place in 6 areas: Flathead (including Beavertail Creek), Moose creek (including Moose and 
Dainard creeks), St. Mary’s (including St. Mary's, White, and Redding Creeks), Lower 
Columbia (including Shannon, Kuskanax, and Laib Creeks), Upper Columbia (including 
Downie, Sorcercer, Gold, and Bachelor Creeks), and Columbia Reach (including the Bush 
River and Goodfellow Creek; Fig. 1).  The Flathead study area was the driest, being located 
within the Engelmann Spruce-Subalpine Fir (ESSF) dry cool (dk) Biogeoclimatic (BEC) 
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zone.  The upper Columbia was the wettest and was located within the Interior Cedar-
Hemlock (ICH) very wet, cool (vk) BEC zone (Table 1). 
Table 1.  Description of Biogeclimatic ecosystems within each sampling area. 

Study area BEC variant1 Creeks 
Lower Columbia ESSFwc 4 Shannon Cr. 
 ESSFwc 4 Kuskanax Cr. 
 ESSFwm Laib Cr. 
Upper Columbia ICH vk 1 Downie Cr. 
 ICH vk 1 Sorcercer Cr. 
 ICH vk 1 Gold Cr. 
 ICH vk 1 Bachelor Cr. 
Columbia Reach ESSFwc 2 Bush R. 
 ESSFwc 2 Goodfellow Cr.
Moose Cr. MSdk/ESSFdk Moose Cr. 
 MSdk/ESSFdk Dainard Cr. 
St. Mary's Cr. ESSFwm St. Mary's Cr 
 ESSFwm White Cr. 
 ESSFwm Redding Cr. 
Flathead ESSFdk Beavertail Cr.

1Zones: Engelman Spruce-subalpine fir (ESSF), Interior Cedar-Hemlock (ICH), Montane Spruce (MS). 
2Variants: very-wet (v), wet (w), dry (d), cold (c), cool (k), mild (m).   

 
Figure 1.  Location of the study area depicting specific sampling zones within the Kootenay 
region of BC, for a bear-bed detection study in 2003. 
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METHODS 

Site Selection 
 
We attempted to select areas with high grizzly bear densities to maximize bed 

detections.  Two methods were used to select these areas: the first involved GIS whereby a 
population of chutes was identified in the Revelstoke, Golden, and Arrow Forest Districts.  
These districts were chosen because digital orthophotos (air photos that are usable in a 
GIS) were available for approximately 50%, 80%, and 80% of their respective areas.  As 
well, grizzly bears were known to make heavy use of avalanche chutes in the Revelstoke 
and Golden Districts (Ramcharita 2000).  The Golden district also has new forest cover 
inventory, termed “Vegetation Resource Inventory (VRI)”, that has a more rigorous 
classification system for non-forested sites such as avalanche chutes.  

The selection process began by querying forest cover databases for non-forested 
sites.  In the traditional forest cover databases, the NPBR [non-productive brush code] was 
queried; whereas in the hierarchical VRI database, alpine sites were filtered out, vegetated 
sites were selected (Level 0), then non-treed sites were selected (Level 1), and finally 
upland sites were selected (Level 2) – (there are 2 more nested levels dealing partially with 
shrub composition, but they were ignored).  These forest-cover layers were superimposed 
onto the digital orthophotos to make it easier to locate areas with chutes and logged stands.  
An experienced avalanche chute air-photo interpreter selected high quality chutes (those 
with substantial forb communities) to form the basis of our sample.  We attempted to visit 
each chute identified in this process. 

Using tools in Arcview, various metrics were recorded including: UTM of chute, 
distance between chute and logged stand, distance between chutes, side of measurement 
(left or right), as well as mapsheet ID (Appendix 1).  For this first-pass exercise, only high-
quality chutes were selected. 

The second method of identifying areas with high potential for avalanche-chute use 
was simply to contact grizzly bear field biologists and offer them a beer in exchange of 
information (i.e., McLellan, Hovey, and Proctor pers. Comm.). 

 

Field Methods 
 
A field crew consisting of 2-3 people located the edge of the chute and began 

searching the forested buffer, parallel to the chute edge, by spacing themselves 20 meters 
apart.  If visibility was poor due to heavy underbrush, crews walked closer together.  The 
parallel search was done until 150 m from the chute edge was searched or until a clearcut 
or another avalanche chute was encountered.  The search path of each crew member was 
recorded using a GPS. 

When an animal bed was found, grizzly bear hair, digging, or scat had to be located 
before it was considered a grizzly bear bed.  Once a bear bed was confirmed, we 
established a nested plot consisting of 3 circles that was centered on the bed.  The radii of 
the 3 circles were 2.82 m (25 m2), 5.64 m (100 m2), and 11.3 m (400 m2).  In the smallest 
circle we recorded total cover (%) for each of shrubs, forbs, grasses, sedges, mosses, and 
tree canopy.  We also recorded the cover of individual shrub and forb species and average 
height of each forb species greater than 50 cm tall and all shrub species.  In the 5.64-m 
radius circle we recorded all trees >7.5 cm diameter-at-breast-height (DBH) and >1.3 m tall, 
by species, height, decay class (following Thomas 1979), and break-diameter (if applicable).  
We also tallied trees <7.5 m DBH but >1.3 m tall by species (termed “small trees”).  In the 
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largest circle, all snags > 7.5 cm DBH and all trees > 30 cm DBH were measured. The larger 
circle allowed for more precise estimates of snags and larger live trees without having to 
measure every stem.  We also noted the distance, species and DBH of the closest tree (> 
7.5 DBH and > 1.3 m tall) to the bed.   

To index horizontal visibility we used a 2-m cover pole segmented every 10 cm and 
recorded the number of segments that were visible from the observer.  The observer was 
located 10 m from the pole, and measurements were repeated looking into and out from the 
plot (to simulate the perspective of a bedded bear).  Measurements were done twice from 
each perspective at 2 cardinal compass bearings (N and E).  We stratified visual cover by 4 
50-cm classes from the ground.  Finally, we recorded the GPS location of the bed, along 
with its aspect, slope, slope position and elevation. 

To make “within buffer” matched comparisons of habitat attributes surrounding bear 
beds, we performed the same habitat plot 50-m away from each bear bed, at a random 
compass bearing.  If the bearing took us out of the buffer, we bounced back into the buffer 
for the remaining portion of the 50 m, again at a random bearing.  

Analyses 
 
The search path and location of bedding sites were downloaded from the GPS and 

imported into a GIS.  The boundaries of the avalanche chutes were digitized when 
necessary, and distance-to-chute-edge was automatically measured for each point along 
our search path and for each bear bed.  We did univariate distance-to-edge comparisons of 
our search path relative to where beds were found.  We also examined the frequency of 
bear-bed locations at 10-m intervals from the edge. 

We conducted univariate comparisons of the attributes surrounding bear beds to 
those of the matched random sites within the same buffer.  Means of bed sites and available 
sites are presented with 95% CIs.  Proportional data were arcsine transformed for 
calculations, and back-transformed to present means and endpoints of the CIs.  We focused 
our analyses on how precisely our parameters were estimated and the magnitude of the 
difference between values from bear beds vs. what was available in the environment.  We 
report the percent difference of the bed sites from the available sites’ value ([bed sites-
available sites]/available sites x 100).   

 

RESULTS 
 
We searched 68 forested buffers adjacent to 46 different avalanche chutes (some 

chutes shared buffers).  We found 29 beds associated with 14 different chutes, but in 4 
instances there were 3 beds clumped together, so only one use plot was done at each of 
those sites.  Hence, 21 different use plots were done, but only 19 matched availability plots 
were done because we did not sample availability plots in the Flathead study site (they will 
be sampled in summer 2004).  Thus, data analyses only included comparisons between 19 
bed sites matched with their respective availability plots.  The exception was for distance-to-
edge calculations, where all 21 bed plots were included in proportional comparisons with 
distance searched. 

Relative to availability plots, bear beds were more often located closer to trees and 
those trees had more than twice the basal area (Fig. 2, Table 2).  Although large tree 
densities were similar between the 2 plot types, bed sites had 22% higher total tree density, 
and 37.5% fewer snags (Fig. 3).  Beds were also associated with sites that had 27% more 
canopy cover, 18.4% fewer shrubs, 18% fewer forbs and 22.1% less moss cover (Fig. 4, 
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Table 2).  Horizontal visibility was similar between both plot types when looking into the plot 
(Fig. 5).  Also, horizontal visibility increased with increasing height from the ground, when 
looking into the plot.  From the reversed perspective (i.e., looking out from the plot), 
horizontal visibility displayed a similar profile, except the tallest layer (150 – 200 cm) where 
there as about half the visibility. 

Ninety-five percent of all beds were located within 50 m from the edges of openings, 
and 20 m of forest included 76% of bear beds.  However, those forest/opening edges 
included clearcuts as well as avalanche chutes (Fig. 6).  With the analysis restricted to the 
closest distance to an avalanche chute edge, 95% of the beds were within 100 m of the 
chute/forest edge.  In this case, a buffer of 20 m would include 71% of bear beds (Fig.6). 

 
Table 2.  Percent difference between bed sites and available sites for means of habitat 
attributes ([bed sites-available sites]/available sites x 100).  Values in bold indicate consistent 
difference in the direction of the % difference for at least 2/3 of the matched pairs. 

Habitat variable % Difference 
from available

Distance to nearest tree -30.8 
Basal area of nearest tree 158.5 
Tree density – all1 22.0 
Tree density – >30cm DBH 0.6 
Snag density – all -37.5 
Small tree density2 17.5 
Canopy cover 27.0 
Shrub cover -18.4 
Forb cover -18.0 
Moss cover -22.1 

1 > 7.5 cm DBH and >1.3 m tall 
2 < 7.5 cm DBH and >1.3 m tall 
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Figure 2.  Comparison between bed sites and available sites for the nearest tree to plot center.  
A) mean Distance to plot center for the nearest tree; and B) mean size of the nearest tree.  At 
“bed sites”, plot center was the bear bed.  Error bars are 95% CI.  
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Figure 3.  Comparison between bed sites and available sites for densities of: A) All trees (>7.5 
cm DBH and >1.3 m tall); B) Large trees (>30 cm DBH); C) Small trees (<7.5 cm DBH but > 1.3 
m tall); Snags (>7.5 cm DBH and >1.3 m tall).  Error bars are 95% CI. 
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Figure 4.  Comparison between bed sites and available sites for percent cover of: A) Shrubs; 
B) Forbs; C) Moss; D) Canopy.  Error bars are 95% CI. 
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Figure 5.  Profile of horizontal visibility subdivided into 4 equal 50 cm classes from the 
ground.  Grey bars are available sites and black bars are use sites.  The left side of the graphs 
depicts an observer looking into the plot whereas the right side depicts an observer looking 
out from the plot. 
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Figure 6.  Distributions of distance-into-forest of bed sites and search paths from the edge of 
the forested buffer.  Light grey bars represent the distance to the closest edge from the bed, 
regardless of whether it was a clearcut or avalanche chute edge.  Dark grey bars represent the 
distance of beds to the closest edge of an avalanche chute.  The search path distribution only 
includes buffers where beds were found (the distribution of search paths for all buffers is 
nearly identical). 

 

DISCUSSION 
 
Why do grizzly bears require forested areas adjacent to open foraging areas?   
 
Grizzly bears may require forest cover to mitigate thermal stress and for security 

from aggressors (McLellan 1990).  However, security cover is probably more important to 
large-bodied mammals and can be subdivided into escape cover and visual cover (Mowat 
and Ramcharita 1999).  Visual cover reduces the chance of being detected and escape 
cover provides the opportunity to evade aggressors, once having been detected.  Although 
grizzly bears are rarely preyed upon by other wildlife, intra-specific predation does occur, 
and humans are responsible for a major component of grizzly bear mortality (McLellan et al. 
1999).  Thus, successful use of security cover may lower the risk of mortality and increase 
foraging opportunities (Lima and Dill 1990). 

In fact, there is some evidence that grizzly bears require cover near foraging sites. A 
study in Montana showed that 82% of radio locations in cutblocks were within 50 m from 
forest cover (Zager et al. 1983) and in some riparian areas in BC foraging sites were 
preferred within 25 m of cover (McLellan and Hovey 1993).  Two other studies suggest that 
grizzly bears preferred areas within 100 m of escape cover (Blanchard 1983, Mattson 1997). 

The question then becomes: what are the characteristics of cover that are important 
to grizzly bears? How large should that cover be, and of what structure?  We used the 
location bear beds as a means of gauging the importance of forest cover to grizzly bears. 
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Although this first season of data collection acted as a pilot to evaluate methods, 
several important results were apparent such as the association of individual beds with an 
adjacent large tree and higher canopy cover surrounding bed sites.  Areas with higher 
canopy cover correspondingly had less understory vegetation.  We are uncertain whether 
bears were actively selecting bed sites that had less understory vegetation or whether this 
was a product of selecting sites with higher canopy cover.  However, less understory 
vegetation could provide bears with greater sightability.  This could be a useful means of 
detecting aggressors, particularly if bears had the advantage of being partially obscured by 
laying in their bed, which is usually a depression in the ground. 

Ramcharita (2000) found that 7 out of 8 beds were associated with shrubby sites and 
he took this to mean that visual cover was an important component of bed location.  
However, these beds were located within chutes themselves, with no immediate tree cover.  
In our sampling of forested buffers, we did not find beds associated with areas of high shrub 
cover (relative to available forested sites).  It could be that shrubs become a less important 
component of visual cover once beds are located within timbered habitats.  Ramcharita 
(2000) also found 5 beds in forested buffers, but he did not report the structural 
characteristics surrounding those beds. 

The forest structure surrounding bed sites was generally thicker, with higher canopy 
cover and slightly higher stem densities relative to available sites.  The higher snag 
abundance in available sites is also in agreement with the finding of lower canopy cover 
because snags tend to have far less foliage than live trees.  Again, we are uncertain 
whether bears were specifically avoiding areas with higher snag densities or whether they 
were avoiding shrubbier sites that may be associated with higher snag densities. 

 
How wide is enough? 
 
Including clearcut and avalanche chute edges, we found that 50 m of forest cover 

width encompassed 95% of all bed sites.  The forest width would have to increase if we 
restricted the analysis to forest/avalanche chute edges.  However, we feel it is valid to 
include clearcuts in this calculation because we are interested in how much forest bears 
need adjacent to openings (i.e., foraging areas).  The 5 beds that Ramcharita (2000) found 
in timber were all within 25 m from the forest edge, but he did not search as far into the 
forest as we did and his sample size was small. 

The question remains as to whether a 50-m buffer between openings is sufficient, 
because the “edge effect” would be felt from both sides and may reduce the buffer’s 
effectiveness.  Two techniques would help answer this question: 1) multivariate analyses 
using buffer width as a covariate to explain the distribution of forested bed sites from forest 
edges; 2) experimentally manipulating buffer widths using forest harvesting and examining 
the resulting distribution of bed sites in forested buffers.  Both these activities are planned in 
the future.  The first option will require more data across a wide distribution of buffer widths, 
and the second option will require careful planning with forest companies, with some pre-
treatment data. 

 

Improvements to the design 
Our study was restricted to small scale “within buffer” matched comparisons.  No 

plots were located in buffers where beds were not found, however locating plots in these 
stands would provide a broader scale of “between buffer” comparisons (sensu McLellan et 
al. In prep.).  These comparisons will help determine why bear beds were located in some 
buffers but not others. When doing so however, we will have to keep in mind that the reason 
bears are in a given buffer may be more related to the attributes in an adjacent chute, rather 
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than what is located in the buffers.  Restricting comparisons to chutes of similar quality will 
help alleviate this potential confounder. 

Selection of bed sites and foraging sites in relation to cover is complex.  On the one 
hand, high shrub cover could reduce that chance of a bear being detected by an aggressor, 
but on the other hand a sparse understory could provide bears with earlier detection of other 
organisms.  In subsequent analyses, we will have to be cognizant of opposing strategies 
that may be used by bears and may result in bi-modal relationships between bear use and a 
given attribute.  For example, the use of cover (e.g., shrubs) in open habitats could be 
different than how it is used in treed areas. 

Biases and errors 
Some of the grizzly bear beds may have been misidentified as black bear or 

ungulate beds.  Although the former case is more serious, our screening criteria would have 
minimized these errors.  The latter case is more likely to occur, but we feel that this is not a 
serious problem because we would still be characterizing the location of “bear” beds in 
general. 

There may be a bias against detecting bear beds surrounded by thick shrubs or high 
densities of small trees.  Crews will have to be vigilant and search “thick” areas more 
carefully, and veer search paths into small clumps of brush, deliberately searching for beds. 

Ideally, analyses would be stratified at least at the level of biogeoclimatic zone.  
However, we had too few samples to do so, and were looking for broad patterns across 
ecosystems, so we lumped the data.  When enough data have been collected we will 
subdivide analyses by BEC zone.  This may help clarify relationships that could be unique to 
certain ecosystems. 
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