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SUMMARY 

The grizzly bear is considered “vulnerable” in British Columbia, and its management is 

under intense public and scientific scrutiny.  Understanding and providing for grizzly bear 

requirements is a significant challenge within forested ecosystems intensively managed for other 

resource values.  Avalanche chutes and riparian areas are 2 highly important habitat features, 

and management guidelines have been developed to retain forested buffers of specified widths 

adjacent to these features.  However, the necessity of such buffers and associated attributes 

have not been empirically assessed, nor are there clear criteria for identifying which features 

require buffers.     

Complimenting the work of Serrouya and Pavan (2007), we addressed hypotheses related 

to grizzly bear response to forested buffers and associated attributes across a hierarchy of spatial 

scales using GPS and VHF radio-telemetry data in the lower Elk and Flathead drainages.  In 

Section 2, we evaluated the general hypothesis that grizzly bears are discerning in their use of 

avalanche chutes or otherwise open forb- and shrub-dominated habitats, and that their selection 

is related to the amount of forest of various ages in the landscape.  We found that grizzly bears 

preferred chutes, and portions within, that were of largely herbaceous ground cover in 

combination with both low and tall shrubs.  Regarding terrain attributes, our results specific to 

slope and slope position suggest that grizzly bears prefer chutes with an overall gradient that is 

relatively steep, but generally select the lower and relatively subdued portion of these features.  

Extending the analysis to all open forb/shrub habitats, grizzly bears preferred features with 

spectral signatures suggestive of productive but mesic vegetation conditions.  Consistently, our 

results show that differential preference by grizzly bears for both avalanche chutes and a wider 

range of open forb and shrub habitats is also negatively influenced by road access.  Contrary to 

our expectation, increasing interspersion of mature to old forest age classes either did not or did 

negatively influence grizzly bear preference, a result was consistent across scales and when 

considering both avalanche chutes and open forb and shrub habitats.   

In Section 3, we removed the open-habitat constraint and evaluated the role of forest 

conditions in season-specific habitat selection by grizzly bears.  We conducted this analysis in a 

multivariate context in light of the array of natural and human factors that undoubtedly influence 

and potentially confound grizzly bear habitat preferences across spatial scales.  Our results 

clearly demonstrated the importance of open habitats to grizzly bears.  In predicting grizzly bear 

habitat selection, the role of overstorey forest of different seral stages was equivocal but of little 

consequence.  Human access and road density were again strong negative predictors at 

relatively broad scales.     

Our collective results provide little to no evidence that forested conditions of any type play a 

role in the differential preference by grizzly bears for habitat within our analysis area.  Our 
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conclusions are, however, based on inductive analyses, and we encourage further experimental 

testing where opportunities exist.  While security cover provided by forest may minimize grizzly 

bear mortality risk, we could not address this question with our data.  However, road density and 

associated human access is an obvious negative influence on grizzly bear habitat selection, and 

we suggest that habitat management for grizzly bears focus primarily on controlling and 

minimizing human access to grizzly bear habitat.  The multivariate habitat selection models we 

present in Section 3 represent potentially-useful tools to support resource management and 

mitigation decisions specific to grizzly bear habitat quality and effectiveness.  However, 

predictions extrapolated beyond the existing study areas/capture zones should be considered 

provisional until models can be validated and/or refined based on local data. 
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SECTION 1: 

BACKGROUND 

 

INTRODUCTION 

The grizzly bear (Ursus arctos) is a high profile species considered to be “vulnerable” in 

British Columbia (i.e., blue-listed; Conservation Data Centre 2002).  Here, the management of 

grizzly bear habitat within multiple-use landscapes is under intense public and scientific scrutiny – 

locally, nationally, and internationally.  Understanding and providing for grizzly bear requirements 

is a significant challenge within forested ecosystems intensively managed for other resource 

values.  Hence, grizzly bear habitat management has been a focal issue in many land-use 

planning processes across British Columbia (e.g., ILMB 2002).   

Virtually every grizzly bear habitat study conducted in complex mountainous terrain has 

identified strong selection for avalanche chutes and riparian areas (e.g., Waller and Mace 1997, 

Ramcharita 2000, McLellan and Hovey 2001, Apps et al. 2004).  An understanding of the 

functional importance of these habitats for grizzly bear foraging led to the establishment of 

guidelines for the retention of forested buffers of specified widths adjacent to riparian and 

avalanche-chute habitats.  However, the initial determination of buffer-width and acceptable stand 

management within forested buffers (e.g., selective logging) was based on limited information.  

Moreover, there are no clear criteria for identifying which avalanche chutes or riparian areas 

necessarily require forested buffers for grizzly bears.   

To better ensure an efficient balance between ecological and economic objectives within 

managed forest landscapes, our overall objective has been to evaluate and, if necessary, refine 

recommended guidelines for forested buffers around avalanche chutes and riparian areas.  Our 

research program addressed related hypotheses across a hierarchy of spatial scales.  At the 

finest scale, “within-stand” attributes that contribute to the ecological effectiveness of forested 

buffers for grizzly bears have been evaluated through comparison of field-sampled attributes at 

sites used by grizzly bears relative to those at random sites (Serrouya and Pavan 2007).  In this 

report, we address a range of broader scales using GPS and VHF radio-telemetry data from 

grizzly bears in the Flathead River and Elk River drainages of southeastern British Columbia.  In 

Section 2, we evaluate the general hypothesis that grizzly bears are discerning in their use of 

(mapped) avalanche chutes or otherwise open forb- and shrub-dominated habitats, and that their 

selection is related to the amount of forest of various ages in the landscape.  In Section 3, we 

remove the avalanche chute constraint and evaluate the role of forest conditions in season-

specific habitat selection by grizzly bears.  We conduct this analysis in a multivariate context in 



Background  

Evaluating & Refining Grizzly Bear Forest Buffer-Habitat Management Guidelines   ￭   March 2008 

 
6

light of the array of natural and human factors that undoubtedly influence and potentially 

confound grizzly bear habitat preferences across spatial scales.   We interpret results specific to 

the role of forested buffers adjacent to open and/or riparian habitats as well as other landscape 

conditions in the habitat suitability and ultimately conservation requirements for grizzly bears.       

 

STUDY AREA 

The study area (Figures 1 & 2) is encompassed within the Border Ranges ecosection 

(Demarchi 1996).  This physiographic unit is largely comprised of mountains that are relatively 

subdued, with occasional steep, rugged ridges, and elevations of 1100-3200 m.  These ranges 

are underlain by folded and faulted sedimentary rocks that include prominent bare limestone 

ridges and major coal deposits.  Both Pacific weather systems and Arctic air masses influence 

the local climate that is characterized as cool, dry, continental.  The most common sequence of 

biogeoclimatic zones (Meidinger and Pojar 1991) here consists of Montane Spruce (MS) at low 

elevations, Engelmann Spruce-Subalpine Fir (ESSF) at middle elevations, and Alpine Tundra 

(AT) at high elevations; the Interior Douglas-fir (IDF) zone occurs in the driest valley bottoms.  In 

the MS and ESSF zones, the climax overstorey is primarily hybrid Engelmann/white spruce 

(Picea engelmannii x glauca) with a greater composition of subalpine fir (Abies lasiocarpa) at 

higher elevations, while Douglas-fir (Pseudotsuga menziesii) is the primary climax species in the 

IDF.  On the eastern slopes of the Lizard Range, high levels of precipitation yield an Interior 

Cedar-Hemlock (ICH) zone, with climax stands of western red-cedar (Thuja plicata), western 

hemlock (Tsuga heterophylla) and hybrid spruce.  Seral stands of lodgepole pine (Pinus contorta) 

occur at various elevations, in association either with western larch (Larix occidentalis), Douglas-

fir and aspen (Populus tremuloides) at low elevations or with whitebark pine (Pinus albicaulis) at 

higher elevations.  The AT is dominated by barren rock, with small patches of meadow and wind-

swept alpine grasses.  Land within the region is subject to various uses, including oil and gas 

wells/pipelines, open-pit coal mining, timber harvesting, agriculture and livestock grazing, human 

settlements (including the communities of Fernie and Sparwood), and both motorized and non-

motorized recreation.  The study area is also bisected by Highway 3 that carries approximately 

7000 vehicles per day during summer, with 8-16 freight trains per day on the railroad that 

parallels the highway (BC Ministry of Transportation and Highways, unpubl. data).   
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Figure 1.  Southern Canadian Rocky Mountains study area in relation to current grizzly bear range 
(McLellan 1998).   
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Figure 2.  Detail of southern Canadian Rocky Mountains study area for the evaluation and refinement 
of forested buffer management guidelines for grizzly bear habitat conservation. 
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SECTION 2: 

DIFFERENTIAL PREFERENCE BY GRIZZLY BEARS FOR 
AVALANCHE AND OTHER OPEN HABITATS RELATIVE TO 

LANDSCAPE CONDITIONS 

 

OBJECTIVES 

In this chapter, we present an inductive analysis designed to address 3 objectives.  First, 

we evaluated how multi-scale factors relate and potentially contribute to the differential selection 

of avalanche chutes by grizzly bears.  We expect that the importance of a particular avalanche 

chute and site within will reflect not only its specific composition but also that of other avalanche 

chutes and associated forest, terrain and human conditions in successively larger landscapes.  If 

true, it follows that the application of habitat management guidelines directed at maintaining the 

value of avalanche chutes to grizzly bears would be applied on a priority basis with consideration 

to habitat factors operating simultaneously across spatial scales.  This first objective involved 

exploratory analysis, with covariate selection informed according to known or hypothetical 

relationships between grizzly bears and both habitat and human conditions. 

Our second objective involved testing a specific hypothesis pertaining to the role of 

adjacent forest conditions on grizzly bear preference for avalanche chutes.  While grizzly bears 

are known to have evolved in open habitat conditions (Herrero 1972), overstorey cover may 

contribute to life requisites by facilitating (a) thermoregulation (minimizing heat stress) and/or (b) 

security from people.  These roles may be of increasing importance toward southern extents of 

grizzly bear range where very warm ambient temperatures are more likely, and where there is 

generally greater human access and presence in landscapes occupied by grizzly bears.  Hence, 

we expect to find that some amount of forest composition within the landscape is a positive factor 

in predicting avalanche chute preference, and that the strength of this relationship increases at 

finer spatial scales.  Further, we expect that grizzly bears will prefer avalanche chutes occurring 

in association with overstorey stand conditions that provide for cool microsites.  We assume that 

this potential is greatest within stands that are at least moderately old, tall, and closed. 

For our third objective, we expanded the above (second) hypothesis to include all open, 

forb and shrub dominated habitats.  While this encompasses open habitats maintained by 

periodic snow-avalanche, it also includes other largely non-forested features such as fens and 

alpine meadows that may have seasonal value to grizzly bears that is as important as avalanche 

chutes.  As above, we considered the role of landscape composition in evaluating differential 

preference for these features by grizzly bears.  
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METHODS 

Grizzly Bear Location Data 

The grizzly bear data applied in this analysis were collected in two disjunct portions of the 

larger study area, and included both VHF-telemetry and GPS locations.  As part of an ongoing 

study, 119 (64 M, 55 F) grizzly bears were captured in the Flathead portion of the study area 

between 1978 and 2006.  Of these bears, 117 were fitted with standard VHF radiocollars and 

monitored by ground and fixed-wing aircraft.  Due to the potential for broad spatial bias in 

radiolocations acquired from the ground, we used only data obtained through aircraft searches in 

our analyses.  Across years and animals, the sampling interval associated with this dataset was 

6.0 days ±10.3 (1SD).  Locations were referenced to airphotos and 1:20,000 forest cover maps, 

and we assume that spatial error was ≤100 m.  In more recent years, 14 bears were fitted with 

GPS radiocollars within the Flathead area.  These collars attempted location fixes at intervals of 6 

h (ATS & Telonics) 4 h (Televilt), or 2 hr (Lotek).  North of the Flathead drainage, we placed GPS 

radiocollars (Lotek 4000/4400) on 14 grizzly bears in the lower Elk Valley and Crowsnest Pass 

areas between 2003 and 2007.  Location fixes were attempted at intervals of either 2 hr (model 

4000) or 1 hr (model 4400M).   

The accuracy of successful location fixes from GPS collars have been reported to average 

10.6 m ±0.29 m SE (D’Eon et al. 2002).  However, we inferred spatial error for each location 

using standard techniques (Rempel et al. 1997, Moen et al. 1997), and screened out data likely to 

exceed 100 m error.  Our design dictated that only grizzly bear locations falling within mapped 

avalanche chutes, devoid of overstorey cover, were applied for analysis.  Because GPS fix-

success is biased primarily by forest cover (Rempel et al. 1995, Dussault et al. 1999), we did not 

post-process GPS data to address habitat-related bias.   

 

Avalanche Chute Mapping 

To date, no existing biophysical inventory product adequately delineates and classifies 

avalanche chutes and their constituent habitats.  We therefore mapped and classified avalanche 

chutes within the study area on the basis of 1:30,000 ortho-corrected colour digital airphotos (G. 

Pavan, unpublished report).  Avalanche chutes were identified as obvious, relatively linear non-

forested features running down steep slopes and passing through otherwise forested landscapes.  

The features have characteristic start, run, and run-out (“toe”) zones.  Although start zones can 

begin above tree-line, the chutes were generally mapped as starting at or just above tree-line.  

Within avalanche chutes, habitats were delineated according to five classes: herb 

dominated (“herb”), a mixture of herb and shrub with < 70% overstorey cover (“low shrub”), shrub-

dominated with > 70% overstorey cover (“tall shrub”), non-vegetated (“non-veg”), and mature 
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treed islands within the chute boundary (“treed”).  We verified the accuracy of this classification 

by using a helicopter and global positioning system to confirm the actual habitat types at points 

within 48 different avalanche-chute vegetation polygons.  This sampling represented 6.5% of 

mapped avalanche chutes.  Overall accuracy was 85% and ranged from 73% (tall shrub) to 100% 

(non-veg) within classes.     

   

Land Cover Classification 

We derived covariates pertaining to land-cover reflectance from an orthorectified Landsat-7 

Thematic Mapper (TM) satellite scene captured in August 2000.  The native resolution of 

component bands is 30 m for multi-spectral bands 1 – 7 and 15 m for panchromatic band 8.  We 

applied the panchromatic band to derive transformed multi-spectral bands at 15 m resolution, a 

process often referred to as “pan-sharpening”.  To derive a true-colour composite image at 15 m 

resolution, we applied the colour space transformation technique (Vrabel 1996).  For application 

in our analysis, we obtained individual multi-spectral bands at 15 m resolution using a local-

regression transformation (Price 1999).   

The Landsat imagery was initially corrected for atmospheric and geometric distortions.  

Using a digital elevation model at 25 m resolution, we modeled the spatial distribution of solar 

energy for the minute the imagery was taken (Kumar et al. 1997, Meszaros et al. 2002), and we 

used this to apply a correction for topographic redistribution of solar radiation to all TM bands 

(Civco 1989).  We then extracted 3 principal component images from TM bands 1-5 and 7, and 

conducted an unsupervised classification to cluster spectral radiance values within a composite of 

these images (Eastman 1999).  We used forest cover data and prior knowledge of the study area 

to verify, name, and in some cases group the spectral classes with respect to land cover.  One of 

these classes corresponded to open, forb and shrub habitats (OP_FRB-S) and another 

corresponded to open, forest and shrub habitats (OP_FOR-S).   

In addition to the Landsat multispectral component-bands, we derived vegetation indices 

that are expected to be least influenced by changes in reflectance due to topography (Lyon et al. 

1998).  We applied the normalized difference vegetation index (NDVI) that is derived from 

Landsat TM data using the formula: (Band4 – Band3) / (Band4 + Band3).  We also applied a 

Tassled-Cap transformation to the Landsat component spectral bands (Crist and Cicone 1984, 

Mather 1989) to obtain vegetation indices of greenness (GVI) wetness (WVI), and brightness 

(BVI).  The GVI is known to respond to net primary vegetation productivity within pixels (Schwartz 

and Reed 1999) and appears to relate to the nutritional quality and abundance of many grizzly 

bear plant foods (Mace et al. 1999, Stevens 2001).    
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Other Explanatory Variables 

In addition to those described above, we assembled several other spatial data sources from 

which we derived a specific set of variables relevant to our analysis objectives (Table 1).  All 

variables were represented in a raster environment with a spatial resolution of 25 m.  

Discrete variables were represented by each of the aforementioned unforested classes 

mapped within avalanche chutes (AV_HERB, AV_LSHRB, AV_TSHRB, AV_NOVEG).  We also 

combined these habitat types into one generic avalanche chute variable (AV_ALL) used to 

determine the proportion of landscapes composed of avalanche chutes.   

We expected that forest-stand composition of the landscape would be relevant to grizzly 

bear selection for avalanche chutes, and we derived related variables from 1:20,000 digital forest 

inventory planning files (Resources Inventory Branch 1995).  We considered the average age of 

forest stands (FOR_AGE) as a ratio-scale variable.  We also considered discrete variables of age 

classes corresponding to immature (1 – 40 years; FOR_1-2), mature (41 – 120 years; FOR_3-6), 

and old (>120 years; FOR_7-9) forests.  In addition, we included a ratio-scale variable 

(FOR_CLOS) representing canopy closure within forested stands, as well as the average height 

among forest stands (FOR_HT).  We also considered an index of forest productivity 

(FOR_PROD) derived from overstorey species, age, and height (Thrower et al. 1991).   

From a digital elevation model (Geographic Data BC 1996), we derived terrain variables 

that may influence grizzly bear preference for avalanche chutes or portions thereof.  We included 

percent slope (SLOPE) as a ratio-scale variable.  We considered grizzly bear preference for slope 

position (SLOPEPOS) inferred from terrain curvature (Pellegrini 1995).  To address the influence 

of solar heating on grizzly bear preferences, we derived a ratio-scale variable depicting the 

intensity of exposure to a southwest aspect (ASP_SW).  Specifically, we applied Beers’ (1966) 

aspect transformation modified by Keim and Lele (2007) as follows: Transformed Aspect = sine 

(aspect in degrees + 225).  We modified the output to range from 0 – 1, whereby northeast (45°) 

and southwest (225°) aspects reflected 0 and 1, respectively.  We chose not to model solar 

insolation directly because our data spanned all months in which grizzly bears were largely 

active, and solar heating is also influenced by slope position which we addressed separately.     

   We developed an interval-scale index of expected human access to the landscape 

(ACCESS; sensu Apps et al. 2004).  This index was a function of motorized travel time from 

human population centers given existing road networks and types, and the size of those 

population centers.  The algorithm includes decay exponents reflecting the decreased 

“willingness” of people to travel over increasing time, and the lower per capita influence on the 

regional landbase as population centers become more urbanized (C. D. Apps, unpublished 

report).  We also considered road density (ROADS) directly, weighting roads according to traffic 

volume (Apps et al. 2004).    
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Table 1.  Independent variables considered for analyses of differential preference by grizzly bears for 
avalanche chutes and/or open, forb and shrub habitats in the southern Canadian Rocky Mountains.   
 

Variable Description 

Avalanche Chutes 

AV_ALL Avalanche chute without habitat discrimination 

AV_HERB Avalanche chute – herb 

AV_LSHRB Avalanche chute – low-shrub 

AV_TSHRB Avalanche chute – tall-shrub 

AV_NOVEG Avalanche chute – non-vegetated 

Landsat Vegetation 

OP_FRB-S Open, forb and shrub habitats 

OP_FOR-S Open, forest and shrub habitats 

BVI Bright vegetation index 

GVI Green vegetation index 

WVI Wet vegetation index 

NDVI Normalized difference vegetation index 

Forest Conditions 

FOR_1-2 Landscape proportion composed of immature stands (1–40 yr) 

FOR_3-6 Landscape proportion composed of mature stands (41 – 120 yr) 

FOR_7-9 Landscape proportion composed of old stands (>120 yr) 

FOR_AGE Age (yrs) among mapped stands 

FOR_HT Height (m) among mapped stands 

FOR_CLOS 

 

Closure (%) – proportion of landscape (both w/n & outside of 

mapped stands) that is under forest canopy 

Terrain 

SLOPE Slope (%) 

SLOPEPOS Slope position (m) relative to “available area”1.  

Human 

ROADS Weighted density of linear transportation features 

ACCESS Index of human accessibility 
 

1  see Multi-scale Analysis Design, below 
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Multi-scale Analysis Design 

We designed our analysis in accordance with Thomas and Taylor’s (1990) Study Design 2, 

with inferences relevant at the population level.  However, the weightings applied to sampled 

grizzly bear locations differed across analysis scales described below.   

We employed an analysis design that accounted for the scale-dependent nature of wildlife-

habitat associations (sensu Apps et al. 2001).  Spatial scale in ecology is characterized by the 

geographic extent of analysis and the spatial resolution of data.  Within avalanche chutes, we 

analyzed grizzly bear-habitat associations at 4 nested spatial scales, corresponding to 

successively smaller landscapes of used and available habitat (Figure 3).  At level 1, the broadest 

scale of analysis, the area considered to be available to grizzly bears at any given time and 

location was that within a radius of 17.8 km (i.e., 995 km2) defining the largest area we consider 

to be available to bears in moving between sequential locations within a 1-week sampling interval 

(Figure 4).  Over this time period, 10% of net movements were ≥17.8 km, and we therefore 

weighted points with a 1-week sampling interval to be independent within this radius.  By applying 

a 0.205 multiplier to the 17.8 km distance, we defined a 3.65 km radius within which we defined 

the used landscape at level 1.  At levels 2, 3, and 4, the available landscape radius was defined 

by the used landscape radius at the previous broader scale, and the used landscape radius was 

again calculated using the 0.205 factor.  Although this multiplier was arbitrary, it ensured that the 

radius used to scale habitat composition at level 4, the finest scale of analysis (30 m), 

encompassed the assumed spatial error of grizzly bear GPS locations within the pooled dataset.  

We also note that the radius of available area at level 4 was greater than the minimum mappable 

unit of the smallest-scale data (1:20,000) from which variables were derived.  The above design 

ensured that the proportion of used landscape to available area was equal at all levels. 

At the finest scale (level 4; available area = 150 m radius), we did not apply VHF data due 

to unacceptable spatial error, and we assumed that all GPS data (i.e., ≥1 hr interval) were 

temporally independent samples.  We included VHF data at broader scales, and weighted GPS 

and VHF locations according to assumed independence intervals of ≥2 hrs (level 3; available 

area = 0.75 km radius), ≥11 hrs (level 2; available area = 3.7 km radius), and 7-days (level 1; 

available area = 17.8 km radius).   

At each analysis level, we adjusted the resolution of habitat variables to the used and 

available landscape radius by aggregating data (Bian 1997) using a GIS moving window routine.  

Pixels thus reflected each variable’s mean value or proportional composition within a surrounding 

circular landscape.  Lands for which any of the habitat data sources were not available, and water 

bodies, were not considered part of the landscape when aggregating data using the moving 

window routine.     
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Figure 3.  Hierarchical scales considered in analyzing grizzly bear habitat selection in the southern 
Canadian Rocky Mountains, British Columbia.  Scales were defined by radii of used and available 

landscapes.      
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Figure 4.  Net movements of GPS-collared grizzly bears over successive days in southeastern British 
Columbia, 2003 – 2007. 
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We constrained our first analysis to only those grizzly bear locations falling within mapped 

avalanche chutes, and our second analysis to only locations falling within open, forb and shrub 

habitats as represented by the Landsat land cover classification.  Accounting for aforementioned 

constraints of temporal independence and spatial accuracy, our location sample size varied 

among levels (Table 2).   

 
Table. 2.  Grizzly bear location sample size from broadest (level 1) to finest (level 4) spatial scales, 
and by mapped avalanche chutes and Landsat-derived open, forb and shrub habitats.   
 

 Level 

Constraint 1 2 3 4 

Mapped Avalanche Chutes 20 253 1,676 4,532 

Open Forb and Shrub Habitats 49 570 3,367 9,419 

 

 

At each analysis level, we compared the composition of used landscapes to available areas 

at grizzly bear locations within avalanche chutes.  For exploratory univariate analysis, we 

calculated the Ivlev electivity index (Ivlev 1961) independently for each variable.  We then split 

the range represented by our data (at level 4; the scale of maximum variability) into 10 equal bins, 

and plotted the change in electivity as landscape conditions change.  In this way, we assessed 

the specific nature and shape of grizzly bear associations with each variable.   

Recognizing the multivariate nature of grizzly bear preference for landscape conditions 

associated with mapped avalanche chutes or otherwise open forb/shrub habitats, we applied 

multiple logistic regression to derive best-fit linear combination of variables explaining differential 

preference by grizzly bears within each of these habitat constraints.  We derived models 

independently at each of the 4 spatial scales.  We considered only variables exhibiting at least 

marginal univariate relationships (P < 0.1), and we evaluated associations among variables using 

Pearson correlation coefficients and tolerance statistics.  Where problematic collinearity occurred 

(rs > 0.7 or tolerance < 0.2; Menard 1995), we dropped variables of lesser univariate significance 

and/or that were ecologically redundant.  We then evaluated multivariate differences between 

selected landscapes and respectively available areas using matched case-control logistic 

regression within a Cox proportional hazards analysis (Hosmer and Lemeshow 2000).  We 

employed forward stepwise model selection, evaluating improvement using Akaike’s Information 

Criterion (AIC; Akaike 1973).  We evaluated model performance using a chi-square goodness-of-

fit statistic (Zhang 1999), and we gauged the variation explained by each model using the 

Nagelkerke R2 (Norusis 1999).  We also derived the area under the receiver operating 
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characteristic curve (AUC; Hosmer and Lemeshow 2000), which corresponds to the proportion of 

matched grizzly bear selected and available landscapes where a higher probability is assigned to 

the selected landscape. 

Through multivariate analyses, we intended to evaluate the specific role of adjacent forest 

conditions in the differential preference by grizzly bears for avalanche chutes or otherwise open 

forb/shrub habitats.  Therefore, we initially excluded forest variables from best-fit model selection.  

We then combined the 3 forest succession variables (FOR_1-2, FOR_3-6, FOR-7-9) with the 

best-fit model derived at each scale.  In doing so, the nature of our analysis design required that 

we represent each forest variable in its interaction with the proportion of the landscape composed 

of the defined habitat constraint (i.e., mapped avalanche chutes or otherwise open forb/shrub 

habitats).   We evaluated the improvement in model performance (∆ AIC) with adjacent forest 

considered, and interpreted the effect of each forest variable according to the sign, strength, and 

significance of respective coefficients.   

 

RESULTS 

Differential Preference for Avalanche Chutes 

In evaluating differential preference by grizzly bears for avalanche chutes, selection indices 

differed across scales for most of the variables considered (Figures 5 & 6).  Excluding adjacent 

forest conditions, a subset of variables were predictive of grizzly bear preference for avalanche 

chutes, and models were improved through the inclusion of forest variables at levels 2 – 4 (Table 

3).   

Across scales, variables differed in their role in predicting grizzly bear preference for 

avalanche chutes (Table 4).  At level 1, the relevant positive predictor was low-shrub cover, while 

human access was a negative predictor.  At level 2, both herbaceous and tall-shrub cover as well 

as slope were positive predictors, while unvegetated cover was a negative predictor.  Also a 

relevant negative predictor was the abundance of mature (age class 3 – 6) forest stands.  At level 

3, grizzly bear preference was positively predicted by the proportion of herbaceous, low-shrub, 

and tall-shrub cover, as well as slope position.  Negative predictors were unvegetated cover, 

slope, and human access.  At this scale, grizzly bear preference was also negatively predicted by 

the abundance of forest cover of mature to old age.   At level 4, herbaceous, low-shrub and tall-

shrub cover were again positive predictors, while slope and slope position were both negative 

predictors.  Again, the proportion of mature to old forest in the landscape appeared to negatively 

influence avalanche chute selection by grizzly bears.   
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Figure 5.  Independent relationships potentially influencing grizzly bear preference for avalanche 
chutes in the southern Canadian Rocky Mountains.  Shown are Ivlev electivity indices for each factor 
represented at broadest (level 1) to finest (level 4) spatial scales. 
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Figure 6.  Differential selection by grizzly bears for avalanche chutes in the southern Canadian Rocky Mountains.  Shown are univariate selection indices and 
associated changes from broadest (level 1) to finest (level 4) spatial scales.  Variables are of both composition within avalanche chutes and associated 
landscape attributes.    
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Table 3.  Performance and predictive power of models explaining differential preference by grizzly 
bears for avalanche chutes in the southern Canadian Rocky Mountains.  Models were independently 
derived at broad (level 1) to fine (level 4) spatial scales.  Statistics given are the area under the 

receiver operating characteristic curve (AUC), Nagelkerke R2 coefficient of determination, model χ2 

and associated significance level.  Model improvement with the inclusion of adjacent forest 
conditions is indicated by a reduction in AIC (i.e., negative ∆ AIC).  

 

Level Forest AUC R2 χ2 P ∆ AIC 

1 No 0.84 0.6 23.2 <0.001  

 Yes 0.9 0.64 25.4 <0.001 3.9 

2 No 0.77 0.52 248.4 <0.001  

 Yes 0.83 0.62 317.1 <0.001 -62.7 

3 No 0.82 0.4 1180.5 <0.001  

 Yes 0.93 0.63 2149.4 <0.001 -962.86 

4 No 0.56 0.037 252.8 <0.001  

 Yes 0.7 0.121 863.7 <0.001 -604.9 
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Table 4.  Model parameters explaining differential preference by grizzly bears for avalanche chutes in 
the southern Canadian Rocky Mountains from broadest (level 1) to finest (level 4) spatial scales.  The 
predictive influence of each covariate is indicated by the sign of its coefficient (β) and the 
significance of its Wald statistic.  Forest variables (in italics) are included regardless of their 
predictive contribution.   

Level Variable β SE Wald P 

1 AV_LSHRB 0.367 0.247 2.206 0.137 

 ACCESS -3.509 2.734 1.647 0.199 

 FOR_1-2 0.104 0.267 0.151 0.697 

 FOR_3-6 -0.143 0.171 0.704 0.401 

 FOR_7-9 0.002 0.120 0.000 0.984 

2 AV_HERB 0.261 0.087 8.984 0.003 

 AV_TSHRB 0.214 0.041 26.906 <0.001 

 AV_UNVEG -0.544 0.209 6.736 0.009 

 SLOPE 0.176 0.082 4.636 0.031 

 FOR_1-2 0.018 0.011 2.568 0.109 

 FOR_3-6 -0.014 0.005 7.111 0.008 

 FOR_7-9 0.007 0.005 2.230 0.135 

3 AV_HERB 0.325 0.020 257.988 <0.001 

 AV_LSHRB 0.284 0.022 162.916 <0.001 

 AV_TSHRB 0.268 0.020 174.554 <0.001 

 AV_UNVEG -0.393 0.105 14.091 <0.001 

 SLOPE -0.236 0.017 197.282 <0.001 

 SLOPEPOS 0.253 0.023 120.262 <0.001 

 ROADS -0.161 0.046 12.398 <0.001 

 FOR_1-2 0.002 0.000 27.051 0.919 

 FOR_3-6 -0.004 0.001 24.790 <0.001 

 FOR_7-9 -0.009 0.001 87.757 <0.001 

4 AV_HERB 0.013 0.002 49.526 <0.001 

 AV_LSHRB 0.016 0.002 72.684 <0.001 

 AV_TSHRB 0.008 0.002 22.114 <0.001 

 SLOPE -0.024 0.006 18.566 <0.001 

 SLOPEPOS -0.439 0.048 83.973 <0.001 

 FOR_1-2 -0.000 0.000 3.401 0.065 

 FOR_3-6 -0.000 0.000 119.622 <0.001 

 FOR_7-9 -0.002 0.000 286.717 <0.001 
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Differential Preference for Open Forb/Shrub Habitats 

In evaluating differential preference by grizzly bears for open forb and shrub habitats, 

selection indices differed across scales for most of the variables considered (Figures 7 & 8).  

Excluding adjacent forest conditions, a subset of variables were predictive of grizzly bear 

preference for avalanche chutes, and models were improved through the inclusion of forest 

variables at levels 2 – 4 (Table 5).   

Across scales, variables differed in their role in predicting grizzly bear preference for open 

forb and shrub habitats (Table 6).  At level 1, the bright vegetation index was a relevant positive 

predictor, while human access was a negative predictor.  At level 2, the normalized difference 

vegetation index was a positive predictor, while both the bright and wet vegetation indices as well 

as road density were negative predictors.  Also a relevant negative predictor was the abundance 

of mature (age class 3 – 6) forest stands.  At level 3, grizzly bear preference was positively 

predicted by both the green and normalized difference vegetation indices, and negatively 

predicted by the bright and wet vegetation indices.  At this scale, grizzly bear preference was also 

positively influenced by the proportion of early-seral forest conditions (i.e., stands of 1 – 40 yrs).   

At level 4, the green and normalized difference vegetation indices were again positive predictors, 

while preference by grizzly bears was both the bright and wet vegetation indices as well as road 

density.  The proportion of forest cover of any age class in the landscape was also a negative 

influence on grizzly bear use of open forb and shrub habitats.     
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Figure 7.  Independent relationships potentially influencing grizzly bear preference for open 
forb/shrub habitats in the southern Canadian Rocky Mountains.  Shown are Ivlev electivity indices 
for each factor represented at broadest (level 1) to finest (level 4) spatial scales. 
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Figure 8.  Differential selection by grizzly bears for open, forb/shrub habitats in the southern Canadian Rocky Mountains.  Shown are univariate 
selection indices and associated changes specific to landscape composition from broadest (level 1) to finest (level 4) spatial scales. 
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Table 5.  Performance and predictive power of models explaining differential preference by grizzly 
bears for open forb/shrub dominated habitats in the southern Canadian Rocky Mountains.  Models 
were independently derived at broad (level 1) to fine (level 4) spatial scales.  Statistics given are the 
area under the receiver operating characteristic curve (AUC), Nagelkerke R2 coefficient of 

determination, model χ2 and associated significance level.  Model improvement with the inclusion of 

adjacent forest conditions is indicated by a reduction in AIC (i.e., negative ∆ AIC).  

 

Level Forest AUC R2 χ2 P ∆ AIC 

1 No 0.81 0.23 18.2 <0.001  

 Yes 0.92 0.26 21.5 <0.001 2.7 

2 No 0.89 0.3 294.4 <0.001  

 Yes 0.93 0.33 326.6 <0.001 -26.1 

3 No 0.94 0.35 2080.1 <0.001  

 Yes 0.97 0.38 2243.5 <0.001 -162.4 

4 No 0.88 0.24 3682.1 <0.001  

 Yes 0.89 0.25 3968.5 <0.001 -280.3 
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Table 6.  Model parameters explaining differential preference by grizzly bears for open forb/shrub 
habitats in the southern Canadian Rocky Mountains from broadest (level 1) to finest (level 4) spatial 
scales.  The predictive influence of each covariate is indicated by the sign of its coefficient (β) and 
the significance of its Wald statistic.  Forest variables (in italics) are included regardless of their 
predictive contribution.   

 

Level Variable β SE Wald P 

1 BVI 0.207 0.127 2.639 0.104 

 ROADS -0.970 0.600 2.618 0.106 

 FOR_1-2 0.046 0.043 1.165 0.280 

 FOR_3-6 -0.010 0.015 0.453 0.501 

 FOR_7-9 -0.002 0.025 0.004 0.948 

2 BVI -0.566 0.172 10.836 0.001 

 WVI -0.435 0.115 14.400 <0.001 

 NDVI 0.537 0.150 12.889 <0.001 

 ROADS -0.442 0.154 8.249 0.004 

 FOR_1-2 0.016 0.010 2.713 0.100 

 FOR_3-6 -0.011 0.005 5.319 0.021 

 FOR_7-9 -0.004 0.003 1.090 0.296 

3 BVI -0.915 0.087 110.795 <0.001 

 GVI 0.272 0.041 44.800 <0.001 

 WVI -1.032 0.088 137.972 <0.001 

 NDVI 0.817 0.078 110.654 <0.001 

 FOR_1-2 0.000 0.000 0.010 0.919 

 FOR_3-6 -0.002 0.001 12.356 <0.001 

 FOR_7-9 -0.004 0.001 32.137 <0.001 

4 BVI -0.327 0.014 552.670 <0.001 

 GVI 0.164 0.012 184.447 <0.001 

 WVI -0.325 0.012 707.798 <0.001 

 NDVI 0.166 0.008 410.977 <0.001 

 ROADS -0.027 0.006 19.375 <0.001 

 FOR_1-2 -0.000 0.000 10.792 0.001 

 FOR_3-6 -0.000 0.000 116.185 <0.001 

 FOR_7-9 -0.001 0.000 87.269 <0.001 
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DISCUSSION 

The grizzly bear is a generalist omnivore that has occurred across a great diversity of 

ecological conditions (Mattson and Merrill 2002).  In several ways, the species is physically and 

behaviourally adapted to conditions typical of open environments and where food sources are 

often concentrated (Herrero 1972).  In regions that are largely forested, black bears (U. 

americanus) may effectively compete with grizzly bears for dispersed plant foods and may exert a 

limiting influence on grizzly bears (Mattson et al. 2005, Apps et al. 2006).  Hence, notwithstanding 

variation among seasons, all studies of grizzly bear habitat preference and distribution have 

demonstrated a clear association with open habitats of high vegetation productivity (e.g., Waller 

and Mace 1997, McLellan and Hovey 2001, Apps et al. 2004).  While forested riparian habitats 

contain some bear plant foods important during spring (Hovey and McLellan 1995), the 

requirement of forest cover is generally thought to relate to thermoregulation needs and to 

facilitate security from people.   

Among open habitat types, avalanche chutes are particularly important due to their 

provision of concentrated plant foods during spring and summer (Waller and Mace 1995, 

Ramcharita 2000, McLellan and Hovey 2001).  Among and within avalanche chutes, differential 

preference by grizzly bears may change in response to phenological procession.  However, our 

results suggest that variation in vegetation cover types also influences grizzly bear preference.  

We found that grizzly bears preferred chutes, and portions within, that were of largely herbaceous 

ground cover in combination with both low and tall shrubs.  Others have also found that ground 

cover consisting of forbs and grasses were important factors in determining differential preference 

for avalanche chutes by grizzly bears (Ramcharita 2000, Serrouya and Pavan 2007).  Regarding 

terrain attributes, our results specific to slope and slope position suggest that grizzly bears prefer 

chutes with an overall gradient that is relatively steep, but generally select the lower and relatively 

subdued portion of these features.   

Upon expanding our consideration beyond avalanche chutes to all open forb and shrub 

habitats, we again found differential preference by grizzly bears relative to habitat conditions 

among and within these features.  Some of these features likely correspond to wetlands that may 

not support bear plant foods, and this may explain the negative influence of the wet vegetation 

index (WVI) across most scales.  At the opposite end of the moisture gradient, the consistent 

negative influence of the bright vegetation index (BVI) at levels 2 – 4 suggest an avoidance of 

unvegetated and relatively rocky ground cover.  Coupled with these predictors, both the green 

vegetation index (GVI) and normalized difference vegetation index (NDVI) positively predicted 

grizzly bear preference for open forb and shrub habitats at successively finer scales.  This reflects 

the importance of primary vegetation productivity but within a moisture range we characterize as 

mesic.  That is to say, within open forb and shrub habitats, the positive relationship with GVI likely 
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holds only if covariation with other indices (particularly WVI) is also considered.  While other 

studies have found a positive relationship between grizzly bear habitat selection and the GVI 

(Mace et al. 1999, Stevens 2001, Neilsen 2004), this relationship may pertain only to a specific 

ecological scale that corresponds to choices made by grizzly bears among habitats available 

within home ranges.  The relationship may not hold, and could reverse, at both broader and finer 

scales.  For example, Apps et al. (2004) found that, when considered independently, the GVI was 

negatively associated with grizzly bear population abundance and distribution within their study 

area.  This appears to have been due to the extensive wetland complexes (with relatively high 

GVI) in a major valley not generally occupied by grizzly bears, and because preferred open 

vegetated habitats generally occurred at relatively high elevations and in proximity to unvegetated 

habitats.  At a fine scale, when differential preference by grizzly bears among and within 

avalanche chutes is considered, herbaceous vegetation cover (the most clear and consistent 

positive predictor of grizzly bear preference) corresponds to a mean GVI that is in fact low relative 

to shrub types (Figure 9).  This indicates that GVI is not a suitable independent predictor of 

preferred grizzly bear habitat within open forb and shrub habitats. 

It has been widely demonstrated that the density of active roads and access to those routes 

by people negatively affects both the space use and persistence of grizzly bears (e.g., McLellan 

and Shackleton 1988, Mace et al. 1996, Apps et al. 2004, Nielsen 2004).  Accordingly, our results 

clearly show that differential preference by grizzly bears for both avalanche chutes and a wider 

range of open forb and shrub habitats is also negatively influenced by road access.  The 

influence is clearly apparent at broader scales, but was only apparent at the finest scale when 

general open forb and shrub habitats were considered.  Within this more generalized habitat 

condition, we speculate that there is a greater range of variation in human access that 

undoubtedly includes features derived by and associated with human activity.   

Under the assumption that forest overstorey contributes to grizzly bear thermal 

requirements and/or security from people, we anticipated that an interspersion of forested 

habitats would positively influence grizzly bear preference for avalanche chutes or otherwise 

open forb and shrub habitats.  However, our results did not bear this out, as increasing 

interspersion of mature to old forest age classes either did not or did negatively influence grizzly 

bear preference.  This result was consistent across scales and when considering both avalanche 

chutes and open forb and shrub habitats.  Forest cover may be associated with some seasonally 

important bear plant foods such as Equisetum arvense (McLellan and Hovey 2001).  However, 

we did not find that forest cover contributed to the value of avalanche chutes to grizzly bears 

within the range of conditions we sampled.  Hypotheses similar to ours were addressed by 

Serrouya and Pavan (2007) who considered attributes associated chutes selected by bears but 

also attributes of grizzly bear bed sites, and their findings are consistent with our results.  They 
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found that grizzly bears preferred chutes with some degree of forb community composition, but 

that forested buffer width or the amount of forest harvest were irrelevant predictors.   
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Figure 9.  Vegetation index values (mean ±SE) among mapped avalanche chute cover types and 
matrix areas (Non AV) in the southern Canadian Rocky Mountains.  Metrics correspond to wet (WVI), 
bright (BVI), green (GVI) and normalize difference (NDVI) vegetation indices derived from a post-
processed Landsat-7 Thematic Mapper (TM) satellite scene captured in August 2000.   

 

 

There is an important caveat to our findings, in that our study was based on inductive 

analyses and could not consider grizzly bear response to a very high or near-complete removal of 

forest.  Experimental manipulation of forest conditions associated with avalanche chutes and the 
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measurement of grizzly bear response with appropriate control and replication is problematic.  

Alternatively, we suggest that our analyses be replicated in other study areas that may be 

associated with different ecosystem, biophysical, and human conditions.  This would ideally 

include landscapes with open habitat conditions preferred by grizzly bears but that have been 

subject to extensive forest harvest.   

 

MANAGEMENT IMPLICATIONS 

Coupled with those of Serrouya and Pavan (2007), our findings indicate that the provision 

of forested buffers adjacent to avalanche chutes is of little benefit to grizzly bears.  However, our 

work supports the clear and obvious importance of controlling road access to landscapes where 

open habitats are otherwise likely to serve grizzly bear foraging needs.  The differential value of 

avalanche chutes and other open habitats can be discerned by their concentration at broader 

scales, and by their composite vegetation cover types.  Specifically, open habitats associated 

with mesic to moist sites with herbaceous ground cover that is likely include preferred plant foods 

should rank high in terms of value.  As we have demonstrated, the importance of these open 

habitat features can be evaluated through predictive modeling using remotely sensed data across 

extensive areas.  In doing so, we caution against making inferences based on relationships with 

surrogate variables (e.g., GVI) derived from analyses at broader ecological scales. 
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SECTION 3: 

GRIZZLY BEAR HABITAT SELECTION AND SUITABILITY 
ACROSS MULTIPLE SCALES IN THE FLATHEAD AND LOWER 

ELK DRAINAGES, BRITISH COLUMBIA 

 

OBJECTIVES 

In this section, we present an exploratory analysis of scale-dependent habitat selection by 

grizzly bears in southeastern British Columbia.  Grizzly bears have been extensively studied in 

this region.  Specific to the lower reaches of the Flathead drainage in British Columbia, long-term 

research has characterized grizzly bear food habits (McLellan and Hovey 1995), habitat 

relationships (McLellan and Hovey 2001a), population dynamics (McLellan 1989), natal dispersal 

(McLellan and Hovey 2001b) and response to some types and levels of human activity (McLellan 

and Shackleton 1988a,b, 1989).  Further to the north, an ongoing effort has monitored space use 

and movements of adult grizzly bears in and around the lower Elk Valley and Highway-3 

transportation corridor.  This latter study has been to address multiple objectives that include 

spatial/temporal responses by grizzly bears to a wide range of human activity types and levels, 

with inferences relevant to the maintenance and enhancement of population connectivity (Apps et 

al. 2007a).   

The Flathead and lower-Elk/Hwy-3 study areas are not contiguous.  They are separated by 

the upper reaches of the Flathead drainage and that portion of the lower-Elk drainage that lies 

south and west of Highway 3 (Figure 10).  This zone was excluded from animal capture efforts of 

both studies, and the area is therefore poorly represented within grizzly bear location databases.  

Yet, for resource management in the area, there is a need to understand season-specific grizzly 

bear habitat relationships and to derive predictions of habitat quality across this and other 

landscapes of the southern Canadian Rocky Mountains.   

In this chapter, we pool data across the above two study areas to characterize grizzly bear 

response to spatial attributes at each of four scales.  We then derive season-specific predictions 

of habitat quality that integrate across these scales.  While it was not our intent to test explicit 

hypotheses, we did evaluate the relative importance of a suite of factors that potentially influence 

or indicate grizzly bear habitat preference.  We expect that our results will provide decision-

support for local environmental assessment.  Predictive outputs may serve to minimize and 

mitigate potential impacts of industrial resource extraction by prioritizing landscapes according to 

seasonal value for both foraging and movement by grizzly bears. 
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MODELING AREA & DATA 

The regional study and modeling area is as described in Section 1.  Within this region, 

location data were collected from grizzly bears wearing either VHF or GPS collars and captured 

within two disjunct study areas (Figure 10).  Details of these datasets are provided in Section 2.  

We excluded ground-based VHF locations from analyses because we considered these data to 

be potentially biased with respect to human access and associated landscape conditions.   

As detailed in Section 2, we post-processed GPS data to screen for unacceptable spatial 

error.  For analyses described in this section, we also modified the dataset to account for inherent 

habitat-induced bias in GPS fix-success (Rempel et al. 1995, Dussault et al. 1999) using multiple 

imputation (Frair et al. 2003).  As a result, 27% of our total GPS location dataset was based on 

inference from successful fixes. 

 

ANALYTICAL METHODS 

Analysis Stratification 

Because the two study areas did not correspond to obvious and distinct ecological zones, 

we chose to pool data among them for analysis.  Also, our data were derived from a large animal 

sample, and we therefore did not consider variation in habitat relationships among individuals.  

Specifically, we designed our analysis in accordance with Thomas and Taylor’s (1990) Study 

Design 2, with inferences relevant at the population level.  We did not otherwise constrain our 

analyses within any specific habitat condition. 

Grizzly bears typically exhibit distinct seasonal patterns of food habits and associated 

habitat preferences.  We therefore stratified our analyses into 2 seasons based on changes in 

grizzly bear diet (McLellan and Hovey 1995).  The “pre-berry” season spanned the period from 

den emergence (April) to 31 July, and the “post-berry” season occurred from 1 August to denning 

(November).   

 

Predictive Covariates and Multi-scale Design 

Our explanatory variables were as described in Section 2.  Specifically, they included 

Landsat-derived vegetation conditions, forest conditions, terrain attributes, and human linear 

features and access.  We employed a scale-dependent design that involved four levels of 

analysis (see Section 2).   



Grizzly Bear Habitat Selection & Suitability  

Evaluating & Refining Grizzly Bear Forest Buffer-Habitat Management Guidelines   ￭   March 2008 

 
33

 
 
Figure 10.  Flathead (south) and Highway-3/Elk-Valley (north) study areas and data distribution in the 
southern Canadian Rocky Mountains of southeastern British Columbia.  Data distribution reflects 
the relative proportion of data (independent by ≥1 day) within a moving area of 43 km2.  Study area 
boundaries define grizzly bear capture zones, within which the distribution of location data from 
resulting study animals is considered representative.  Ground-based VHF location data are 
excluded. 
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Analyses 

For each variable and at each analysis level (scale), we assessed univariate differences 

between grizzly bear used and available landscapes using t-tests.  We applied the Dunn-Šidák 

adjustment (Sokal and Rohlf 1981:242) to ensure that all univariate tests were appropriately 

conservative (resulting α = 0.0033).  We also calculated the Ivlev electivity index (Ivlev 1961) 

independently for each variable.   

Recognizing the multivariate nature of grizzly bear preference for landscape composition, 

we analyzed grizzly bear habitat associations in the context of multiple predictors.  At each of the 

four spatial scales, we independently derived probabilistic resource selection functions (Manly et 

al. 2002), evaluating multivariate differences between selected landscapes and respectively 

available areas using logistic regression (Hosmer and Lemeshow 2000).  Model outputs reflected 

the probability that any given site represents grizzly bear habitat in the context of available 

landscape conditions.  Our goal was to describe and predict grizzly bear habitat selection based 

on meaningful variation among explanatory variables.  We thus screened variables for 

multicollinearity by examining linear regression tolerance statistics (Menard 1995) among 

variables.  Where problematic collinearity occurred (tolerance < 0.2; Menard 1995), we used 

Pearson correlation coefficients to identify offending variables.  Of highly correlated pairs, 

variables that were less significant in univariate analyses across scales were excluded from 

multivariate modeling. 

We used information-theoretic methods (Burnham and Anderson 2002) with Akaike’s 

Information Criterion (AIC; Akaike 1973) to rank all possible parameter-subset models in terms of 

parsimony and prediction.  We further evaluated goodness of fit and predictive power using an 

adjusted coefficient of determination (Nagelkerke 1991), and the area under the relative operating 

characteristic curve (Pearce and Ferrier 2000) or c statistic (Norusis 1999), which is the 

proportion of paired cases between the 2 groups in which a higher probability is assigned to 

cases where the event (i.e., grizzly bear habitat use) has occurred.  To account for model 

uncertainty, we used Akaike weights to average parameter coefficients among all competing 

models according to the β%  (shrinkage) estimator (Burnham and Anderson 2002), such that 

model contribution was proportional to the evidence that each is best fit to the data.  The result of 

model averaging in this way is often greater precision and sometimes reduced bias relative to the 

single best model, and this approach is therefore appropriate where prediction is the primary 

objective (Anderson et al. 2000, Anderson and Burnham 2002, Burnham and Anderson 2002).  

Using the resource selection function equation (Manly et al. 2002), we applied each 

season- and scale-specific model to the study area using algebraic raster overlays.  Following 

Apps et al. (2007b), we then combined scale-specific models (i.e., levels 1 – 4) such that the final 
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output reflected the minimum habitat selection probability value across scales.  Thus, we arrived 

at a “nested” model for each season, with predictions at broader scales overriding those at finer 

scales as is consistent with the concept of hierarchical habitat selection (Johnson 1980, Senft et 

al. 1987, Morrison et al. 1998, Weisberg et al. 2006).  At the broadest scale, we constrained 

spatially-explicit predictions using a preliminary model of grizzly bear population distribution (Apps 

et al. 2007a).   

    

RESULTS 

Pre-Berry Season 

Univariate habitat selection by grizzly bears differed significantly from zero for most 

variables during the pre-berry season.  However, the strength and direction of these relationships 

varied across scales (Figure 11).  During the pre-berry season, the top (∆AIC < 2) competing 

models among all-possible parameter subsets collectively accounted for 60% (level 1), 38% (level 

2), 72% (level 3), and 36% (level 4) of multi-model weights (Table 7).  Standardized coefficients 

indicate the relative contribution of each variable in predicting grizzly bear habitat selection during 

the pre-berry season (Table 8, Figure 12).  SLOPE was a moderate positive predictor at broader 

scales, and SLOP_POS had a moderate positive influence at levels 3 and 4.  HYDRO was a 

strong positive predictor at level 2.  Forest age variables were differentially relevant across 

scales.  The variables SHB_FORB and SHB_FRST were relatively strong positive predictors 

across most scales.  The BVI was a negative predictor of increasing relevance toward finer 

scales.  Of lesser importance, the WVI was mostly negative at finer scales.  The GVI was an 

important predictor at levels 1 – 3, but was only positive at level 2, and the correlated NDVI was a 

more relevant positive predictor at level 4.  The correlated variables ACCESS and ROADS were 

relevant at broader scales, with ACCESS being a negative predictor at level 1 and ROADS 

having a strong negative influence at level 2.    
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Figure 11.  Univariate habitat selection by grizzly bears during the PRE-BERRY season in the 
southern Canadian Rocky Mountains.  Shown are univariate selection indices and associated 
changes specific to landscape composition from broadest (level 1) to finest (level 4) spatial scales 
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Figure 11.  Continued. 
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Table 7.  Top competing models (∆AIC < 2) among all-possible parameter subsets of factors influencing grizzly bear habitat selection during the PRE-
BERRY season in the southern Canadian Rocky Mountains of southeast British Columbia.  Models are ranked according to Akaike Information 
Criterion (AIC).  Variables are indicated in vertical text.  Akaike weights (w) indicate the contribution of each to multi-model inference of parameter 

coefficients.  Model fit is indicated by the coefficient  of determination ( 2R ).  A constant is included in all models. 
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Level 1 
1 X X X X X X X X X 78.5 0.17 0.00 0.104
2 X X X X X X X X X X 78.4 0.17 0.41 0.085
3 X X X X X X X X X X 78.5 0.17 0.46 0.082
4 X X X X X X X X X X 78.3 0.17 0.70 0.073
5 X X X X X X X X 78.8 0.17 0.98 0.064
6 X X X X X X X X X X X 78.5 0.17 1.39 0.052
7 X X X X X X X X X X X 78.2 0.17 1.46 0.050
8 X X X X X X X X X 78.6 0.17 1.49 0.049
9 X X X X X X X X X X X 78.6 0.17 1.74 0.044

Level 2 
1 X X X X X X X X X 58.1 0.033 0.00 0.075
2 X X X X X X X X X X 58.1 0.033 0.17 0.069
3 X X X X X X X X X X 58.1 0.033 0.87 0.049
4 X X X X X X X X X 58.5 0.033 1.09 0.043
5 X X X X X X X X X X 58.1 0.033 1.29 0.039
6 X X X X X X X X X X 58.4 0.033 1.34 0.038
7 X X X X X X X X X X X 58.0 0.034 1.35 0.038
8 X X X X X X X X X 58.6 0.033 1.78 0.031

 
Continued… 
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Table 7.  Continued. 
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Level 3 
1   X X X X X X X X X X X 62.0 0.13 0.00 0.323
2 X X X X X X X X X X X X 62.1 0.13 0.33 0.274
3 X X X X X X X X X X 62.0 0.13 1.96 0.121

Level 4 
1 X   X   X X X X   X X   75.5 0.16 0.00 0.043
2 X X X X X X X 74.1 0.16 0.26 0.038
3 X X X X X X X X X 75.7 0.16 0.46 0.034
4 X X X X X X X X X 75.5 0.16 0.50 0.034
5 X X X X X X X X X 75.1 0.16 0.97 0.027
6 X X X X X X X X X X 75.8 0.16 1.25 0.023
7 X X X X X X X 74.4 0.16 1.45 0.021
8 X X X X X X X X 75.5 0.16 1.74 0.018
9 X X X X X X 75.5 0.16 1.81 0.018
10 X X X X X X X X 74.1 0.16 1.81 0.018
11 X X X X X X X 75.7 0.16 1.83 0.017
12 X X X X X X X X X X 75.0 0.16 1.90 0.017
13 X X X X X X X X X 75.8 0.16 1.91 0.017
14 X X X X X X X X X X 75.2 0.16 1.98 0.016
15 X   X   X X X X   X X X 75.5 0.16 1.99 0.016

 
a GVI at levels 1 – 3; NDVI at level 4. 
b ACCESS at level 1; ROADS at levels 2 – 4.
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Table 8.  Standardized logistic regression coefficients predicting grizzly bear habitat selection during 
the PRE-BERRY season in the southern Canadian Rocky Mountains of southeast British Columbia.  
Results are based on Akaike-weighted averaging of all-possible parameter subset models.   
 

Level 1 Level 2 Level 3 Level 4 
Variable   β S.E.  β S.E.  β S.E.   β S.E. 
SLOPE 0.116 0.061 0.025 0.018 0.010 0.010 -0.047 0.000
SLOP_POS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HYDRO 0.227 0.064 0.199 0.027 0.020 0.007 0.015 0.000
FOR_1-2 -0.026 0.025 0.090 0.033 -0.033 0.017 0.000 0.000
FOR_3-6 0.147 0.065 -0.028 0.014 0.158 0.000 -0.032 0.000
FOR_7-9 -0.554 0.052 0.024 0.015 -0.037 0.019 -0.048 0.000
SHB_FRST 0.953 0.076 0.099 0.031 0.481 0.013 0.006 0.005
SHB_FORB 0.953 0.096 0.164 0.044 1.079 0.025 0.068 0.014
BVI -0.019 0.020 -0.096 0.027 -0.372 0.031 -0.112 0.036
WVI 0.213 0.077 -0.070 0.031 -0.291 0.026 -0.133 0.017
GVI -0.779 0.096 0.106 0.040 -0.349 0.030 0.000 0.000
NDVI 0.000 0.000 0.000 0.000 0.000 0.000 0.048 0.020
ACCESS -0.273 0.056 -- -- -- -- -- -- 
ROADS   -- --  -0.214 0.033  -0.020 0.010   0.000 0.004
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Figure 12.  Comparison among standardized multi-model coefficients (±SE) predicting grizzly bear habitat selection during the PRE-BERRY season in the 
southern Canadian Rocky Mountains, southeast British Columbia.  Scales differ among levels. 
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Post-Berry Season 

Univariate habitat selection by grizzly bears differed significantly from zero for most 

variables during the post-berry season.  However, the strength and direction of these 

relationships varied across scales (Figure 13).  During the post-berry season, the top (∆AIC < 2) 

competing models among all-possible parameter subsets collectively accounted for 52% (level 1), 

38% (level 2), 72% (level 3), and 36% (level 4) of multi-model weights (Table 9).  Standardized 

coefficients indicate the relative contribution of each variable in predicting grizzly bear habitat 

selection during the pre-berry season (Table 10, Figure 14).  SLOPE was a moderate positive 

predictor at the broadest scale.  HYDRO was a weak positive predictor at level 2.  Forest age 

variables were differentially relevant at broader scales, with mid- to late-successional stands 

(FOR_3-6, FOR_7-9) negatively predicting habitat selection and recently cut and immature 

stands playing a positive role at level 2.  The variables SHB_FORB and SHB_FRST were mostly 

of moderate to strong positive influence at levels 1 – 3, with SHB_FORB being particularly 

predictive at level 3.  The BVI was a moderate negative predictor at levels 2 and 3.  The WVI was 

also a moderate to strong negative predictor across scales.  The GVI was a strong positive 

predictor at level 2 but was moderately negative at levels 1 and 3, while the correlated NDVI was 

a highly relevant positive predictor at level 4.  The correlated variables ACCESS and ROADS 

were relevant at broader scales, having moderate to strong negative influence at levels 1 and 2.    
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Figure 13.  Univariate habitat selection by grizzly bears during the POST-BERRY season in the 
southern Canadian Rocky Mountains.  Shown are univariate selection indices and associated 
changes specific to landscape composition from broadest (level 1) to finest (level 4) spatial scales. 
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Figure 13.  Continued. 
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Table 9.  Top competing models (∆AIC < 2) among all-possible parameter subsets of factors influencing grizzly bear habitat selection during the POST-
BERRY season in the southern Canadian Rocky Mountains of southeast British Columbia.  Models are ranked according to Akaike Information 
Criterion (AIC).  Variables are indicated in vertical text.  Akaike weights (w) indicate the contribution of each to multi-model inference of parameter 

coefficients.  Model fit is indicated by the coefficient  of determination ( 2R ).  A constant is included in all models. 
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Level 1 
1 X X X X X X X X X X 80.2 0.21 0.00 0.219
2 X X X X X X X X X 80.2 0.21 1.11 0.126
3 X X X X X X X X X 79.3 0.20 1.81 0.088
4 X X X X X X X X X X X 80.3 0.21 1.83 0.088
5 X X X X X X X X X X X 80.3 0.21 2.00 0.080
6 X X X X X X X X 79.4 0.20 2.52 0.062
7 X X X X X X X X X X 80.4 0.21 2.91 0.051

Level 2 
1 X X X X X X X X X 61.3 0.04 0.00 0.283
2 X X X X X X X X X X 61.1 0.04 1.02 0.170
3 X X X X X X X X X X 61.2 0.04 1.94 0.107

 
Continued… 

 
 
 
 
 
 
 
 



Grizzly Bear Habitat Selection & Suitability  

Evaluating & Refining Grizzly Bear Forest Buffer-Habitat Management Guidelines   ￭   March 2008 

 
46

Table 9.  Continued. 
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Level 3 
1 X X X X X X X X X X X X 60.5 0.08 0.00 0.669
2 X X X X X X X X X X X 60.3 0.08 1.73 0.282

Level 4 
1   X X         X X X     49.9 0.00 0.00 0.023
2 X X X X 50.2 0.00 0.15 0.022
3 X X X X X X 50.1 0.00 0.52 0.018
4 X X X X X 50.4 0.00 0.80 0.016
5 X X X X X X 49.9 0.00 1.37 0.012
6 X X X X X 50.3 0.00 1.52 0.011
7 X X X X 50.4 0.00 1.52 0.011
8 X X X X X 50 0.00 1.54 0.011
9 X X X X X 50.4 0.00 1.56 0.011
10 X X X X X X 50.1 0.00 1.57 0.011
11 X X X X 50.7 0.00 1.57 0.011
12 X X X X X X X 50.2 0.00 1.72 0.010
13 X X X X X X 50.6 0.00 1.73 0.010
14 X X X X X X 49.8 0.00 1.85 0.009
15   X X       X X X X     49.9 0.00 1.91 0.009

 
a GVI at levels 1 – 3; NDVI at level 4. 
b ACCESS at level 1; ROADS at levels 2 – 4.
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Table 10.  Standardized logistic regression coefficients predicting grizzly bear habitat selection 
during the POST-BERRY season in the southern Canadian Rocky Mountains of southeast British 
Columbia.  Results are based on Akaike-weighted averaging of all-possible parameter subset 
models.   
 

Level 1 Level 2 Level 3 Level 4 
Variable   β S.E.  β S.E.  β S.E.   β S.E. 
SLOPE 0.626 0.101 -0.020 0.018 -0.111 0.022 0.000 0.000
SLOP_POS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HYDRO 0.069 0.040 0.064 0.025 0.035 0.009 0.017 0.000
FOR_1-2 -0.009 0.020 0.090 0.033 -0.053 0.018 0.000 0.000
FOR_3-6 0.346 0.063 -0.101 0.026 0.022 0.000 0.000 0.000
FOR_7-9 -0.790 0.051 -0.185 0.027 -0.062 0.019 0.000 0.000
SHB_FRST 0.915 0.078 0.175 0.033 0.382 0.013 0.000 0.002
SHB_FORB 0.397 0.084 0.002 0.013 0.874 0.025 -0.012 0.007
BVI 0.000 0.020 0.005 0.015 -0.250 0.031 -0.027 0.022
WVI -0.173 0.060 -0.211 0.035 -0.163 0.026 -0.059 0.017
GVI -0.435 0.079 0.253 0.035 -0.298 0.015 0.000 0.000
NDVI 0.000 0.000 0.000 0.000 0.000 0.000 0.096 0.021
ACCESS -0.611 0.083 - - - - - - - - - - - - 
ROADS   - - - -  -0.169 0.033  -0.034 0.011   -0.007 0.002
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Figure 14.  Comparison among standardized multi-model coefficients (±SE) predicting grizzly bear habitat selection during the POST-BERRY season in the 
southern Canadian Rocky Mountains, southeast British Columbia.  Scales differ among levels. 
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DISCUSSION 

Grizzly Bear Habitat Relationships 

Grizzly bear habitat relationships have been extensively researched in Rocky Mountain 

ecosystems (e.g., Mace et al. 1996, Waller and Mace 1997, Mace et al. 1999, McLellan and 

Hovey 2001, Apps et al. 2004, Nielsen 2004, Herrero 2005).  However, few studies have explicitly 

considered the influence of spatial scale in understanding probable requirements or in predicting 

habitat quality.  At broader scales, our results suggest that grizzly bears select for and/or are 

persisting in landscapes with conditions that tend to inhibit human access and habitation.  These 

conditions involve relatively steep and rugged terrain, with low road densities and remoteness 

from human population centers, findings that are consistent with factors documented to influence 

grizzly bear population distribution (Apps et al. 2004).  However, suitable foraging habitats is also 

apparently relevant at broader scales, and both open forb/shrub and open forest/shrub habitats 

were clearly important predictors at levels 1 – 3.  Although grizzly bear food habits vary by 

season, open habitats tend to support concentrations of many plant foods preferred by grizzly 

bears in our area regardless of season (McLellan and Hovey 1995).  Some spring foods such as 

horsetails (Equisetum arvense) are often associated with forested riparian habitats; however, 

hydrological features influenced habitat selection only at level 2 but not at finer scales.  Granted, 

water courses may in fact be a poor surrogate for true riparian conditions, but our defined pre-

berry season did also encompass a broad time frame across which grizzly bears are known to 

use a diversity of foods and habitats.   

In our models of grizzly bear habitat preference, forest overstorey factors varied in terms of 

strength and direction of predictive relationships.  The distribution of recently harvested or 

regenerating stands was a moderate positive predictor at level 2 only, which may reflect the value 

of natural or human-caused forest disturbance in promoting the growth of fruiting shrubs (Zager 

1980, Waller 1992) and/or in influencing ungulate densities (Geist 1998).  Our results are 

equivocal with respect to the role of mid-successional stands, since the direction of this 

relationship changed at each successive scale.  With the exception of level 2, old-forests 

represented a predictor that was consistently negative across scales.  The fact that this 

coefficient was moderately positive at level 2 but negative at level 4 is consistent with a 

preference by grizzly bears for remote landscapes with relatively little road access (and the 

logging with which it is typically associated) but an active selection for open habitats within these 

landscapes.  In this context, open habitats are often associated with avalanche chutes supporting 

concentrations of preferred bear plant foods (Waller and Mace 1995, Ramcharita 2000, McLellan 

and Hovey 2001). 

Vegetation indices derived from remotely sensed imagery have often been used in the 

evaluation and modeling of grizzly bear habitat, with most such studies documenting a positive 
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predictive relationship between the green vegetation index (GVI) and grizzly bear habitat 

preference (Mace et al. 1999, Stevens 2001, Nielsen 2004).  Our results revealed, however, that 

the relationship between grizzly bear habitat and vegetation productivity and related indices is in 

fact scale-dependent.  At level 1, we found that high GVI values contributed negatively in the 

prediction of grizzly bear habitat, consistent with Apps et al. (2004) who found a similar univariate 

relationship between GVI and grizzly bear population distribution.  At the finest scale, the 

normalized difference vegetation index (NDVI), which is highly correlated with the GVI, proved to 

be a more powerful positive predictor, reflecting the importance of plant-food concentrations in 

the context of broader-scale landscape selection. 

We have observed that higher values of the bright vegetation index (BVI) are associated 

with xeric, barren or rocky habitats.  Despite the association of grizzly bear distribution with 

relatively rugged, rocky terrain (Apps et al. 2004), barren habitats rarely support grizzly bear 

foods.  Hence, this factor’s negative coefficient becomes stronger at successively finer scales.  

The wet vegetation index reflects variation in site moisture as a result of macro- and micro-

climatic variation.  A moist macro-climate is likely to enhance grizzly bear plant food productivity, 

which may explain the positive role of this factor at level 1.  But at finer scales, optimal conditions 

are likely mesic rather than hygric, which may explain the negative influence of this variable at 

finer scales.      

 

Modeling Methods 

Our analysis and modeling approach builds on established scale-dependent methods 

(Apps et al. 2001) that result in a single predictive function that spans spatial scales.  However, 

the approach we applied involved the derivation of independent scale-specific models that were 

weighted equally in a final nested output that integrates predictions across scales (sensu Apps et 

al. 2007b).  We see several advantages to this revised approach.  First, considering that broader-

scale predictions override those at finer scales (i.e., prediction is constrained by the minimum 

probability value at successively broader scales), the validity of prediction for a given site may be 

less sensitive to changes in local conditions than with previous modeling approaches.  Second, 

finer-scale covariates generally do not compete well with those at broader scales in model 

selection, primarily because errors in habitat inventories and measurement of habitat use (animal 

locations) increases at finer scales, as does inherent variability in animal movements and habitat 

use due to lower energetic requirements at successively shorter movement distances (consistent 

with optimal foraging theory; Stephens and Krebs 1986).  This is particularly relevant where 

sampling intervals have been relatively low (e.g., weekly VHF radiolocations) as sampling 

independence may not increase as much at finer scales as compared to datasets based on more 

intensive sampling (e.g., GPS locations with daily to hourly intervals).  As a result, single 
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predictive functions derived from measured relationships across scales are generally biased 

toward broader-scale predictors.  Yet, despite greater uncertainty in the strength of relationships, 

fine-scale predictions can be highly important for informing management actions.  Our revised 

approach integrates predictions across scales without consideration to differences in predictive 

confidence at each modeling scale, producing spatial output that can be applied at different 

planning levels.   

 

Implications and Caveats for Management and Decision-support 

The best-fit multivariate models we describe can efficiently discriminate between the 

conditions of landscapes preferred by grizzly bears and those in a larger available area.  

Integrated across scales, the models therefore are useful predictors of grizzly bear habitat quality 

and distribution across the analysis area (Figures 15 & 16).  However, we caution that predictions 

extrapolated beyond the existing study areas/capture zones are provisional and should be treated 

as such.  Prior to their application in the support of resource management and mitigation 

decisions, these extrapolated predictions should be tested and potentially refined based on 

representative data collected from bears residing within extrapolation areas.  Notwithstanding this 

qualification, model outputs may be applied to support resource management planning from 

strategic to operational levels.  That is, outputs can support environmental assessment decisions 

regarding the development and/or protection of resources pertaining to grizzly bear habitat quality 

and effectiveness.  Where landscapes are subject to industrial activity, the models may illuminate 

best mitigation options to minimize and/or offset development impacts.   

Our sampling was of course conducted within landscapes known to be occupied by grizzly 

bears.  Thus, even our broadest-scale predictions cannot be considered to reflect factors that 

potentially influence grizzly bear persistence and distribution.  Hence, caution must again be 

exercised in model extrapolation to landscapes where grizzly bear residency is uncertain.  To 

address this concern, we have (as described) constrained our predictive outputs using a 

preliminary model of grizzly bear population distribution.  However, the dataset on which this 

population distribution model is based is associated with some limitations.  We advocate that 

grizzly bear abundance and distribution be analyzed with updated methods and a recently 

available database of DNA-based grizzly bear detections across the region (G. Mowat, Ministry of 

Environment, unpubl. data), and that resulting spatial predictions be used as the broadest-scale 

constraint to model outputs presented herein.     
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Figure 15.  Spatial extrapolation of a PRE-BERRY grizzly bear habitat selection model for the Elk and 
Flathead Valleys of the southern Canadian Rocky Mountains, nested across four spatial scales. 
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Figure 16.  Spatial extrapolation of a POST-BERRY grizzly bear habitat selection model for the Elk 
and Flathead Valleys of the southern Canadian Rocky Mountains, nested across four spatial scales. 
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