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1.0 Introduction 

The management of grizzly bears (Ursus arctos) and their habitat is a high profile conservation 
issue in British Columbia.  Because grizzly bears are sensitive to human activity, there is 
considerable concern about the rapidly expanding development of forest and mineral resources in 
western Canada.  Intense public concern regarding B.C.’s grizzly management practices occurs 
at the international, national, provincial and local level.  In 1991 the Committee on the Status of 
Endangered Wildlife in Canada listed the grizzly bear as vulnerable.  In B.C., grizzly bears are a 
blue-listed species (vulnerable).  The B.C. Forest Practices Code requires that the needs of red 
and blue listed species be addressed during forest management activities. Forest companies that 
have, or are trying to obtain 3rd party environmental certification for their products must 
implement acceptable practices to protect threatened and endangered species within their 
operating area.  Developing an understanding of the nature of habitat loss and fragmentation will 
be crucial to the development of sound management practices for grizzly bears that inhabit these 
landscapes.   
 
Habitats for grizzly bears can be modeled statistically using resource selection functions (RSF; 
Manly et al. 1993) facilitated by applications of geographical information systems (GIS; Mace et 
al. 1996, 2000).  RSF offers a statistically rigorous way to quantify bear use of the landscape 
through a use versus availability analysis using multiple logistic regression. Further we 
characterize habitat use by calculating resource selection ratios, which are the proportion used 
over the proportion available.  The objective of this paper is to update the plateau model 
presented last year (Ciarniello, Boyce and Beyer 2001).  In doing this we aim to predict areas 
with higher probabilities of grizzly bear occurrences as well as to examine whether or not these 
results were consistent with our knowledge of grizzly bear use of the study area.  
 
2.0 Methods 

Resource Selection Functions reflecting the relative probability of use of a covariate were 
estimated using conditional fixed-effects logistic regression. We employed a Design 3 (Manly et 
al. 1993), third-order selection (Johnson 1983) study design at the population level because the 
entire study boundary extent was likely occupied by grizzly bears.  In this design, individual 
animals were identified and availability was censuses for each animal.  For last years RSF model 
we employed a Design 2, where random points are not assigned to use points.  In a Design 3, 
choice sets of random points are assigned to animals making the design a bit more conservative.  
Bear locations gathered during 1998 to 2002 (n=1,048) along with 25,058 randomly generated 
computer points were overlaid on map images using a Geographic Information System (GIS; Arc 
Info).  Only locations for which we were confident of the position of the animal were used in 
analysis.  Repeat locations, for example multiple den-site locations, were removed from analysis.  
In addition, if a family group was collared (e.g., GF35, GM36 and GF37) only the locations of 
the mother were included.   
 
2.1 Mapping Procedures 
New map sheets were ordered for these analyses and GIS databases were updated with the latest 
layers.  Digital elevation maps were built from terrain resources inventory map (TRIM2; British 
Columbia Ministry of Land, Air and Water Protection) images and were used to obtain elevation, 
slope, and aspect data for bear use and random locations.   Landsat 5 TM images were obtained 
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from Spatial Mapping (on behalf of Canadian Forest Products Ltd. and the BC Ministry of 
Forests).  Erdas Imagine was used for all image processing.  Forest Cover Maps (FCM) and road 
networks were obtained from the BC Ministry of Forests, Canfor East, Canfor West, the Pas 
Lumber, and Slocan Forest Products Ltd.  These map layers were amalgamated and used to 
obtain the habitat type, stand age, distance to roads, and type of road information.  Vegetation 
Resources Inventory data was obtained from Canfor West and applied to areas where it existed.  
 
2.2 Habitat Covariates 

The GIS map layers provided us with a number of possible covariates, however, we were only 
interested in those deemed to be biologically relevant to bears.  Once biologically relevant 
covariates were identified, we began collapsing the classes in order to minimize the number of 
covariates in the model (Table 1).  Forest cover classes are provided by percents in the databases.  
We combined these percents into 10 primary land-cover categories: ACATEP (cottonwood, 
aspen, and common paper birch), BBABL (subalpine and balsam fir), FDHWL (Douglas fir), 
Hemlock (HCW), SSW (spruce species and white spruce), SB (black spruce), PL (pine species), 
Alpine Larch (mountains only), NFM (non-forested mountain) and NFP (non-forested plateau).  
Non-forested plateau included those habitats of non-commercial value, such as non-commercial 
brush, non-productive brush, shrubs, and non-productive forest.  Thus, the majority of non-
forested plateau habitats were those related to riparian areas.   
 
The second way we combined land-cover classes was to only assign the predominant class 
(FORPRIM), making the covariate presence/absence rather than a percent as with the 
PFORCL1-8.  In addition, this classification was thought to make it easier to determine the types 
of non-forested-plateau in which bears were located (e.g., shrubs and meadows versus the 
lumped category of non-forested plateau).  In order to assign categories, we first examined the 
percent cover and all locations with a predominant tree stand were assigned to that category.  For 
example, if a queried point was 60% spruce, 20% pine, and 20% Douglas fir, it received a 
presence in the ‘spruce’ category only.  However, if a queried point did not fall within one of 
these forest types we used the non-forest and the non-productive descriptors to assign a category.  
Table 1 outlines the categories we made from these descriptors.  Because some of these 
categories were only applicable to the mountainous landscape, they were omitted from the 
update of the plateau RSF model.  
 

Table 1. Possible Covariates in the Model 
Habitat and Topographic Related Layers:   
PFORCL1-8 Proportion of forested land for each forest class (%, in 10% increments) 
 Mixed wood/deciduous ACATEP  
 True firs BBABL  
Low Plt Hemlock HCW  
 Spruces SSW   
 Black Spruce Black spruce/larch/tamarack 
 Pine Pine   
 Douglas Fir Douglas Fir  
 Non-forested plateau Non-productive & non-forest descriptors 
Omitted Plt Non-forested mtn Non-productive & non-forest descriptors 
Omitted Plt Alpine Larch Alpine Larch  
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Habitat and Topographic Related Layers, Continued: 
FORPRIM Primary (dominant) forest class, and for nonforested cells the nonforest code. 
 Mixed-wood AC Cottonwood  
  ACT Cottonwood  
  AT Aspen  
  DR Red Alder  
  E Birch species general  
  EP Paper Birch  
 True Firs B True Fir  
  BA Amabalis Fir  
  BL Alpine Fir  
  SE Engelmann Spruce  
Omitted Plt Cedar/Hemlock CW Western Red Cedar  
  H Hemlock  
  HM Mountain Hemlock  
  HW Western Hemlock  
 Spruce S Spruce  
  SS Sitka Spruce  
  SW White spruce  
  SX Spruce ?  
 Black Spruce L Larch  
  LT Tamarack  
  LW Western Larch  
  SB Black spruce  
 Pines PA White bark pine  
  PL Lodgepole pine  
  PW Western white pine  
 Douglas Fir FD Douglas Fir  
  FDI Douglas Fir  
Omitted Plt Alpine Larch LA Alpine larch  
Omitted Plt Alpine A alpine NPFD Codes 
Omitted Plt Alpine forest AF alpine forest NFD Code 
 Meadow C clearing  
  M meadow  
  OR open range  

Omitted Plt 
Rock/bare 
ground CL clay bank  

  G gravel bar  
  GR gravel pit  
  MUD mud flat  
  R rock  
  SAND sand  
 Shrub NP non productive  
  NPBR non productive brush  
  NPBU non productive burn  
  NC non-commercial  
  NCBR non-commercial brush  
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Habitat and Topographic Related Layers, Continued: 
  NSR not sufficiently restocked 
 Swamp SWAMP swamp  
 Urban U urban  
FOR_CRC Forest crown closure (%, 10% increments) 
GRN Calibrated greenness  
ELEV Elevation (meters)  
FOR_HGT Forest height (meters)  
HSHD Hillshade value (azimuth: 225, sun angle: 45)  
SLOPE Slope, in degrees  
AGECL1 Young 0 to 45 years  
 Mature 46 to 99 years  
 Old 100+ years  
     
Road Layer Information    
DCUT98 to 02 Distance to cutblock (meters) for each year. 0=inside cutblock. 
RDDIST1-5 Distance to nearest road   

 
2.3 Forest Age Classes 
Forest cover maps provide a projected age for all commercial forest types.  From these projected 
ages forests were classified into the following categories: young (0 to 45 years), mature (46 to 99 
years), and old (>100 years).  However, habitats of non-commercial value do not contain age 
information in the GIS database.  Therefore, if an age class was not assigned we again went to 
the non-productive and non-commercial descriptors to gain information regarding these land-
cover types.  From these, we classified shrub, meadows, non-commercial brush, non-productive 
brush, and swamps in the ‘young’ age class.    
 
2.4 Hillshade 
Aspect and slope were used to calculate hillshade values.  Aspect was set at 225° while degree 
slope was set at 45°.  Southwest slopes receive high hillshade values while northeast slopes 
correspond to low hillshade values.  In the transformation, negative coefficients indicate 
selection for cooler, northeast aspects, while positive coefficients reflect selection for warmer 
southwest aspects.    
 
2.5 Greenness  
A tasseled-cap transformation of Landsat Thematic Mapper (TM) satellite images using Erdas 
Imagine was used to calculate greenness.  We used images from mid-August to mid-September 
with a 25 x 25 m pixel size.  The images were calibrated to each other to account for the 
difference in the date of collection.  The higher the greenness scores the more green vegetation 
present.  
  
2.6 Distance to the Nearest Road 
Road network data from FCM, TRIM, Canfor East , Canfor West, the Pas Lumber and Slocan 
Forests Products Ltd. was amalgamated into one layer and used to query the distance to the 
nearest road.  For each bear and random location the straight-line distance to the nearest road 
was calculated in GIS.  
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2.7 Candidate Models, Final Model Variables, Model Selection 
From the variables in Table 1, we again selected those we believed to be the most biologically 
relevant to bears (Table 2).    From these, we developed 7 candidate models.  Three of the 
models were built using the PFORCL1-8 class, three were built using the FORPRIM class, and 
one was built using the age classes and no forest cover related information.   
 

Table 2. Variables Included in Models 
Candidate Models Using % Forest class   
PFORCL1-8 Proportion of forested land for each forest class (%, in 10% increments)  
 Mixed wood/deciduous ACATEP   
 Spruce SSW   
 Black Spruce Black spruce/larch/tamarack   
 Pine Pine   
 Douglas Fir Douglas Fir   
 Non-forested plateau Non-productive & non-forest descriptors   
     
Candidate Models Using FORPRIM    
FORPRIM Primary (dominant) forest class, and for nonforested cells the nonforested code 
 Mixed-wood    
 Spruce    
 Pines    
 Douglas Fir    
 Shrub    
 Swamp    
 Urban    
     
Common to both sets of the models:   
AGECL1 Young 0 to 45 years   
 Mature 46 to 99 years   
 Old 100+ years   
GRN Greenness Calibrated greenness   
FOR_HGT  Forest height (meters)   
FOR_CRC  Forest crown closure (%, 10% increments)  
RDDIST1-5 Distance to nearest road    
     
Candidate Models Using PFORCL1-8    
Model 1 Include PFORCL1-8, GRN, RDDIST1-5. Excludes Age, Forest Height, & Crown Closure 
Model 2 Include PFORCL108, except No-Forest-Plt, but includes Forest Height, GRN, RDDIST1-5 
Model 3 Include PFORCL108, except No-Forest-Plt, but includes Crown Closure, GRN, RDDIST1-5 
Candidate Models Using PFROCL1-8    
Model 1 Include FORPRIM, GRN, RDDIST1-5. Excludes Age, Forest Height, & Crown Closure 
Model 2 Include FORPRIM, Forest Height, GRN, RDDIST1-5 
Model 3 Include FORPRIM, Crown Closure, GRN, RDDIST1-5. Excludes forest height. 
General Candidate Model 
Model 4 Excludes all PFORCL1-8 and FORPRIM, includes AGECL1, GRN, RDDIST1-5. 
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Prior to model construction a correlation matrix was examined for all model variables.  We used 
a cut-off of 0.45 to assess colinearity.  Therefore, correlations > 0.45 were not included in the 
same model.  We found that a number of variable were correlated with each other.  For the 
models built using PFORCL1-8 we found that non-forested plateau was correlated with young 
forests (0.5518), forest height (-0.5610), and forest crown closure (-0.4511).  Indeed, the 
majority of the land-cover types that were classified as non-forested plateau would be associated 
with lower forest height and reduced crown closure because they were primarily shrub, meadow, 
and swamp landscapes.  In addition, the majority of these landscapes were classified as ‘young’ 
age classes, likely reflecting their early serial representation.  Forest height was also correlated 
with crown closure (0.6622), in that taller trees tend to have increased crown closure.  Therefore, 
forest height and crown closure could not be used in the same model.  In addition, old-aged 
forests and forest height were also correlated (0.6981), meaning that older-aged forests have 
taller trees.   
 
The correlation matrix for FORPRIM revealed similar colinearity between forest height and 
crown closure (0.6622), young forests (-0.8822), and old forests (0.6981).  Again, forest crown 
closure was correlated with young forests (-0.6880), and old forests (-0.5801).  In addition, all 
age classes were negatively correlated with each other.  In last years model we used 0.7 as a cut-
off for colinearity.  We redefined colinearity to <0.45 for this year’s model to be more restrictive 
(i.e., accept less colinearity).  Because we changed our tolerance for colinearity, we could not 
include the age classes in these models and also include the forest land-cover types (e.g., young 
forests and non-forested plateau) because they are predicting similar attributes.   
 
Candidate model selection followed Burnham and Anderson 1998.  In this approach, we used our 
knowledge of bear biology within the plateau combined with the results of the correlation matrix 
to develop the 7 candidate models in Table 2.  In order to reduce the number of variables in the 
model we decided to eliminate elevation.  We did this because the elevational relief on the 
plateau was not as great as in other landscapes (i.e., mountains).  In addition, we did not actively 
trap animals within the ESSF and AT zones of the plateau.  Therefore, it is possible that we do 
not have a representative sample of bears from these areas – this means that selection for lower 
elevations may be an artifact of the radio-collared sample rather than true grizzly bear selection.  
Because we did not use elevation in the model, we also excluded hillshade. We wanted to 
include a representative sample of dry (pine) to wet (swamps/black spruce) habitats in the model.   
 
We used conditional fixed effects logistic regression, in which animals were identified and 
paired with random points.  This design assumes that the entire plateau study area is available to 
be used by bears.  We felt that this was a reasonable assumption as we had a number of bears 
radio-collared throughout the plateau and these animals regularly crossed Highway 97 as well as 
the Parsnip River.  In addition, bears traveled outside the study area boundary and were located 
in Fort St. James, Vanderhoof, and Houston.  The following log-linear equation was assumed to 
characterize the influence of covariates on relative use, w(x): 
 
 

w(x) = exp(β1x1 + β2x2 + β3x3…βpxp)      (1) 
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where βi are selection coefficients for each covariate, xi, for i = 1,2,. . .p, estimated using logistic 
regression.  Bear locations were the used sites, 1, while random sites were assigned 0.  Negative 
β coefficients imply avoidance, while positive coefficients imply selection.  Models were 
estimated using Stata 7.0  (Stata Corporation 2000).   
 
Model selection was based on Akaike Information Criteria (AIC; Burnham and Anderson 1998), 
in which the model with the lowest AIC score represents the most parsimonious model.  We 
validated the model using a 5-fold cross validation.  In this method, 20% of the data set is 
withheld and tested against the remaining 80%, with 5 repetitions.  Model estimates for the 
plateau were interfaced with GIS to create maps of relative probability of grizzly bear use across 
the study area.   
 
2.8 Resource Selection Ratios 
We also provided Resource Selection Ratios (Manly et al. 1993), which is the ratio of the 
proportion used to the proportion available.  In this population-level design (i.e., all animals 
pooled), use for all animals (wi) is characterized by the following form: 
 
 

)//()/()( ++= AAUUw iix                                                                          (2) 
 

 
Where )/( +UUi  refers to the proportion used of bear use locations in the ith type, while 

)/( +AAi refers to the proportion available for randomly generated locations.  If use is 
proportional to availability (i.e., no selection) then the number is approximately 1.  If use is 
greater than availability (i.e., numbers greater than 1) there is said to be selection for the 
covariate, whereas use less than availability (i.e., a number less than 1) implies avoidance.    
 
There were two covariates that we wanted to examine that could not be used in the logistic 
regression RSF model because currently they cannot be applied back to the GIS.  These were 
elevation as well as the age-related categories.    

 

 
3.0 Results  

The model with the lowest AIC score was candidate model 1, using the dominant habitat 
categories in percent (PFORCL1-8, withholding true firs and hemlocks), greenness, and distance 
to the nearest road (Figure 1).  In this model, plateau bears exhibited selection for a number of 
the land-cover classes (Table 3).  Bears selected for mixed-woods stands, spruce stands, black 
spruce/tamarack/larch stands, Douglas fir, and non-forested plateau (e.g., shrubs and NSR 
blocks).  However, they selected against pine stands.  Pine dominated stands are typically much 
dryer than spruce-dominated areas.  Therefore, they tend to lack the abundance of herbaceous 
vegetation suitable for grazing that our habitat plots have revealed important for bears.  In 1998 
and 1999, avoidance of pine stands was recorded on telemetry flights.  However, in 2000 an 
abundant berry crop resulted in more bears than usual using the dryer pine habitats during berry 
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season.  Therefore, use of pine forests was dependent upon the berry crop.  Furthermore, 
selection for pine stands likely depends upon the berry crop in the surrounding landscape.  Pine 
forests tend to contain low bush blueberries, whereas spruce forests tend to contain 
huckleberries.   
 
 
Table 3. Resource selection coefficients, stand errors, and P-values based on Wald statistics for 
the Plateau portion of the Parsnip River Study Area.  These estimates for P-values using Wald 
Statistics are conservative given our study design (Boyce et al. 2002).   
Variable ß Standard Error P-Value 
Mixed-woods +0.0064328 .0018594 0.001 
Spruce species +0.0091969 .001856 0.000 
Black spruce (wet) +0.0082136 .002821 0.004 
Pine -0.0045375 .0018555 0.014 
Douglas Fir +0.0150915 .0037536 0.000 
Non-Forested Plateau +0.0074808 .0016953 0.000 
Greenness +0.01793414 .0033081 0.000 
Distance to a road -0.0001106 .0000491 0.024 
AIC 8356.4086    
5-Fold Cross Validation 
First run rho: .89026045    
Second run rho: .87878788  
Third run rho: .9544117    
Fourth run rho: .76596099  
Fifth run rho: .90577926    
Average rho: .87904006 Significant model at alpha = ~0.002 
 
 
What is immediately apparent in Table 3 is the significant positive selection for a number of the 
land-cover types.  These selection patterns may be a reflection of the scale (i.e., landscape scale) 
of the current study design in which all bears are pooled (population level design).  Although we 
may not have had a truly random sample of bears that used the ESSF zone on the plateau, we 
likely had a representative sample of animals in the low elevation areas due to saturation 
trapping efforts in these areas.  For the study bears, we had a sample that used agricultural areas 
(i.e., those in the Salmon valley), as well as other bears that regularly used cutblocks by Bear 
Lake, along with bears who less frequently used cutblocks also by Bear Lake, a subadult male 
who made extensive use of the forests surrounding Prince George, and adult and subadult female 
who used the mixed-wood and shrub habitat adjacent to the Parsnip River; therefore, it is likely 
that the model reflects use by all of these individual animals – some are selecting for mixed-
woods along rivers edges, other mixed-wood adjacent to agricultural fields, others the Douglas 
fir dominated forests just south of the Anzac road, etcetera.  Therefore, the selection for a 
number of these land-cover types may be an issue of the scale of the analysis.  This is supported 
by the relatively small beta coefficients.  In the future, models will be run on individual animals 
with availability being defined as the animal’s home range.  It is believed that at the home range 
scale animals will show a stronger selection and avoidance of some of these habitat classes.  
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Figure 1. Map of the Relative Probability of Use Across the Plateau.  Darker areas 
represent an increased probability of use (i.e., higher RSF values).   
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Apparent selection for all but one of these land-cover types might be a reflection of limitations of 
the GIS databases.  In these databases, habitat attributes for use and random locations must be 
queried on a polygon bases, thereby obtaining the attributes associated with each polygon rather 
than the point itself.  However, polygons tend to be averages of the overall value of the feature in 
question and are not at a fine enough scale to place the bear in a small canopy opening in the 
surrounding spruce forest.  From our microsite habitat work we noticed that animals were 
selecting canopy gaps within mature and old age forests for foraging.  However, this level of 
detail is not possible to obtain from the current databases.  
 
Bears also selected for higher greenness scores.  Overall, greenness scores tend to be higher for 
young age, deciduous dominated forests (e.g., cutblocks, regenerating burns) than they are for 
mature and old growth forests.  Higher greenness scores indicate more herbaceous green 
vegetation present within the landscape.  The selection for higher greenness scores is a surrogate 
for the selection for forage items by bears.   
 
Unlike previous analyses performed, distance to the nearest road is a negative beta.  Rather than 
implying avoidance, in this case a negative beta implies selection for distances closer to roads.  
The roads layer has been significantly updated since the last RSF model and we are currently 
working on assigning the type of road into 4 primary categories: highway, primary logging, 
secondary logging, and decommissioned.  During spring, plateau grizzly bears were often 
located along decommissioned roads in cutblocks.  Indeed, these areas often had the first green-
up available to bears.  In addition, grizzly bears were known to feed on huckleberries in older-
aged regenerating cutblocks during the berry season, again by decommissioned roads because 
roads were needed to access wood in the block.  Although cutblocks were not used as much by 
bears in fall, we did note digging for the roots of dandelion and osmorhiza.  However, we rarely 
visited grizzly bear sites in cutblocks bisected by active roads.  Normally, bears were close to the 
edge of the forest in the back of blocks and the roads required 4x4 or walking access.  We 
believe that grizzly bears are selecting for closer distances to these secondary and deactivated 
roads.  However, it is likely they are avoiding the highway and active roads.  Those bears that do 
select for active roads generally end up in close proximity to humans, often resulting in mortality 
of the bear.  We are currently investigating ways to apply the type of road information back to 
the GIS database.   
 
To further examine some of the covariates in the multivariate RSF model as well as those that 
were not used in the model (e.g., age classes due to colinearity) we have provided some resource 
selection ratios.  The main advantage of a selection ratio is that they allow one to view the 
selection pattern in a graphical format.  In addition, some of the information has not yet been 
created as spatially explicit GIS layer and therefore cannot be used to create GIS maps.  A ratio 
of 1 indicates selection, and less than 1 indicates avoidance.  The ratio can be thought of as an 
odds ratio, so the higher the number the more it is selected.   
 
We included a ratio of the FORPRIM category in order to examine selection of these land-cover 
classes (Figure 2).  Figure 2 reveals a very similar selection pattern to the multivariate RSF 
model using the percent forest classes.  There was selection for mixed-wood, spruce, black 
spruce (wet), Douglas fir, with an avoidance of pine and a slight avoidance of true firs.  
However, using FORPRIM we also have selection for shrubs and swamps.  Shrubs and swamps 
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were included in the non-forested plateau category of the RSF model.  The avoidance of 
meadows on the plateau was unexpected.  This is likely a reflection of the avoidance of the large 
meadow areas, such as those adjacent to Bear Lake Provincial Park.  We did not locate bears in 
these large meadows during telemetry flights.  In addition, because GIS maps for habitat 
attributes are queried at a polygon level they are not fine enough to pick-up the selection for 
meadows that occur in canopy gaps.  Therefore, the avoidance of meadows is suspect and should 
be viewed with caution.   
 
 
 
Figure 2. Ratio of the Primary Forest Stand Classification Using FORPRIM, 1998 to 2002. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Both results (i.e., RSF model and ratios) were also fairly consistent with those recorded by the 
biologist on the telemetry flight (Table 3).  For 1998 to 2002, the biologist classified the bear in 
spruce forests (30%) the majority of the time, making the selection of spruce stand out for 
plateau bears (Table 4).  The second most common land-cover type bears were located in was 
regenerating cutblocks at 20% (cumulative total clearcut and spruce/pine plantations).  Clearcuts 
were used to represent blocks the biologist felt were less than 5 years of age, while spruce/pine 
plantations represented cut-blocks greater than 5 years of age.  In the GIS database, cutblocks 
were either classified as mixed-wood (older age stands) or shrubs depending on the age of the 
stand, and these land-cover types were selected for by bears (Figure 2).  Habitats with mesic 
attributes, such as floodplain forests and floodplain riparian, were used 17% of the time 
(cumulative total), and correspond to the category of black spruce (lumped category reflecting 
black spruce/larch/tamarack) or the category ‘shrub’ in the GIS database.  Mixed wood forest 
were the fourth ranked land-cover type used by grizzly bears (14%).  These areas often consisted 
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of older burns or cutblocks that had regenerated to deciduous dominated stands often dominated 
by cottonwoods.     
 
Table 4. Primary Land-cover Types Recorded by the Biologist on Aerial Telemetry Flights, 
1998 to 2002. 

Primary Land-cover Type Plateau Observations % Plateau 
Subalpine spruce 4 0.4 
Low elevation spruce forest 280 30.1 
Low elevation pine forest 57 6.1 
Clearcut 56 6.0 
Spruce/Pine plantation 133 14.3 
Floodplain forest 67 7.2 
Floodplain riparian 92 9.9 
Burn 2 0.2 
Active road 1 0.1 
Deactivated road 14 1.5 
Other 65 7.0 
Mixed Wood 158 17.0 
Totals 929 100.0 

 
 
We examined the selection for forest age classes in conjunction with the main forest cover 
classes to help determine if bears were selecting young, old, or mature aged stands.   Similar to 
land-cover types, use of age-related classes was fairly evenly distributed among the age classes 
(Figure 3), however, plateau bears only selected for young (0-45 yr) age- classes.  These young 
stands largely reflect the use of clear-cuts, swamps and shrubs on the plateau.  Mature and old 
growth forests were used slightly less than their availability, while urban environments were 
avoided.    The use of age-classes is also a reflection of the scale of the design as old growth 
forests are selected when only den site locations are considered.  
 

Figure 3. Ratio of Age-Related Classes for Plateau Bears, 1998 to 2002 
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Plateau bears used habitats that ranged from 623m to 1,337m with a mean of 836m (Figure 4).  
On average bear use did not differ from the average elevations available on the landscape (mean 
851m, range 586m to 1,662m).  Therefore, plateau bears used habitats at average elevation 
(836m use, 851m for available).  The study sample of plateau bears rarely used the upper portion 
of elevation available to them; however, this may be an artifact of not obtaining a representative 
sample of bears in the mountainous regions of the plateau.  The males that did make use of the 
ESSF zone on the plateau (GM8 and GM36) dropped their collars.  
 

Figure 4. Mean Elevations Used and Available to Plateau Bears, 1998 to 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We also examined the mean canopy closure at used and available sites (Figure 5).  Plateau bears 
were selecting for more open landscapes with crown closure ranging between 0 to 30%.  As the 
crown closure increased, the relative use by bears decreased.  Landscapes with crown closure 
values >60% were avoided by bears during the foraging season.    
 

Figure 5. Mean Canopy Closure for Plateau Bears, 1998 to 2002. 
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We also examined a ratio of the distance to the nearest road.  The mean straight-line distance one 
could be from a road on the plateau was 0.5 km (500m), with a minimum of 0 (i.e., right on a 
road) to a maximum of 7 km.  Therefore, one can never be more than 7 km from a road on the 
plateau.  For bear use, the mean distance from a road was 0.45 km (450m), very similar to the 
mean distance for the plateau overall (Figure 6).  Use by bears ranged from a on a road (i.e., 0m) 
to a maximum of 4.5 km from a road.   For the plateau, use was basically in proportion to 
availability within 500m of the road, which was likely a function of some plateau bears being 
attracted to the new growth along roadsides during the spring foraging season and the sheer 
volume of roads on the plateau.  Also, plateau grizzly bears have been recorded to travel along 
deactivated logging roads on a number of occasions.  From 1 to 1.5 km there was a general 
avoidance of road networks.  After 2 km preference and avoidance fluctuated above and below 
(avoidance) 1.  Roads do not appear to influence selection beyond 1.5 km, although they made 
have had an influence on the bears a priori decision to establish a home range.   
 
 
Figure 6. Grizzly Bear Locations Versus Distance to the Nearest Road for the Plateau, 1998 
to 2002 
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4.0 Discussions 

The plateau portion of the Parsnip Grizzly Bear Project provided an opportunity to examine 
bears that inhabit a landscape with many linear features.  Prior to this study, little was known 
regarding grizzly bear use of the sub-boreal plateau.  Overall, the plateau model predicted better 
across the landscape than last years RSF model.  In this model, we varied some of the modeling 
techniques – we employed a Design 3 analysis and identified random points for each animal, we 
reduced the acceptance level for colinearity to <0.45, and we gathered more use points in 2002 to 
add to the analysis.   
 
At the population level, habitat selection by grizzly bears on the plateau can be somewhat 
difficult to interpret because plateau grizzly bears were found to select for all of the land-cover 
classes in relation to their reference category of true firs, except pine forests.  However, we 
believe that the selection for a number of the land-cover types may be a reflection of the scale of 
the analysis.  We expect selection by bears to become more defined when we examine within 
home range selection versus bear use across the entire landscape.  Regardless, the model 
generally reflects our knowledge of the relative probability of use by grizzly bears across the 
plateau portion of the study area.   
 
The most problematic part of the analysis was that a number of the factors that we deemed 
biological relevant to drive grizzly bear habitat selection were not available in the GIS database.  
GIS databases were designed to reflect features important to commercial logging operations and 
therefore human use related features, such as the number of hunters that travel the roads as well 
as the times of year these roads are traveled (e.g., moose and grouse hunting season), were not 
contained within these databases.  However, it is possible that these attributes are biologically 
relevant to bears and are significantly influencing the decisions of bears that inhabit landscapes 
heavily used by humans.  In addition, the advent of all terrain vehicles allows people to get 
further into the backcountry on ‘decommissioned’ roads – bringing humans and bears into 
increased conflicts.  Those grizzly bears that survive likely do so because they know how best to 
use the landscape to avoid encounters with humans.  Indeed, 8 of the 9 bears that died on the 
plateau during the study were from human-related conflicts/causes, while the 9th bears was 
unknown causes but possible human related.  If grizzly bears are selecting for closer distances to 
roads, as the model suggests, it is imperative that human related mortality be factored into the 
models in addition to the habitat covariates.  Currently, GIS databases are set-up to reflect the 
importance to commercial logging operations and are not at a fine enough scale to adequately 
determine the factors driving selection in multiple-use landscapes.  In future analyses, we will 
examine whether scale combined with a ‘mortality risk layer’ can aid in sorting out the complex 
habitat selection by plateau bears or if more information on these bears is required.     
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