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Abstract

Grizzly bear (Ursus arctos L.) populations in Alberta are threatened by habitat loss
and high rates of human-caused mortality. Effective management and conservation
require not only an understanding of grizzly bear habitat ecology, but also spatial
depictions of these relationships. The goal of this thesis was to examine and model
habitat factors, both natural and anthropogenic, related to habitat selection, mortality, and
persistence of grizzly bears in west-central Alberta, Canada.

Contrary to most previous studies, I found grizzly bears selected clearcuts, although
patterns of clearcut use were temporally (seasonal and diurnal) and spatially (microsite,
silvicultural history, landscape metrics, etc.) dependent. Critical food resources found
within clearcuts provided an attractive alternative to natural openings and young seral
forests that were rare within the foothills. Spatial models of human-caused mortality risk
suggest, however, that use of such habitats resulted in an ecological trap situation, where
animals lacked the cues necessary to distinguish the high-risk condition. Examinations of
seasonal habitat selection among 3 sex-age classes supported a resource competition
hypothesis of habitat segregation over that of an infanticide hypothesis. Comparisons of
genetic relatedness and habitat selection further suggested that maternal-parent-offspring
rearing shaped individual habitat selection more so than genetic relatedness.

Using a 2-dimension model of habitat occupancy and mortality risk, I present a
framework for grizzly bear habitat conservation in Alberta, developing habitat indices
and relative habitat states that can be used to identify existing high-quality, secure
habitats and restore high-quality, risky habitats. Using a spatially explicit forest

simulation model, I further assessed the population viability of grizzly bears for a 100-



year period by tracking habitat indices, relative habitat states, and the status of potential
territory units for two-pass (current management) and natural disturbance-based forestry.
Road densities increased over 100 years from 0.35 km/km® to 1.16 and 1.39 km/km? for
two-pass and natural disturbance-based forestry respectively. Despite a potential 10%
increase in animal density and potential carrying capacity, effective (secure) territory
units declined by 54 to 67%. All effective territories, even by year 30, were located
within or adjacent to protected mountain parks, suggesting a substantial decline in

foothill populations.
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Chapter 1

General Introduction

Low reproductive rates and densities (large area requirements) predispose grizzly
bears (Ursus arctos L.) to being vulnerable to population decline and making their
subsequent recovery slow (Russell et al., 1998; Purvis et al., 2000). During the past
century, populations and distribution of grizzly bears have declined substantially in North
America (Figure 1-1). Losses in some regions, such as the contiguous United States and
Mexico, exceed 99% with little hope of large-scale recovery (Servheen, 1990; see
however, Pyare et al., 2004). Such declines have undoubtedly arisen from human-bear
conflict and habitat loss, as increased human densities have been well correlated with
extirpation (McLellan, 1998; Woodrofte, 2000; Mattson and Merrill, 2002). Ultimately,
the loss of large carnivores, such as grizzly bears, can lead to a decoupling of ecological
relationships, including nutrient cycling and plant growth (Pastor et al., 1993; McLaren
and Peterson, 1994; Tardiff and Stanford, 1998), behavioural modification of prey
(Berger 1999; Berger 2001), and loss of biodiversity (Berger et al., 2001). Regardless of
the potential for decoupling, the persistence of large carnivores in ecosystems is
nevertheless considered an important indicator of ecosystem health (see however,
Andelman and Fagan, 2000) and philosophically essential (Leopold, 1933; 1949). As
such, grizzly bears have been used as a focal (surrogate species) and/or flagship (majestic
and charismatic) species for conservation (Noss et al., 1996; 2002; Carroll et al., 2001).

Currently, grizzly bears are considered threatened within the contiguous United States
(Servheen, 1990) and a species of special concern in Canada (Ross, 2002). Although
Canada has witnessed the extirpation of the prairie population in parts of Alberta,
Saskatchewan and Manitoba (Figure 1-1), Canada still contains approximately 27,000
individuals over an area of 2.574 million km? in western and northwestern Canada (Ross,
2002). Canadian populations, however, are not without risk of future population decline,
thus their status as a species of special concern. Industrial, residential, and recreational
developments all threaten existing populations. This is especially relevant for
populations along the southern fringe of their distribution in British Columbia and

Alberta (McLellan, 1998; Proctor et al., 2004). In Alberta, populations have recently



been estimated at 500 animals on Provincial lands and perhaps a few hundred within
National Parks (Stenhouse et al., 2003). Although these estimates are admittedly crude,
most would agree that continual loss of critical habitat and perhaps more importantly,
high rates of human-caused mortality (Benn, 1998; McLellan et al., 1999; Benn and
Herrero, 2002), threaten the long-term persistence of grizzly bears in Alberta.

Critical to the needs of management and conservation of grizzly bears in Alberta are
assessments of the impact of industrial resource extraction (i.e., forestry, oil and gas
exploration/development and open pit coal mining) on grizzly bear habitats and
populations. More specifically, spatially explicit models (i.e., maps) that predict and
describe habitat quality, population density, mortality risk, and/or projected population
viability are needed. Although numerous studies of grizzly bear habitats in the Central
Rockies region have been completed and have added to our knowledge of local bear
ecology (e.g., Hamer and Herrero, 1987; Hamer et al., 1991; Waller and Mace, 1997,
Mace et al., 1996; 1999; Gibeau, 1998; McLellan and Hovey, 2001; Nielsen et al., 2002;
2003; Stevens, 2002; Theberge, 2002; Apps et al., 2004; Mueller et al., 2004), no single
practice or framework for guiding management and conservation of grizzly bears has
emerged. This has partially been a consequence of the nature of the species as a habitat
generalist, exhibiting a wide range of behaviours dependent on available habitats, foods,
and human activities, making it difficult to generalize local models to other populations.
Equally, however, few have attempted to integrate habitat relationships for grizzly bears
with population or demographic factors in the Central Rockies, as the species is long-
lived and difficult to study. There is no doubt that long-term collection of life history
information is needed to be gathered for understanding and monitoring of population
trends, much like what has occurred in Yellowstone (Craighead et al., 1995), but
exploiting existing data sources to make conservation recommendations also is necessary
to prevent near-future declines. Commonly, what is available to the conservation
biologist is information on animal presence or use from aerial surveys or radiotelemetry
studies and sometimes a distribution of mortality locations from government management
databases (e.g., hunting, problem wildlife, vehicle-wildlife collisions, etc.). Formulating
a process that uses these data to identify and track critical habitat conditions and

mortality, perhaps as a relative index or state, would undoubtedly provide improvements



in conservation planning and wildlife management for populations suffering decline.
This thesis attempts to address such management needs, as well as provide a general

assessment of grizzly bear habitat requirements.

Objectives

I intend to provide an analysis of the habitats of grizzly bears in west-central Alberta.
More specifically, I attempt to provide a framework for developing spatially explicit
habitat and population level tools for management and conservation of grizzly bears in
Alberta, while also examining the factors (natural and anthropogenic) leading to habitat
occupancy, mortality, and persistence for a 9,752-km’ study area (Figure 1-2) in west-
central Alberta, Canada. To accomplish this goal, I rely heavily on the resource selection
function (RSF) methods for characterizing and predicting animal-habitat (use)
relationships (Manly et al., 1993, 2002; Boyce and McDonald, 1999). As well as
providing practical applications for management and conservation of grizzly bears in
Alberta, I test some theoretical questions relating to grizzly bear habitat selection.

Chapters in this thesis, which total 9 including the general introduction and
conclusion, are organized into independent papers (i.e., paper format thesis), some of
which (chapters 2, 3, and 4) have been published. Excluding specific University of
Alberta guidelines, the format of each chapter follows that of the journal Biological
Conservation. Below I provide a brief description of each chapter following the general
introduction (chapter 1).

In chapters 2 and 3, I address the influence of clearcut harvesting on habitat use and
food resources. Specifically, I assess how silviculture, age, landscape metrics, and local
environmental site conditions (soils, elevation, etc.) influence patterns of clearcut use by
bears and the distribution of critical food resources including fruit. In chapter 4, |
examine the influence of environmental and human factors on the spatial distribution of
human-caused grizzly bear mortalities. For this, I collaborated with the East Slopes
Grizzly Bear Project (ESGBP) to model risk of human-caused mortality, ultimately for
use in the Foothills Model Forest project. In chapter 5, I test the hypothesis that sexual
segregation is responsible for habitat selection, as well as provide a more general

assessment of habitat use for 3 sex-age classes (adult female, adult male, and sub-adult



animals) in 3 food-related seasons. In chapter 6, I examine the influence of genetic
relatedness on habitat selection, testing whether relatedness alone or maternal parent-
offspring rearing (learning experiences) helps shape the selection of habitats by grizzly
bears. In chapter 7, I develop a two-dimensional habitat model for adult females by
integrating mortality results from chapter 4 with habitat selection results in chapter 5, and
present a set of habitat indices and habitat states for conservation and wildlife
management. In chapter 8, my final data chapter, I examine the projected changes in
these habitat indices and habitat states over a 100-year period of time for two forestry
scenarios (two-pass forestry vs. natural disturbance-based forestry). I also assess
population viability by estimating habitat-based animal densities, generating animal
territories for adult females, and assessing the risk of mortality per territory unit (effective
versus non-effective territory). Taken together, I believe these chapters help address the
habitat ecology, conservation, and population viability of grizzly bears in west-central
Alberta, Canada. I hope these models not only help enlighten grizzly bear management
for west-central Alberta, but also provide, more generally, a framework for grizzly bear

conservation elsewhere.



Figure 1-1. Historic (19" century, circa 1900) and current (21* century, circa 2000)
distribution of grizzly (brown) bears (Ursus arctos L.) in North America.



Alberta, Canada

-

Legend

8 Towns

Crown Lands (unprolecied)

Lagend
Witiln Tz W Ciies
=3 Study area
' Minor Parks or Reserves W i
Ecoprovince:

B Eareal Foothills
Cantral Boreal Plains
Cendral Grassland ol

. 9 Columbia Maontane Cordilera 508

= Y Hay-Siava Loslards !

£ High slevasion {*1500 m T Parklard Praiies

l B0 sEiem Boreal Shiskd

Jaspar Hational Fark [JNF)

o T

Einmeiems B ‘Waslarn Taigs Shiald
0 SE—"
a 15 a0 50 == Giirzly baarrangs 5 5y am &0

Figure 1-2. Study area map depicting management zones, towns, and high elevation
(>1800 m) sites. Minor parks or reserves numbered include, 1) Brazeau Canyon; 2)
Cardinal Divide; and 3) Grave Flats. Inset map of Alberta in lower right illustrates
Ecoprovince, current grizzly bear range, and study area within Alberta.
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Chapter 2

Grizzly bearsand forestry I: Selection of clearcutsby grizzly bearsin west-

central Alberta, Canada®

1. Introduction

Industrial resource extraction activities, including forestry, threaten the persistence of
grizzly bears (Ursus arctos L.) in North America (Banci et al., 1994; Clark et al., 1996;
McLellan, 1998) by fragmenting secure (free of human disturbance) habitats and
increasing human access to previously remote landscapes. This is especially evident in
the Central Rockies Ecosystem of Canada where unprecedented growth of human
population and resource extraction has co-occurred (Schneider et al., 2003). For grizzly
bears, increased human access has amplified human-caused mortality, the primary source
of death for grizzly bears (McLellan and Shackleton, 1988; Benn and Herrero, 2002;
Nielsen et al., 2004a). General habitat selection and assessments of road impacts have
been widely studied for grizzly bears (McLellan and Shackleton, 1988; Mace et al., 1996;
1999; McLellan and Hovey, 2001; Gibeau et al., 2002; Wielgus et al., 2002). Although
forest planning will largely determine overall habitat quality, configuration, and
composition of future grizzly bear habitats in forested landscapes, few of these studies
have assessed selection patterns by grizzly bears for different forest activities. With
continual industrial resource extraction activities expected, viability of grizzly bear
populations within managed forest landscapes is uncertain and in need of study.

High-quality grizzly bear habitats generally are considered roadless areas with a
mosaic of early seral-staged forests and natural openings in proximity to secure forest
stands providing day beds and hiding cover (Herrero, 1972; Blanchard, 1980; Hamer and
Herrero, 1987). Fire suppression, however, threatens open-structured habitats, including
those required by grizzly bears. Suppression of fire in western North America over the
past half century has led to increased woody encroachment of natural openings and
extensive succession of early seral or open structured stands (Payne, 1997). Widespread

succession without further disturbance can lead to local population declines in grizzly

" This chapter was published on 27 September 2004 (volume 199, issue 1, pp. 51-65) in Forest Ecology
and Management by Nielsen, S.E., Boyce, M.S., Stenhouse, G.B. Reprinted with permission from Elsevier.
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bears (McLellan and Hovey, 2001). Forest management, through development of early
seral stage communities, therefore offers an opportunity for management of grizzly bear
habitat and ultimately populations. Previous examinations of habitat use, however, have
shown consistent avoidance of regenerating clearcuts suggesting potential loss of habitat
(Zager et al., 1983; Waller, 1992; McLellan and Hovey, 2001). Most recently, Wielgus
and Vernier (2003) found grizzly bears used clearcuts as available (neither selected nor
avoided). Previous grizzly bear work, however, has focused on mountainous landscapes
where open habitats were not limiting and often greater in extent than clearcuts. Few if
any studies have examined how selection for regenerating clearcuts occurs in foothill
boreal-like environments typical of west-central Alberta, where forests predominate and
natural openings are rare. Moreover, little has been done to examine specific conditions
of clearcut use by grizzly bears with respect to food seasons, time of day, and local site
and management history conditions. Instead, most have assumed that clearcuts are
homogenous and selection consistent among seasons and times of day. Identifying any
site and terrain conditions, silvicultural treatments, and clearcut designs that enhance or
reduce grizzly bear habitat is important for determining future forest management and
conservation planning, as many of North America’s grizzly bear populations reside in
areas undergoing forest management.

Here we explore selection of habitats by grizzly bears in the upper foothills of west-
central Alberta, a forested landscape that has been intensively managed for nearly 50
years. We test the widely held hypothesis that clearcuts were avoided by grizzly bears by
examining 4 years of global position system (GPS) radiotelemetry data. In the foothills
of west-central Alberta we suspected clearcut selection was occurring, as natural
openings were not extensively available. Our specific objectives for this paper were
three-fold: (1) determine differences in grizzly bear selection of clearcuts (patch or third-
order selection) by season; (2) describe selection by season for individual clearcuts
(within-patch or fourth-order selection) based on scarification, age, distance-to-edge,
perimeter-to-edge ratio, and micro-site terrain characteristics; and finally, (3) examine
whether there were any differences in selection of clearcuts during diurnal or

crepuscular/nocturnal periods. In a companion paper (Nielsen et al., 2004b), we
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characterize how critical food resources vary within clearcuts to help interpret habitat use

patterns observed herein.

2. Study area

A study area was delineated for a 2,677-km” landscape located in the eastern foothills
of the Canadian Rocky Mountains of west-central Alberta (53°15'N, 117°30"W; Figure 2-
1). We chose this area because of its long history of forestry and available detailed
records of management actions. Within this area, a total of 525-km* (19.6% of the area)
of forest has been harvested for timber (clearcutting) since 1956 (Figure 2-2).
Surrounding regenerating clearcuts were closed conifer forests (41.4%), numerous minor
forest (e.g., open conifer, deciduous, etc.), and to a lesser extent non-forest (e.g.,
herbaceous, shrub, etc.) classes (Franklin et al., 2001; Table 2-1). Closed conifer, the
dominant land cover category, was composed of lodgepole pine (Pinus contorta), and to
a lesser extent three species of spruce (Picea glauca, P. mariana, and P. engelmannii).
Minor areas of trembling aspen (Populus tremuloides) or balsam poplar (P. balsamifera),
often mixed with other shrubs including willow (Salix spp.), were scattered throughout
the area, but most notable in lower elevations or riparian zones. We refer to all land
cover and land use activities occurring outside of clearcut boundaries as matrix.

Natural sub-region classification based on climate, vegetation, soils, and topography
was best described as upper foothills (Achuff, 1994), with elevations varying from 953
and 1975 m in rolling low mountainous terrain. Summer and winter temperatures
averaged 11.5 and —6.0° C respectively, with a normal annual precipitation of 538 mm
(Beckingham et al., 1996). Prior to 1950, periodic stand-replacing fires were the primary
disturbance, averaging 20% of the landscape burned per 20-year period yielding a 100-
year fire cycle (Andison, 1998). Since the 1950s, however, there has been a reduction in
fires to the region being associated with the initiation of industrial forestry and fire
suppression (Tande, 1979; Andison, 1998; Rhemtulla, 1999). Although some stands in
remote regions are in advanced stages of succession due to fire suppression, large areas
have or continue to be harvested providing the only major mechanism of disturbance. As
most grizzly bear foraging in the front slopes of the Canadian Rockies occurs in open

forests or meadows (Hamer and Herrero, 1987), clearcuts within heavily forested regions,
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such as the foothills of west-central Alberta, provide an opportunity or alternative source
of food normally only associated with young fire-regenerating stands (Nielsen et al.,

2004b).

3. Methods
3.1. Grizzly bear location data

From 1999 to 2002, we captured and collared 8 (5 female, 3 male) sub-adult (2—4 yrs
of age) and 13 (7 female, 6 male) adult (=5 yrs of age) grizzly bears from areas within or
surrounding the forestry study area using standard aerial darting and leg snaring
techniques (Cattet et al., 2003). Bears were fitted with either a Televilt GPS (global-
positioning-system)-Simplex or an ATS (Advanced Telemetry Systems) GPS radiocollar.
Radiocollars were programmed to acquire locations at intervals of every 4-hr, excluding a
few collars that were programmed to take a fix every 1-hr. Following retrieval of GPS
collars and/or remote uploading of collars, grizzly bear locations were imported into a
geographic information system (GIS) and used to delineate 100% minimum-convex-
polygon (MCP) home ranges (Samuel and Fuller, 1994). These home ranges were used
to identify “available” locations for each individual using a random-point generator in
ArcView 3.2. Sampling intensities for available locations within MCP home ranges were
standardized to 5 points/km?. For selection analyses on the broader landscape (clearcut
versus matrix habitats), all locations falling within the defined study area were used,
while selection within clearcuts was examined using only those locations falling within
clearcut boundaries.

To account for variation in habitat use through time (Schooley, 1994; Nielsen et al.,
2003), we stratified grizzly bear location data into three seasons based on food habits and
selection patterns for the region (Hamer and Herrero, 1987; Hamer et al., 1991; Nielsen
et al., 2003). The first season, hypophagia, was defined as den emergence (typically in
April) to 14 June. During this season, bears fed on roots of Hedysarum spp. and in some
instances on carrion. The second season, early hyperphagia, was defined as 15 June to 7
August. During this season, bears fed on ants (myrmecophagy), in some instances
ungulate calves, and frequently on green herbaceous material including Heracleum

lanatum, graminoids, sedges, and Equisetum arvense. The third season, late hyperphagia,
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was defined as 8 August to denning. During this season, bears sought out berries from
Shepherdia canadensis and Vaccinium spp. followed by late season digging for
Hedysarum spp. Resource selection functions (RSFs) were developed for both clearcut
selection and within-clearcut selection using these three seasons. We did not explore
year-to-year variation in habitat selection as sample sizes precluded seasonal and yearly
stratification of data.

Given that grizzly bears have shown avoidance of non-secure (areas of human
activity) areas during diurnal periods (Gibeau et al., 2002), we further assessed whether
selection of clearcuts occurred more than expected during crepuscular and nocturnal
periods. Diurnal hours were defined as the period occurring between 0700 and 1900 hr,
while crepuscular and nocturnal hours were defined as occurring between 1900 and 0700
hr. Our definitions of diurnal and crepuscular/nocturnal periods were general only and
did not account for changes in sunrise or sunset. To ensure that acquisition rates for these
periods were not biased for the global dataset, we assessed the proportion of locations
acquired during each period using 2x2 contingency X test and an expected 50:50 ratio.
3.2. Patch-level selection of clearcuts (third-order scale)

We compared seasonal GPS radiotelemetry locations with random or available
locations to assess habitat selection for clearcut (1) and matrix habitats (0). Analyses
were evaluated at the third-order (patch) scale (Johnson, 1980) following a ‘design III’
approach, where the individual identity of the animal was maintained for use and
available samples (Thomas and Taylor, 1990). For each season, we calculated a resource
selection function (RSF) at the level of the population using the following model
structure from Manly et al. (2002):

w(X) = exp(fix) (2-1),
where w(X) is the resource selection function (relative probability of occurrence) and £
the selection coefficient for the dummy variable x used to indicate whether locations (use
or available) were within (1) or outside (0) of clearcut polygons. Logistic regression was
used to estimate 3 in the program Stata (2001). We specified the robust cluster option to
calculate our variance around the estimated coefficient using the Huber-White sandwich
estimator (White, 1980; Nielsen et al., 2002). Sandwich estimators assumed that

observations were independent across clusters, but not necessarily independent within
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clusters (Long and Freese, 2003). Bear was specified as the cluster, thereby matching the
design III approach of the analysis (unit of replication) and avoiding autocorrelation
and/or psuedoreplication of locations within individual bears. We further corrected for
habitat and terrain-induced GPS-collar bias (Obbard et al., 1998; Dussault et al., 1999;
Johnson et al., 2002) by using probability sample weights for grizzly bear locations (Frair
et al., 2004). Probability sample weights were based on local models predicting GPS fix
acquisition as a function of terrain and land cover characteristics (Frair et al., 2004). For
the clearcut selection model we report results as an odds ratio based on the exponentiated
form of 3. Reported odds ratios were interpreted as the likelihood that grizzly bears were
using clearcuts compared with matrix habitats for a particular season. Use of clearcuts by
grizzly bears in concordance with availability would therefore be represented as 1.0,
while selection would be >1.0 and avoidance <1.0. Finally, we tested whether GPS
radiotelemetry data associated with clearcut use occurred more in diurnal or
crepuscular/nocturnal periods by using a 2x2 contingency X test and an expected 50:50
ratio.

3.3. Within-patch selection of clearcuts (fourth-order scale)

For analyses of selection within clearcuts, we selected all locations occurring within
clearcut polygons and divided our observations into 2 groups following a random sample
test set validation. The first group, the model-training group, represented a random 85%
sub-sample used for model development, while the remaining sub-sample (15%), the
model-testing group, was used for assessing model performance by independent
validation. Given that observations were within-clearcut patches, our analytical design
followed a fourth-order scale of habitat selection (Johnson, 1980). Individual identity of
animals (design III; Thomas and Taylor, 1990) was also maintained. Using model-
training data and explanatory map variables (Table 2-2) for each season we developed
RSF models by assuming the following structure from Manly et al. (2002):

w(X)=exp(Bix;+ Box>+ ... + B xi) (2-2),
where w(X) is the resource selection function for a vector of predictor variables, x;, and
[-s are the corresponding selection coefficients. Logistic regression was used to estimate
selection coefficients in Stata (2001). Linear predictor variables (Table 2-2) were

assessed for collinearity through Pearson correlations (7) and variance inflator function
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(VIF) diagnostics. All variables with correlations () >|0.6|, individual VIF scores >10, or
the mean of all VIF scores considerably larger than 1 (Chatterjee et al., 2000) were
assumed to be collinear. Area of clearcut and area-to-perimeter ratio were the only
correlated (» = 0.68) variables, and thus were not considered together for inclusion in the
same model. No further evidence of collinearity was evident using VIF tests. Using
independent explanatory map variables, we generated 5 a priori candidate models (Table
2-3). Each candidate model corresponded to a set of similar variables or combination of
variables that we hypothesized as being important for grizzly bears. We evaluated model
selection for the 5 candidate models using Akaike’s information criteria (AIC; Burnham
and Anderson, 1998; Anderson et al., 2000). Akaike weights (w;) were used to determine
the approximate ‘best’ model given the data and candidate models tested. Methods for
controlling autocorrelation and GPS radiotelemetry bias, explained in the previous
section, were similarly used here.

Using testing data, we assessed the predictive performance of models by comparing
map predictions with frequency of within-sample independent testing data (grizzly bear
use locations) in specified bins (Boyce et al., 2002). A total of 10 quantile bins were
generated based on the distribution of predicted habitats in the study area from the AIC-
selected seasonal model. These bins ranked from habitats with low relative probability of
occurrence (1) to habitats with high relative probably of occurrence (10). Models that
performed well were characterized by having successively more model-testing GPS
radiotelemetry locations in higher value habitat bins, while poor habitat bins contained
few animal locations. We used a Spearman rank correlation (7;) to assess the relationship
among number of observed grizzly bear model-testing locations per bin and bin rank
(Boyce et al., 2002). We considered a model to be predictive if 7, was positive and
significant.

3.4. Site-specific predictor variables

Age of clearcut, in years, for each radiotelemetry and available location was
determined from a GIS forestry polygon database provided by Weldwood of Canada Ltd.
(Hinton, Alberta). Size of clearcut, in km?, also was used as a predictor to assess whether
small clearcuts were more attractive to grizzly bears from a security or ecotone basis. To

determine clearcut size, we maintained all original clearcut boundaries. Finally,
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silviculture and/or site preparation data were joined with GIS harvest polygons and
stratified into nine separate treatments and a control (no treatment) to test for local
clearcut site history effects (Table 2-4).

We assessed the influence of two landscape metrics on grizzly bear habitat selection.
These metrics were distance-to-clearcut edge (km) and area (km?)-to-perimeter (km)
ratio. A 10-m grid was used to determine distance-to-edge (matrix habitat) using the
straight-line distance function in the Spatial Analyst extension of ArcGIS 8.1. The area-
to-perimeter ratio was calculated for each polygon based on the estimated clearcut size
and perimeter from a GIS.

To assess how terrain and local site conditions influenced the pattern of habitat
selection for grizzly bears, we used a 26.7 m digital elevation model (DEM). From the
DEM, we estimated elevation (km) for each use or available location. We further derived
two terrain related variables from the same DEM. First, we estimated an index of soil
wetness commonly referred to as the compound topographic index (CTI), previously
found to correlate with several soil attributes including horizon depth, silt percentage,
organic matter, and phosphorous (Moore et al., 1993; Gessler et al., 1995). A CTI grid
was calculated using the spatial analyst extension in ArcView 3.2 and a CTI script from
Rho (2002). Second, we used the DEM to derive total potential direct incoming solar
radiation (WH/m?) for summer solstice (day 172) using the Solar Analyst 1.0 extension in

ArcView 3.2.

4. Results
4.1. Patch-level selection of clearcuts (third-order scale)

A total of 10,127 locations from 21 grizzly bears were recovered from the identified
study area. Of these, 2,381 or 23.5% of locations were located within clearcut polygons.
The selection of clearcuts compared with all other landcover categories (matrix) varied
by season (Table 2-5). During hypophagia, grizzly bears selected clearcut habitats close
to that which was expected based on availability. The estimated odds ratio for clearcut
selection was 1.14 (95% CI = 0.88 to 1.46) times that of the landscape matrix. In
contrast, for early hyperphagia, we found higher rates of clearcut selection. During this

season, clearcuts were significantly selected over that of matrix habitats with an odds
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ratio of 1.56 (CI =1.31, 1.85). Bears were therefore on average more than one and a half
times more likely to select clearcuts over matrix habitats. Finally, during late
hyperphagia, grizzly bears once again selected clearcut habitats close to that which would
be expected based on habitat availability, although slightly less than matrix habitats with
an estimated odds ratio of 0.85 (CI = 0.59, 1.23). Fine-scale temporal patterns of clearcut
use differed for diurnal and crepuscular/nocturnal periods. Clearcuts were used more
than expected during crepuscular/nocturnal periods (X* = 5.69, 1 d.f., p = 0.017). No
evidence of bias in diurnal versus crepuscular/nocturnal acquisitions in animal locations
was evident for the global dataset (x> = 1.25, 1 d.f., p = 0.264), suggesting that the
selection of clearcuts for the crepuscular/nocturnal period was a biological effect.
4.2. Within-patch selection of clearcuts (fourth-order scale)
4.2.1. Hypophagia

A total of 734 GPS radiotelemetry locations from 14 grizzly bears were acquired
from clearcuts during hypophagia. Of the 5 a priori models assessed for the season, the
comprehensive model showed the greatest AIC support (Table 2-6). During this period,
grizzly bears selected intermediate-aged (~30 yrs) clearcuts (Figure 2-4) that were more
complex in shape (negative area-to-perimeter ratio), while animal locations were
consistently closer to clearcut edges than random locations (Table 2-7). There did not
appear to be any relationship among grizzly bear location and the compound topographic
index (CTI) of soil wetness, although the terrain variable of potential direct incoming
solar radiation did appear to be important. Grizzly bears selected for areas of low solar
radiation during this season. Lastly, silvicultural treatments were selected within the final
model. Responses of site preparation treatments compared to control sites without any
treatment varied from positive to negative. In general, bears selected for clearcuts that
were scarified with bracke, dragging, shark-fin barrel dragging, disc-trenching, excavator,
and plow treatments, although only shark-fin barrel dragging had a strong consistent
effect (Figure 2-3; Table 2-7). In contrast, bears tended to avoid (compared with
controls) blade and Donaren mound clearcuts, although neither treatment was overly
different from that of controls (Table 2-7). For between treatment effects, only plow
(selection) and Donaren mound (avoidance) treatments were near to being different from

one another when comparing 95% confidence intervals. Predictive accuracy of the AIC-
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selected hypophagia model using withheld model-testing data was good with a significant
positive Spearman rank correlation (, = 0.915, p<0.001), suggesting potential utility in
using hypophagia clearcut habitat maps for conservation.
4.2.2. Early hyperphagia

A total of 1,005 GPS radiotelemetry locations from 15 grizzly bears were acquired
from clearcuts during the early hyperphagia period. Of the 5 a priori models assessed,
the terrain model showed the greatest AIC support (Table 2-6). During this period, areas
with high levels of direct incoming solar radiation were best associated with animal
locations, while elevation and soil wetness (CTI) were only weakly related to bear
locations (Table 2-7). Predictive accuracy of the AIC-selected early hyperphagia model
using model-testing data was good with a significant positive Spearman rank correlation
(rs=0.964, p<0.001), again suggesting potential utility in mapping seasonal clearcut
habitat.
4.2.3. Late hyperphagia

A total of 642 GPS radiotelemetry locations from 9 grizzly bears were acquired from
clearcuts during the late hyperphagia period. Of the 5 a priori models assessed, the
comprehensive model showed the greatest AIC support (Table 2-6). During this period,
coefficients for direct potential incoming solar radiation and soil wetness (CTI) largely
overlapped (95% C.1.) 0 suggesting a weak relationship, while age of clearcut and
perimeter-to-edge ratio, although partially overlapping 0, were influential (Table 2-7).
Grizzly bears tended to use clearcuts that were irregular in shape and either young or
more preferably old (up to 46 yrs; Figure 2-4). Like that of hypophagia, distance-to-edge
of clearcut was strongly negative (i.e., increasing distance from edge corresponded to
decreasing levels of use) suggesting hiding cover or ecotone relationships. Finally,
silvicultural treatments again appeared in the AIC-selected model. Bears tended to select
for areas that were scarified with bracke and shark-fin barrel dragging, although
confidence intervals were large and overlapping zero (Figure 2-3; Table 2-7). Avoidance
of Donaren mound, dragging, disc-trencher, excavator, and plow treatments were
suggested, but again noisy. No differences were evident between silvicultural treatments.
Predictive accuracy of the AIC-selected late hyperphagia model using model-testing data

was good with a significant positive Spearman rank correlation (7, = 0.770, p=0.009),
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suggesting potential utility in mapping seasonal clearcut habitat. The predictive
relationship, however, was less significant than the previous two seasons warranting

greater caution in use.

5. Discussion

We reject the hypothesis that grizzly bears avoid clearcuts. We found that grizzly
bears selected clearcuts during early hyperphagia, while we could not show a statistical
avoidance or selection of clearcuts during hypophagia (non-significant trend of clearcut
selection) and late hyperphagia (non-significant trend of clearcut avoidance). Except for
a recent study by Wielgus and Vernier (2003), this seasonal selection of clearcuts
(according to availability) contradicts previous examinations of habitat selection by
grizzly bears (Zager et al., 1983; Waller, 1992; McLellan and Hovey, 2001). However,
most previous work has occurred in mountainous terrain where natural openings (e.g.,
alpine meadows) and/or large naturally regenerating forests (burns) were available to
bears. We suggest that the general lack of large natural openings in our foothill
landscape made clearcuts an attractive alternative habitat. Ultimately, the availability of
early seral-staged forests or natural openings may explain whether grizzly bears will use
clearcuts, as grizzly bears are known to prefer mosaic areas of forest and non-forest
habitat (Herrero, 1972). Where fire suppression and succession has led to little if any
forest openings, grizzly bears have adapted by utilizing closely related anthropogenic
sites, such as clearcuts. Long-term grizzly bear research in Yellowstone has shown a
general flexibility or adaptive nature to grizzly bear foraging, maximizing their nutrition
through learned behaviour (Craighead et al., 1995). Nielsen et al. (2004b) found the
occurrence of critical grizzly bear foods, including roots and tubers, herbaceous
materials, and ants, to be more common in clearcuts than surrounding forests. Grizzly
bears in the foothills of west-central Alberta may have adapted, like that of Yellowstone
bears, to changes in landscape composition and associated food resources. Although
clearcuts provided a possible resource surrogate for natural openings and young fire-
regenerated forests, the associated risk of human-caused mortality due to increased

human access may offset this benefit (Nielsen et al., 2004a).
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Grizzly bears not only used clearcuts differentially according to season, but also
according to time of day. Overall, there was a trend for grizzly bear use of clearcuts
during crepuscular/nocturnal periods, rather than diurnal hours. Although our definitions
of diurnal and crepuscular/nocturnal periods did not follow actual sunrise and sunset
patterns, our results do point to differences in fine temporal scales, suggesting that
activity (bedding versus foraging) and perhaps local security may be important. Previous
work on habitat selection for grizzly bears in neighboring Banff National Park support
changes in habitat selection between diurnal and nocturnal periods. Gibeau et al. (2002)
found that selection of high-quality habitats near areas of human activity were greatest
during the nocturnal period when security was highest. Alternatively, use of clearcuts at
night may simply reflect thermal demands, especially in mid-to-late summer when high
daytime temperatures may force animals to bed in forest stands, with foraging in
clearcuts and other open areas restricted to the cooler crepuscular and nocturnal periods.
Regardless of the mechanism, short-term (daily) temporal variation in habitat use of
clearcuts was observed suggesting that further research into the subject is needed. This is
especially relevant as most historic grizzly bear habitat assessments have used VHF
radiotelemetry data that was largely collected during diurnal periods, perhaps helping
further explain the disparity between our results (seasonal selection of clearcuts) and
other studies (avoidance of clearcuts).

Site-specific (within-patch) habitat selection models proved predictive for each
season, suggesting that terrain, silviculture, and landscape metrics were important
determinants of local clearcut use. Clearcuts cannot therefore be considered uniform in
habitat quality, as is usually the case for most grizzly bear habitat work. Small-scale
differences in terrain, silviculture, and landscape metrics within or between clearcuts can
result in major differences in predicted animal occurrence. Changes, however, were not
consistent between seasons as bears were presumably responding to spatio-temporal
fluctuations in the availability of critical food resources that individually responded to
local environmental gradients and site history characteristics (Nielsen et al., 2004b).
Researchers examining grizzly bear habitats should consider introducing environmental

covariates that describe age, landscape metrics, silviculture, and terrain.
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Landscape metric variables, distance-to-edge and edge-to-perimeter ratio were
consistent predictors of grizzly bear use for both the hypophagia and late hyperphagia
periods. Grizzly bears occurred nearer to clearcut edges, while also selecting for
clearcuts that were more irregular in shape. These landscape factors, taken together with
the observed crepuscular/nocturnal use of clearcuts, help support the hypothesis that
hiding cover and/or local security-related issues are important considerations in habitat
selection by grizzly bears (Gibeau et al., 2002).

Silvicultural effects on habitat selection for the hypophagia and late hyperphagia
seasons varied from negative to positive. Bracke and shark-fin barrel dragging were
selected over that of control treatments (no silviculture) for both seasons, but only shark-
fin barrel dragging for the hypophagia season had a strong positive effect. In
comparison, clearcuts with Donaren mound or blade site preparation were avoided for
each season, although confidence intervals were too variable to be certain of this effect.
For between-treatment comparisons, Donaren mound (avoidance) and plow (selection)
treatments in the hypophagia season were noteworthy of a difference. Grizzly bear use of
clearcuts based on silvicultural treatment likely reflected differences in available food
resources, as Nielsen et al. (2004b) observed both negative (Hedysarum spp. and
Shepherdia canadensis) and positive (Equisetum spp.) changes in food occurrence with
mechanical scarification.

Age of clearcut was also an important predictor of grizzly bear use. Intermediate
aged (~30-yrs) clearcuts were most frequently selected during hypophagia, while recent
and old (up to 46-yrs) clearcuts were selected more than intermediate aged clearcuts
during late hyperphagia. The use of intermediate-aged sites during hypophagia most
likely reflected distribution of Hedysarum spp., as bears readily seek out roots from
Hedysarum during this season (Hamer and Herrero, 1987; Hamer et al., 1991). Further,
Nielsen et al. (2004b) found Hedysarum occurrence to be greatest in clearcuts with
approximately 25% canopy cover. As canopy cover was correlated with clearcut age (r =
0.66), sites with more Hedysarum also were likely to be intermediate in age. In
comparison, selection of recent and old clearcuts during late hyperphagia likely reflected
late season foraging for fruit-bearing species such as Shepherdia canadensis in old

clearcuts and Rubus idaeus and herbaceous foods in young clearcuts.
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Finally, micro-site terrain features were more important predictors of bear use than
landscape metrics or silviculture during early hyperphagia. Grizzly bears selected for
areas with high incoming direct solar radiation, which supports myrmecophagy activities
(Elgmork and Unander, 1999; Swenson et al., 1999). Ants, typically foraged by bears
during early hyperphagia (Hamer and Herrero, 1987; Hamer et al., 1991), tend to be
associated with dry, warm slopes (Crist and Williams, 1999; Nielsen et al., 2004b) and
occur with greater abundance in clearcuts than unharvested forests (Knight, 1999;
Nielsen et al., 2004b). We did not find a strong relationship between grizzly bear use of
clearcuts and the soil wetness index, despite the importance of the variable for describing
the occurrence of a number of critical grizzly bear foods (Nielsen et al., 2004b).

Habitat selection models for the three examined seasons were predictive based on
assessments of independently withheld data suggesting utility in habitat mapping for
management and conservation purposes. Such maps could describe both fine-scale
differences in habitat quality within clearcuts and coarse-scale differences between
clearcuts. Managers could use resulting habitat maps to identify on-the-ground
conservation actions, such as determining which roads are in need of deactivation or
seasonal closure. Without restricting human access to identified high-quality habitats,
risk of mortality will increase, as humans and bears will be placed in close proximity to

one another (Mattson et al., 1996; Nielsen et al., 2004a).

6. Conclusion

Grizzly bears selected clearcuts in the foothills of west-central Alberta. Selection,
however, occurred differentially depending on micro-site terrain, landscape metrics,
silvicultural history, and season. Management or even enhancement of grizzly bear
habitat through forest management appears feasible, especially for areas that lack
extensive natural openings or recent fires. We suggest that future forest planning strive
to maximize grizzly bear habitat by: (1) increasing perimeter-to-edge ratio for clearcut
shapes; (2) using low impact and/or positively associated site preparation treatments like
Bracke and shark-fin barrel dragging; and (3) limiting human access to areas predicted as
high-quality habitat. Use of prescribed fire, as a silvicultural treatment, also should be

considered along with establishment of food plots for negatively impacted grizzly bear

24



foods (Nielsen et al, 2004b). Limiting human access to high-quality sites helps address
population-level factors. In particular, risk of human-caused mortality increases
significantly for areas with open public roads (Benn and Herrero, 2002; Nielsen et al.,
2004a; Johnson et al., 2005). Without addressing habitat occupancy and mortality
concurrently, attractive sink conditions may develop where animals are drawn to
locations where survival is low (Knight et al., 1988; Delibes et al., 2001). Public
education programs targeted at reducing illegal mortalities have been successful
elsewhere (Schirokauer and Boyce, 1998) and should also be considered. Finally, long-
term forest management will likely modify habitat use by grizzly bears, as the proportion
of harvested to non-harvested habitats change. Future research should consider how
grizzly bear habitat use changes as the landscape-level context of forest harvesting

changes.
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Table 2-1. Area (km?) and percent composition of land cover classes within the 2,677-
km?-study area near Hinton, Alberta. Land cover classes were determined from a remote
sensing classification (Franklin et al., 2001) and forestry GIS data on clearcuts.

Land cover class Area (km®) Percent
closed conifer 1109.2 414
clearcut 525.2 19.6
mixed forest 401.2 15.0
wetland-open bog 184.0 6.9
closed deciduous 117.9 4.4
wetland-treed-bog 94.9 3.5
road/rail/pipeline/well site 76.9 2.9
non-vegetated 344 1.3
open conifer 31.5 1.2
shrub 31.2 1.2
other anthropogenic 26.6 1.0
herbaceous 17.6 0.7
water 15.4 0.6
burn 7.8 0.3
open deciduous 3.0 0.1
alpine/subalpine 0.2 0.01
Total 2,677 100
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Table 2-2. Explanatory map variables used for assessing grizzly bear habitat selection of
clearcuts in the upper foothills of west-central Alberta, Canada.

Variable

code Description Type Range

age Age of clearcut (years) linear 0to 46

area Area (km?) of clearcut linear 0.003 to 2.683
area:perim  Area-(km?) to-perimeter (km) ratio linear 0.009 to 2.885
cti Compound topographic (wetness) index linear 7.34 t0 24.45
distedge Distance-to-edge of clearcut (km) linear 0 to 0.8465
elev Elevation of location (km) linear 974 t0 1712
scarYN Scarified clear-cut categorical Yes or No
scartype Scarification method categorical 10 Categories
solar Direct solar radiation (WH/m®) on Day 172 linear 2391 to 4380

27



Table 2-3. 4 priori seasonal candidate models used to describe habitat selection within
clearcuts by grizzly bear in the upper foothills of west-central Alberta, Canada. Model
number, name, and structure are provided.

Model

number Model name Model structure

1 Scarification model ~ age+age’+scarYN-+area

2 Silviculture model age+age’+scartype+area

3 Terrain model cti+cti*+elev+elev’+solar

4 Landscape model distedge+area:perim

5 Comprehensive model age+age’+cti+cti’+solar+scartype+distedge+area:perim
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Table 2-4. Mechanical silviculture and site preparation treatments assessed for grizzly
bear habitat selection.

Scarification type Description

BLAD Blade (modified)

BRAC Bracke

DONM Donaren mound

DRAG Drag (light or heavy)

DRSF Drag- shark fin barrels

DSTR Disc trencher

EXCA Excavator mound

OTHR Other method (hand and unknown)
PLOW Plough (Crossley, C&H, C&S ripper)
NONE Control (no silvicultural site preparation recorded)
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Table 2-5. Seasonal estimates of habitat selection for clearcuts (1) by grizzly bears
compared to matrix habitats (0; reference category) in the upper foothills of west-central
Alberta, Canada.

Robust  95% C.I. Odds  95% C.L
Season Coeff. S.E. lower upper Ratio lower upper
hypophagia 0.128 0.128 -0.124 0.379 1.137 0.883 1.461
early hyperphagia 0.443 0.088 0.270 0.616 1.557 1.310 1.852
late hyperphagia ~ -0.162 0.189 -0.531 0.208 0.850 0.588 1.231
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Table 2-6. AIC-selected models for hypophagia, early hyperphagia, and late hyperphagia
periods. Number of parameters (K;), model -2 loglikelihood (-2LL), AIC, change in AIC
(4A)) from lowest model, and Akaike weights (w;) of model support are reported.

Season and candidate model K, 2LL AIC A w;
1. Hypophagia
Scarification model 5 59474 59574 103.1 <0.001
Silviculture model 13 59149 59409 86.6 <0.001
Site model 5 6013.8 6023.8 169.5 <0.001
Landscape model 3 6023.1 6029.1 174.8 <0.001
Comprehensive model 17 5820.3 5854.3 0.0 1.0
2. Early hyperphagia
Scarification model 5 76347 7644.7 180.2 <0.001
Silviculture model 13 7575.7 7601.7 137.2 <0.001
Site model 5 74545 74645 0.0 1.0
Landscape model 3 7641.2 7647.2 182.7 <0.001
Comprehensive model 17 7522.0 7556.0 91.5 <0.001
3. Late hyperphagia
Scarification model 5 49141 49241 163.5 <0.001
Silviculture model 13 4830.2 4856.2 95.6 <0.001
Site model 5 4938.0 4948.0 187.4 <0.001
Landscape model 3 4906.3 49123 151.7 <0.001
Comprehensive model 17  4726.6 4760.6 0.0 1.0
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Table 2-7. Estimated seasonal AIC-selected model coefficients. Due to perfect avoidance
relating to low sample sizes for the scarification treatment (scartype) ‘OTHR’, this
category was not estimated.

Early Late
Variable Hypophagia Hyperphagia Hyperphagia
code Coef. S.E. Coef. S.E. Coef. S.E.
age 0.098  0.027 -0.081  0.061
Yage’ -0.145  0.059 0207 0.114
cti 0.172  0.225 -0.108  0.105 0.157  0.169
Seti? 0.694 0.930 0.762  0.430 0.029  0.629
elev 0.025  0.016
Selev? -0.079  0.058
Ysolar -1.164  0.321 0.889  0.298 -0.170  0.791
scartype:
BLAD -0.268  0.292 -0.300 0.866
BRAC 0.593  0.417 0.407  0.857
DONM -1.745  1.239 -0.711  1.050
DRAG 0.387  0.501 -0.358  1.084
DRSF 0.783  0.365 0.205  0.934
DSTR 0.166 0.476 0273 0.649
EXCA 0.089  0.701 -0.658  1.200
PLOW 0.470  0.245 -0.343  0.842
distedge 2253 1.038 3518 0.643
area:perim -4.850 1.805 -5.816  3.808

*Coefficients for elev2 and solar are reported at 1,000 times their value, while age2 and
cti2 are 100 times their actual value.
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Figure 2-1. Study area map depicting elevation, local towns, overall Foothills Model
Forest (FMF) study region (map extent), and secondary forestry study area for examining
habitat selection related to clearcut harvesting in west-central Alberta, Canada. Location
of FMF study area within Alberta is depicted in the upper left portion of the figure.
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Figure 2-2. Mapped clearcuts by 5-year age class in the upper foothills of west-central
Alberta, Canada.
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Figure 2-3. Estimated silvicultural coefficients for hypophagia and late hyperphagia
seasons based on AIC-selected models and contrasts with no treatment (reference
category). Category ‘other’ was withheld due to limitations in estimation caused by
perfect collinearity from too few locations. Refer to Table 3-1 for description of
treatment codes.
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Figure 2-4. Relative probability of grizzly bear occurrence within west-central Alberta
clearcuts as a function of clearcut age and season. All remaining covariates were held at
their mean level. Only seasons that included clearcut age within AIC-selected models
were depicted.
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Chapter 3

Grizzly bearsand forestry I1: distribution of grizzly bear foodsin clear cuts of

west-central Alberta, Canada®

1. Introduction

Understanding the potential impacts of forest management on rare or threatened
species is a primary topic of forest ecology and conservation biology. In the Rocky
Mountain ecosystems of the northern United States and southern Canada industrial
resource extraction activities, including forestry, threaten the persistence of grizzly bear
(Ursus arctos L.) populations (Banci et al., 1994; Clark et al., 1996; McLellan, 1998).
Much of this threat relates to risk of human-caused mortality from increases in human
access (McLellan and Shackleton, 1988; Benn and Herrero, 2002; Nielsen et al. 2004a).
Forestry activities can further impact grizzly bears through changes in landscape
composition, configuration, and structure (Reed et al., 1996; Tinker et al., 1998;
Popplewell et al., 2003).

Optimal grizzly bear habitat has generally been considered a blend of forested and
non-forested habitats (Herrero, 1972). One might therefore expect certain forest
disturbances to be beneficial to bears, especially in fire-adapted forest ecosystems with a
history of fire suppression (Tande, 1979; Andison, 1998; Rhumtella, 1999). As young
fire-regenerated stands mature and effective fire suppression continues, timber harvesting
provides a consistent mechanism of disturbance and forest renewal required for early
seral specialists.

Despite a potential for habitat improvement, many studies have shown a pervasive
avoidance of clearcuts by grizzly bears (Zager et al., 1983; Waller, 1992; McLellan and
Hovey, 2001). Wielgus and Vernier (2003) and Nielsen et al. (2004b), however,
observed use of clearcuts by grizzly bears in forest-managed landscapes. Nielsen et al.
(2004b) suggested that differences between avoidance and selection of clearcuts were

likely due to landscape and temporal contexts. The foothills of west-central Alberta

* This chapter was published on 27 September 2004 (volume 199, issue 1, pp. 67-82) in Forest Forest
Ecology and Management by Nielsen, S.E., Munro, R.H.M, Bainbridge, E.L., Stenhouse, G.B., Boyce,
M.S. Reprinted with permission from Elsevier.
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lacked extensive natural openings, early seral fire-regenerated forests, and alpine
meadows, which contrasted with other studies located in mountainous terrain where such
habitats were common. As secure (free of human disturbance) high-quality habitats were
readily available, there was little reason for selection of the non-secure alternative (i.e.,
clearcuts). Previous studies also have been based on VHF radiotelemetry data, where
daylight locations are typical and seasonal data pooled. Nielsen et al. (2004b) found
seasonal differences in selection of clearcuts, as well as greater use during the crepuscular
and nighttime periods. Clearcuts appeared to provide an alternate habitat resource for
certain landscape and temporal contexts, albeit a potentially risky one at that (Benn and
Herrero, 2002; Nielsen et al., 2004a).

Loss of early seral forests and natural openings has the potential to cause population
declines in bears (Beecham, 1980; 1983; Irwin and Hammond, 1985; Lindzey et al.,
1986; Noyce and Coy, 1989; McLellan and Hovey, 2001). Young regenerating forests
contain greater abundances of most critical bear foods including fruits, ants, ungulates,
green herbaceous vegetation, roots and other subterranean foods (Martin, 1983; Zager et
al., 1983; Irwin and Hammond, 1985; Knight, 1999). Availability of consistent high-
quality foods shapes individual nutritional level and ultimately population size
(Craighead et al., 1995). However, a general sense of how specific environmental factors
and past management actions influence distribution patterns of food resources, especially
within successional clearcuts, is lacking. Previous food modelling efforts have focused
on protected mountainous ecosystems like Yellowstone (Mattson, 2000) or Jasper
(Nielsen et al., 2003) National Parks, where forest harvesting does not occur and
populations are generally considered secure. Given the potential for habitat and
population change outside of protected areas, an examination of food resource
availability and abundance for forest management areas is a conservation priority.
Identification of food patches within forest management stands provides opportunities for
protection, maintenance, and enhancement of grizzly bear habitats. Moreover, specific
assessments of food resource availability allow for fine-level interpretations of selection
and inferences of mechanism (Morrison, 2001). Ultimately the understanding of critical

food resources will allow for better grizzly bear management and conservation.

43



Here we explore the distribution of grizzly bear foods in an attempt to better
understand the observed behaviour of grizzly bears in west-central Alberta, Canada
(Nielsen et al., 2004b). Specifically, we investigated how scarification, canopy cover,
clearcut age, and terrain characteristics influenced the occurrence of 13 grizzly bear
foods, while further examining how fruit occurrence and production varied for 6 fruit-
bearing species. Our objectives were three-fold: (1) determine whether differences in
grizzly bear foods occurred between upland forests, our reference condition, and
clearcuts; (2) develop local models describing grizzly bear food occurrence within
clearcuts; and (3) describe patterns reflecting fruit and non-fruit producing clearcuts,
together with an overall comparison of fruit production between clearcuts and upland
forest sites. We hypothesized that forest disturbance through clearcut harvesting
enhances the occurrence and diversity of grizzly bear foods. Food resources were
expected, however, to be patchy and responding to local environmental gradients and
management history, thereby requiring additional environmental covariates.
Relationships between food resources and clearcut harvesting should help explain
patterns in grizzly bear habitat use as well as provide on-the-ground management

solutions to conservation problems.

2. Methods
2.1. Field sampling

The environmental characteristics of the study area are described fully in Nielsen et
al. (2004b). During the growing seasons (June—August) of 2001-02, we established 355
sample plots within clearcuts and 183 sample plots within reference forest stands. All
reference forest stands used were in upland sites dominated by coniferous tree species
having a minimum composition of 20% lodgepole pine and not disturbed by
anthropogenic activities. Upland conifer stands are one of the primary targets for local
clearcut harvesting. Based on geographical information system (GIS) fire history maps,
reference forest plots averaged 105 (£37 SD) years of age. Sampling procedures were
the same for both clearcuts and forest stands. We used a GIS to identify random
coordinates stratified within clearcut and upland forest sites based on a land cover

classification provided by Franklin et al. (2001). To ensure an approximately equal
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proportion of plots within different aged clearcuts, we used a stratified random design to
assign random clearcut locations to 5-yr age classes. Age was not considered as a
stratum for upland forest sites. A small number of randomly selected grizzly bear
locations identified from global position system (GPS) radiotelemetry data were added as
additional plots to increase sample size. We navigated to all field coordinates using a
hand-held Garmin GPS III plus unit, attempting to locate the plot centre to within no
more than 10 m of the coordinates.

At each field plot, we established a 20-m transect running south-to-north with the 10
m location being the plot centre. Five 0.5-m? (70.7 mm x 70.7 mm) herbaceous quadrats
were established along each transect at 5 m intervals. Within these quadrats, we recorded
the presence of 10 grizzly bear food items. The presence of Shepherdia canadensis was
measured in the shrub-layer (plants >0.5 m in height) along a belt transect 1 x 20 m (20-
m?) in size. At each plot, we estimated fruit production for Arctostaphylos uva-ursi,
Shepherdia canadensis, and all Vaccinium species. Berries were counted within
herbaceous quadrats (Arctostaphylos uva-ursi and Vaccinium spp.) or belt transects
(Shepherdia canadensis) using hand-held tally counters and standardized to a per hectare
basis. A sub-sample of ripe fruit were weighed and used to estimate average fresh weight
productivity (kg/ha) for each species. Given that berries were not present for the entire
sampling period, we considered only those plots visited on or after July 15 and before
September 1 to be available for characterizing fruit presence and productivity. Finally,
we recorded the presence of ants (in mounds and/or woody debris) and ungulate pellets
using meander searches within 10 m of either side of the established transect (20 X 20 m;
400-m?). We consider ungulate pellets as an index of animal use and not a directly
scalable measure of biomass or ungulate density. Caution should be given to
interpretation of forest and non-forest occurrence of pellets, as biases are known to occur
(Collins and Urness, 1979). All analyses reported here were at the level of the plot and
thus all 5 herbaceous quadrats were combined. Taxonomy of vascular plants follows that
of Voss (1994).
2.2. Predictor variables

We dummy coded each plot to identify whether it was in a clearcut (1) or forest stand

(0). For models specifically examining food occurrence within clearcuts, we queried age
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and silvicultural history of sites using a GIS forestry database provided by Weldwood of
Canada Ltd. (Hinton, Alberta). However, given the small sample of clearcuts visited
relative to the availability of different silvicultural (site preparation) treatments, we were
forced to dissolve silvicultural history into either scarified (1) or non-scarified (0)
treatments, again using dummy coding.

To assess terrain-influenced conditions, we used a 26.7 m digital elevation model
(DEM) that described the elevation and local micro-site conditions. From this DEM, we
estimated elevation (km) for each plot. We further derived two terrain-related variables
from the DEM. First, we calculated an index of soil wetness commonly referred to as the
compound topographic index (CTI). CTI has previously been found to correlate with
several soil attributes including horizon depth, silt percentage, organic matter, and
phosphorous (Moore et al., 1993, Gessler et al., 1995). We used CTI as a surrogate for
soil conditions, since a soil survey was not available for the entire area. CTI was
calculated from the DEM using the spatial analyst extension in ArcView 3.2 and a CTI
script from Rho (2002). Our second DEM-derived variable was a slope-aspect index
(SAI) from Nielsen and Haney (1998), modified from the Beer’s aspect transformation
(Beers et al., 1966) and having the following form:

SAI = sin(aspect + 225) x (slope/45) (3-1),
where aspect and slope were derived from the DEM and measured in degrees. Slopes for
all sites were < 45°, thus the sine wave was scaled from a flat line at a 0° slope to that of
—1 (mesic northeast aspect) or +1 (xeric southwest aspect) at a 45° slope. Our final
predictor variable was average canopy cover, estimated for each plot using a spherical
densiometer (Lemon, 1956). Spherical densiometer readings were taken above each
herbaceous quadrat facing the 4 cardinal directions (north, east, south, and west) and
averaged over the entire plot (all five quadrats). Quadratic terms were fit for age, canopy,
CTTI and elevation given that non-linear relationships were likely (Vaughan and Ormerod,
2003).

2.3. Model building strategies and statistical methods
2.3.1. Grizzly bear food occurrence for clearcuts versus reference forests
We used logistic regression to contrast the occurrence of 13 grizzly bear foods (Table

3-1) for clearcuts (1) and upland forests (0). Important food resources were based on
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food habits reported elsewhere (Hamer and Herrero, 1987; Nagy et al., 1989; Hamer et
al., 1991; McLellan and Hovey, 1995). We report all logistic regression results as odds
ratios (Hosmer and Lemeshow, 1989) with the reference category being forest plots.
These odds ratios were interpreted as the odds that grizzly bear foods were occurring in
clearcuts compared with that of reference upland forest stands. We used a likelihood
ratio X test to determine the significance of individual food models.
2.3.2. Distribution of grizzly bear foods in clearcuts

We examined grizzly bear food distribution for clearcuts by modelling their
occurrence as a function of canopy, age, scarification, elevation, CTI, and SAI. Clearcut
plots were divided into 2 groups following a random sample test set validation. The first
group, the model-training group, represented a random 85% sub-sample of plots used for
model development, while the remaining sub-sample (15%), the model-testing group,
were used for assessing model performance by independent validation. Using model-
training data and explanatory variables (Table 3-2), we developed logistic regression
models describing the occurrence of each grizzly bear food item. Linear explanatory
variables were assessed for collinearity prior to modelling through Pearson correlation (7)
tests and variance inflator function (VIF) diagnostics. All variables with correlations ()
>|0.6], individual VIF scores >10, or the mean of all VIF scores considerably larger than
1 (Chatterjee et al., 2000) were assumed to be collinear and not included within the same
model structure. Using these guidelines, we found that age and canopy were strongly
correlated (» = 0.66) and therefore were not considered for inclusion in the same
candidate model. No further evidence of collinearity was evident.

Using these predictor variables, we generated 6 a priori candidate models (Table 3-
3). We evaluated model selection using Akaike’s information criteria (Burnham and
Anderson, 1998; Anderson et al., 2000) with a small sample size correction (AIC,).
Akaike weights (w;) were used to determine the approximate ‘best’ model given the data
and candidate models tested for each bear food. We assessed fit and predictive accuracy
of training data using Hosmer and Lemeshow (1980; 1989) goodness-of-fit X tests (C)
and receiver operator characteristic (ROC) area under the curve estimates. Significant C
values indicated poor fit between the model and data, while ROC scores were assessed

based on their value falling into one of three categories. Those ranging from 0.5 to 0.7
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were taken to represent ‘low’ model accuracy, while values between 0.7 and 0.9 were
considered ‘good’, and finally those above 0.9 were considered to have ‘high’ model
accuracy (Swets, 1988; Manel et al., 2001).

We used our withheld model-testing data to further assess the fit (C) and predictive
performance (ROC) as model verification. Finally, as an additional validation, we
assessed the predictive capacity of individual AIC -selected grizzly bear food models for
136 independent field plots collected for separate purposes within the same study area in
2002. Although these independent plots were collected at a different scale (5 quadrats 1-
m” in size), we felt that a general secondary validation was worthwhile. To determine the
predictive capacity of our models for these data, we chose a probability cut-off point for
AIC,.-selected grizzly bear food models that maximized both specificity and sensitivity
curves simultaneously (Swets, 1988). Using AIC -selected model coefficients, we
estimated the probability of occurrence for each grizzly bear food item and predicted
either a presence (2cut-off point) or absence (<cut-off point) for each of the 136
independent plots. We estimated the percent correctly classified (PCC) for each species
by determining the proportion of total plots correctly predicted. We considered models
with a PCC of 270% to be reasonably predictive. Finally, using the AIC -selected model
structure we estimated probabilities of occurrence for each variable and food item by
exploring the range of predictions for that factor (within the observed range; Table 3-2),
while holding all other variables in the model at their mean level. We plotted these
predictions to provide visual interpretation of responses and estimated optima.

2.3.3. Distribution of fruit in clearcuts

To examine factors influencing the occurrence of fruit production within clearcuts,
we again used logistic regression and the 6 a priori candidate models described in the
previous section. A total of 6 species were examined for fruit production: 4 species of
Vaccinium; Arctostaphylos uva-ursi; and Shepherdia canadensis. We used a conditional
modelling strategy including only those locations where the species was present to
examine fruit occurrence. At these species presence sites, we compared plots that lacked
fruit production (0) with those where fruit production was present (1) during the fruiting
period (July 15—-August 31). Failure to discriminate the two events was interpreted to

mean that berry production was random with respect to the examined variables and
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candidate models and thus simply mimicking the distribution of the species. Due to
relatively low sample sizes resulting from the absence of species and/or berry-producing
sites, along with our limited berry season, we combined both 2001 and 2002 field
seasons. Similarly, Vaccinium caespitosum and V. membranaceum were too uncommon
to model individually. Instead, we combined the two species into a Vaccinium
caespitosum-membranaceum complex. We report the general frequency of fruit, given
the presence of the species, while further estimating the position at which fruit occurrence
was maximized for individual AIC,-selected variables.
2.3.4. Fruit productivity for clearcuts and reference forests

Average productivity of Arctostaphylos uva-ursi, Shepherdia canadensis, and 4
species of Vaccinium were estimated for clearcut and upland forest stands on a per
hectare basis. We examined fruit production for 2 separate conditions during the fruiting
period: (1) presence-only sites, where average fruit production was estimated for only
those plots where that species was initially present; and (2) all sites where, regardless of a
conditional presence of the species, fruit production was estimated. Finally, we
compared the difference in estimated average fruit production for all sites within
clearcuts and forests for each species or species complex, along with the total fruit

production, by using Mann—Whitney U tests.

3. Results
3.1. Grizzly bear food occurrence in clearcuts versus reference forests

Ants, Equisetum spp., Hedysarum spp., Taraxacum officinale, Trifolium spp., and
Vaccinium myrtilloides had significantly higher occurrence in clearcuts than upland forest
sites (Table 3-4). Taraxacum officinale had the largest odds ratio at 13.9, with an
observed difference in plot frequency of 38.9% for clearcuts and only 4.4% for upland
forests. Although not as substantial, 77ifolium spp., ants, and Hedysarum spp. also had
high odds ratios of 6.7, 5.4, and 4.3 respectively, while Equisetum spp. and Vaccinium
myrtilloides had smaller, but still significant odds ratios of 2.4 and 1.8.

In contrast to those grizzly bear foods positively associated with clearcuts, 3 species,
Vaccinium caespitosum, V. membranaceum, and V. vitis-idaea, were more likely to occur

in upland forests (Table 3-4). Although Vaccinium membranaceum and V. vitis-idaea
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had similar odds ratios at 0.2, their observed frequency was substantially different.
Vaccinium membranaceum occurred at a 6.2% and 22.4% frequency for clearcuts and
upland forest stands respectively, while V. vitis-idaea was much more common with a
frequency of 51.0% for clearcuts and 81.4% for upland forests. Vaccinium caespitosum
occurrence was more similar between clearcuts and forests with an odds ratio of 0.6, but
still significantly more likely to occur in upland forests. Finally, 4 grizzly bear foods
lacked any significant difference in occurrence between clearcuts and forests. These
included Arctostaphylos uva-ursi, Heracleum lanatum, Shepherdia canadensis, and
ungulate pellets (Table 3-4).
3.2. Distribution of grizzly bear foods in clearcuts

Based on AIC, weights (w;) there was large variation in support for the 6 a priori
candidate models tested (Table 4-5). Only the scarification-canopy model had little to no
support for any one grizzly bear food. Excluding 3 species of Vaccinium that all had
support for the terrain model, no obvious patterns were evident between candidate
models and food groups. Using likelihood ratio (LR) X tests, we found all AIC -selected
models to be significant (Table 3-5), although the proportion of deviance explained
varied from a low of 2.8% for Trifolium spp. to a high of 31.3% for Hedysarum spp.
There were no significant differences in fit between training data and selected models for
any individual grizzly bear food using Hosmer and Lemeshow goodness-of-fit tests.
Testing data, however, revealed poor fit for 4 species: Equisetum spp., Hedysarum spp.,
Vaccinium membranaceum, and V. vitis-idaea (Table 3-5). Classification accuracy
(ROC) for model training data proved poor (0.5-0.7) for 5 of 13 grizzly bear foods and
good (0.7-0.9) for the remaining 8 food items. Decreasing model accuracy was evident
for testing data on all 4 species that revealed poor fit. Using independent sample data, we
found 6 of the 11 food items tested to have reasonably good (>70% PCC) prediction
(Table 3-5). Overall, we found that ants, Arctostaphylos uva-ursi, Shepherdia
canadensis, and Vaccinium myrtilloides had consistently good fit, classification accuracy,
and predictive capacity for both training and testing data. Other food items proved to be
either inconsistent between training and testing data or low in classification accuracy

suggesting that further examination and modelling was required.
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The scarification variable emerged in 7 of 13 AIC,-selected models, having strong
negative effects on the occurrence of Arctostaphylos uva-ursi, Hedysarum spp., and
Shepherdia canadensis, while weaker negative effects on ants and ungulate pellets (Table
3-6; Figure 3-1). In contrast, Equisetum spp. appeared to respond positively to
scarification. Age or overstorey canopy was represented in 10 of 13 AIC.-selected
models (Table 3-6). Non-linear responses, with maximum occurrence at intermediate
levels of overstorey canopy or age, was evident for 7 foods: ants, Arctostaphylos uva-
ursi, Equisetum spp., Hedysarum spp., Shepherdia canadensis, ungulate pellets, and
Vaccinium vitis-idaea (Figure 3-2a, 3-2b). Taraxacum officinale and Trifolium spp.
decreased in occurrence as canopy increased, while occurrence of Heracleum lanatum
increased with increasing canopy (Figure 3-2b).

Terrain-derived variables of compound topographic index (CTI), elevation, and
slope-aspect index (SAI) were selected in 9 of 13 grizzly bear food models (Table 3-6).
Non-linear responses for CTI and elevation were useful in describing ant, Arctostaphylos
uva-ursi, and Equisetum spp. occurrence. Most other foods responded in a more linear
manner, occurring with greater frequency in areas with low or high soil moisture (CTI),
low or high elevation, or xeric or mesic slopes (Figure 3-2c, 3-2d, 3-2¢).

3.3. Distribution of fruit in clearcuts

For all 6 species, the canopy model was selected as the most parsimonious model
describing fruit occurrence. Little to no support was evident for other factors influencing
fruit occurrence, once the presence of the species was fixed. Arctostaphylos uva-ursi,
Vaccinium caespitosum-membranaceum complex, and V. vitis-idaea were predicted to
occur with maximum fruit occurrence at intermediate canopy levels, 34, 34, and 64%
respectively (Table 3-7; Figure 3-3). In contrast, Shepherdia canadensis and Vaccinium
myrtilloides responded in a linear manner with maximum fruit occurrence predicted at 0
and 100% overstorey canopy respectively. Overall, Arctostaphylos uva-ursi fruit
occurred in 45% of clearcut sites, Vaccinium caespitosum-membranaceum in 20% of
sites, Vaccinium vitis-idaea in 36% of sites, Shepherdia canadensis in 68% of sites, and
finally Vaccinium myrtilloides in 46% of sites (Table 3-7). In some cases, maximum
occurrence of fruit differed from that of species occurrence. Fruit occurrence of

Shepherdia canadensis was optimal at low to negligible overstorey canopy levels, while
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the maximum predicted occurrence for the species in clearcuts was at more intermediate
canopy levels.
3.4. Fruit productivity for clearcuts versus reference forests

For clearcut locations where fruiting species were present, average fruit production
ranged from 22,700 berries/ha for Acrtostaphylos uva-ursi to 200,400 berries/ha for
Shepherdia canadensis (Table 3-8). In comparison, when disregarding the conditional
presence of the species (all sites), these estimates dropped to 6,000 berries/ha for
Acrtostaphylos uva-ursi to 36,900 berries/ha for Shepherdia canadensis. Total fruit
production for clearcuts (all sites) was estimated at 127,300 berries/ha or an estimated
fresh weight production of 22.9 kg/ha. In upland forest stands, fruit production for sites
where the species was present was estimated to range from 26,000 berries/ha for
Vaccinium myrtilloides to 150,200 berries/ha for Vaccinium vitis-idaea (Table 3-8).
Disregarding the conditional presence of the species (all sites), fruit production dropped
from an estimated abundance of 2,500 berries/ha for Vaccinium myrtilloides to 116,200
berries/ha for V. vitis-idaea. Total fruit production for upland forests was estimated at
177,100 berries/ha, the majority of which were from Vaccinium vitis-idaea, or an
estimated fresh weight production of 32.3 kg/ha. Mann—Whitney U tests revealed that
only Vaccinium myrtilloides and V. vitis-idaea fruit production differed for clearcut and
upland forest sites (Table 3-8). Vaccinium myrtilloides had significantly greater
production in clearcuts (U = 2.22, p = 0.026), while Vaccinium vitis-idaea had
significantly greater production in upland forests (U =-4.72, p <0.001). Although
species-specific differences existed, total fruit production (berries/ha) was not found to

significantly differ between clearcut and upland forest sites.

4. Discussion

Ants, Equisetum spp., Hedysarum spp., Taraxacum officinale, Trifolium spp., and
Vaccinium myrtilloides had higher frequencies of occurrence in clearcuts compared to
upland forest stands. Clearcut harvesting appeared to benefit these species through the
disturbance of overstorey canopy structure, supporting our initial hypothesis. As would
be expected and previously reported, the exotic species, Taraxacum officinale and

Trifolium spp., responded favorably to clearcutting and mechanical disturbance
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(Haeussler et al., 1999; Roberts and Zhu, 2002). Unlike these exotics, however,
Vaccinium cespitosum, V. membranaceum, and V. vitis-idaea were all more likely to
occur in upland forests, suggesting that clearcut harvesting was negatively impacting
their occurrence. We found no evidence that Arctostaphylos uva-ursi, Heracleum
lanatum, Shepherdia canadensis, and ungulate pellets occurred at different frequencies of
occurrence for clearcuts and upland forest sites, although ungulate pellets have the
potential for bias in distribution (Collins and Urness, 1979). Frequencies of
Arctostaphylos uva-ursi and Shepherdia canadensis also should be interpreted with
caution, as previous work suggests greater occurrence for early seral or open forests
(Hamer, 1996; del Barrio et al., 1999). The lack of a difference suggests that clearcut
harvesting may be impacting occurrence. Comparisons with similar open or naturally
disturbed early seral forests would be required to more fully assess these differences.

Of the 6 a priori candidate models evaluated, only the scarification-canopy model
had little to no support for any one grizzly bear food item. The remaining 5 candidate
models that included the variables canopy cover, scarification, clearcut age, CTI, SAI,
and elevation proved useful in describing local patterns of grizzly bear food occurrence
for clearcuts. Goodness-of-fit (C) and model accuracy (ROC) generally revealed model
fit and predictive accuracy, while model validation revealed reasonable accuracy of
predictions for the majority of grizzly bear foods. This suggests that maps describing
food occurrence could be derived from the models presented here. Modelling efforts of
nearby areas have already revealed the utility of using food-based models for predicting
grizzly bear habitat (Nielsen et al., 2003). The same methods could be used to derive
habitat quality maps for clearcuts.

Canopy cover and age of clearcut were strong predictors of food occurrence with
most species peaking at intermediate canopy and age levels. The scarification variable,
emerging in most AIC -selected models, had negative impacts on the occurrence of
Arctostaphylos uva-ursi, Hedysarum spp., and Shepherdia canadensis, while weaker
effects on ant and ungulate pellet occurrence. In contrast, Equisetum spp. and Vaccinium
vitis-idaea appeared to respond positively to scarification. Previous work has shown
negative affects from mechanical scarification of Ericaceae shrubs, suggesting that the

destruction of rhizomes were to blame (Zager et al., 1983; Haeussler et al., 1999; Roberts
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and Zhu, 2002). Scarification also has been suggested for declines in Shepherdia
canadensis abundance (Knight, 1999). Root and rhizome structure were likely to have
been disturbed, preventing vegetative re-sprouting (Noste and Bushey, 1987). Methods
to reduce the severity of mechanical scarification or implementation of post-scarification
remediation activities may be necessary. Terrain variables, including elevation,
compound topographic index (CTI), and slope-aspect index (SAI), were all found to be
important predictors of food occurrence. Location of species optima varied from low
elevation sites to xeric or mesic soils. Small-scale changes in terrain therefore had the
potential to influence food occurrence within individual clearcuts. Remediation should
recognize favourable resource niches when planning actions to enhance grizzly bear
habitat. Enhancing habitats near human access, however, may result in increasing the
risk of human-caused mortality for grizzly bears (Nielsen et al., 2004a). Therefore,
human access will need to be managed for sites where active remediation is occurring.
Responses in fruit occurrence sometimes differed from that of plant occurrence. For
the 6 fruit species examined, canopy cover was the only variable that was found to be
useful for predicting fruit occurrence, once the species was present. Shepherdia
canadensis, for instance, was most likely to occur at intermediate canopy levels, while
fruit production peaked in open sites. Hamer (1996) found similar patterns between
canopy and fruit production for Shepherdia canadensis. Fruit production was generally
stable until canopy cover reached more than 50%, causing precipitous declines. Fruit
occurrence for the other 5 species maximized at either intermediate or high canopy levels.
Maintenance of canopy levels below or near 50% through silvicultural thinning of
selected micro-sites favorable for fruit-bearing species could provide attractive seasonal
grizzly bear habitat through enhancement of fruit production if human access is managed.
For all fruit-bearing species, the average estimated fresh weight production of
clearcuts was 22.9 kg/ha, while upland forests averaged 32.3 kg/ha. However, no
significant difference in total fruit production was evident, although Vaccinium
myrtilloides and V. vitis-idaea were found to differ at the individual species level.
Vaccinium myrtilloides had greater fruit production in clearcuts, while V. vitis-idaea had
high fruit production in upland forests. Total fruit production for Vaccinium species was

estimated at 15.1 kg/ha and 27.6 kg/ha for clearcut and upland forest stands respectively.
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These productivity levels were more similar to those reported by Noyce and Coy (1989)
for conifer stands in Minnesota (9 kg/ha), rather than for Russia at 188 kg/ha (Cherkasov,
1974) and 296 kg/ha (Kolupaeva, 1980) or Alaska at 270 kg/ha (Hatler, 1967). Higher
productivity levels from Russia and Alaska may reflect historical artifacts from previous
forest fires or other nutrient inputs necessary for large crops (Penney et al., 1997).
Comparisons of fruit production for regenerating burns and clearcuts support this
conclusion (Martin, 1983; Zager et al., 1983). Although silvicultural management of
clearcuts rarely involves treatment with fire, such actions may be necessary to fulfill the
natural functions missing in mechanical treatments. Although total fruit production was
slightly greater for upland forest stands, availability of herbaceous foods, roots and
tubers, and ants were greater in clearcuts. Food habit studies have shown the importance
of these items in grizzly bear diets (Hamer and Herrero, 1987; Edge et al., 1990; Hamer
etal., 1991; McLellan and Hovey, 1995; Elgmork and Unander, 1999; Knight, 1999;
Swenson et al., 1999).

5. Conclusion

Despite management implications, little information is currently available regarding
specific patterns of grizzly bear foods in clearcuts. We found that clearcuts in the
foothills of west-central Alberta provided a diverse array of grizzly bear foods. Use of
clearcuts by grizzly bears in the study area was greatest during the mid-summer period
(early hyperphagia) when green herbaceous and ant feeding was at its greatest and lowest
for the late-summer period (late hyperphagia) when foraging for fruit was at its highest
(Nielsen et al., 2004b). This supports our food modelling results, as herbaceous material
and ants were more diverse and abundant in clearcuts than forests, while fruit production
was lower in clearcuts than forests. We suggest that for forested areas lacking extensive
natural openings or recent fires (e.g., extensive fire suppression), clearcut harvesting
provides a potential habitat surrogate if control of human access is addressed. Terrain,
clearcut age, canopy cover, and scarification characteristics influenced local patterns of
food occurrence, while canopy cover alone influenced fruit occurrence. Consistent with
our hypothesis, a number of grizzly bear foods increased in occurrence following clearcut

harvesting. Not all foods responded favorably, however, and thus methods of promoting
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grizzly bear food availability through forest management, including scarification and site
preparation techniques, may be required. Active management, such as the planting of
fruit-producing shrubs like Shepherdia canadensis, may further mitigate negative effects
observed from mechanical scarification. Terrain-related micro-sites, however, should be
identified for potential food plantings prior to application. Despite the maintenance
and/or enhancement of grizzly bear foods in clearcuts, further control and/or management
of human access will be required. If human access is not controlled, we suggest that food
remediation activities occur in locations that are relatively secure from human access to

avoid attractive sinks or ecological traps (Delibes et al., 2001; Nielsen et al., 2004a).
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Table 3-1. List of grizzly bear foods examined in clearcuts and upland forest stands of
west-central Alberta, Canada.

Food item Type of food or
Grizzly bear food number  feeding activity Season of use

ants 1 myremocaphagy  summer
Arctostaphylos uva-ursi 2 fruits spring and late summer
Equisetum spp. 3 herbaceous summer

Hedysarum spp. 4 roots/tuber digging spring and fall
Heracleum lanatum 5 herbaceous summer

Shepherdia canadensis 6 fruits late summer and fall
Taraxacum officinale 7 herbaceous spring and summer
Trifolium spp. 8 herbaceous spring and summer
ungulates (pellets) 9 carnivorous spring to early summer/fall
Vaccinium caespitosum 10 fruits late summer and fall
Vaccinium membranaceum 11 fruits late summer and fall
Vaccinium myrtilloides 12 fruits late summer and fall
Vaccinium vitis-idaea 13 fruits late summer and fall
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Table 3-2. Environmental variables used to predict the occurrence of grizzly bear foods
within west-central Alberta clearcuts. Variable code used for candidate models, variable
description, units (with range for non quadratic parameters), and data sources are
presented.

Variable

code Variable description Units and range Data source

age age years (0 to 46) GIS forest polygons
canopy canopy % canopy (0 to 100) Field measurements
cti compound topographic index (CTI) index (8 to 21) GIS model from DEM
elev elevation metres (957 to 1596) DEM

scar scarification yes (1) or no (0) GIS forest polygons
sai slope-aspect index index (-1to 1) GIS model from DEM
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Table 3-3. 4 priori candidate models used for assessing distribution of grizzly bear foods
within clearcuts of west-central Alberta. Model number, parameter structure (variables),
name, and total number of parameters (including constant) used for calculating Akaike
weights (w;) for model selection.

Model Model Model

number structure name K
1 scar+age+age” scarification-age 4
2 scar-+canopy-+canopy” scarification-canopy 4
3 cti+cti*+elev+elev’+sai terrain 7
4 canopy-+canopy” canopy 3
5 scar+age+age’+cti+cti*+elevtelev’+sai mixed-age 9
6 scar-+canopy-+canopy +cti+cti’+elev+elev’+sai mixed-canopy 9
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Table 3-4. Frequency of occurrence for 13 grizzly bear foods within clearcut (n = 355)
and reference forest (n = 183) plots. Odds ratio (+ S.E.) of finding grizzly bear foods
within clearcuts of west-central Alberta when compared to reference upland forest stands
are reported from logistic regression models. Model likelihood ratio (LR) X test and
associated significance (p) levels are reported.

Clearcut  Forest Odds Model

Grizzly bear food item frequency frequency ratio S.E. LRY p

ants 65.9 26.2 5.44 1.098 78.42 <0.001
Arctostaphylos uva-ursi 21.7 19.1 1.17 0.267 0.49 0485
Equisetum spp. 43.9 24.6 2.40 0.486 20.01 <0.001
Hedysarum spp. 10.7 2.7 4.27 2.069 12.29 0.001
Heracleum lanatum 4.2 5.5 0.76 0.320 041 0.523
Shepherdia canadensis 17.8 14.2 1.30 0.330 1.12  0.290
Taraxacum officinale 38.9 4.4 13.92 5.253 88.92 <0.001
Trifolium spp. 23.4 4.4 6.67 2.554 37.23 <0.001
ungulates (pellets) 36.1 39.9 0.85 0.159 0.76  0.385
Vaccinium caespitosum 37.8 49.7 0.61 0.113 7.09  0.008
Vaccinium membranaceum 6.2 224 0.23 0.229 28.87 <0.001
Vaccinium myrtilloides 14.7 8.7 1.79 0.540 4.02 0.045
Vaccinium vitis-idaea 51.0 81.4 0.24 0.517 50.22 <0.001
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Table 3-5. AIC.-selected models and Akaike weights (w;) with corresponding metrics of overall model significance, fit, and
classification accuracy using training and testing data. All model likelihood ratio (LR) X* tests were significant at p<0.05. Percent
deviance (Dev.) explained represented the reduction in the log likelihood from the null model. Probabilities for Hosmer and
Lemeshow (1980) goodness-of-fit x* statistic (p C) were reported for model and data fit, while receiver operating characteristic (ROC)
curves were used to assess model classification accuracy. Independent (Ind.) data from a concurrent study was used to assess the
percent correctly classified (PCC) based on specified optimal probability cut-off levels.

AIC. selected AIC, Model % Dev. Training data Testing data ~ Optimal Ind.

Grizzly bear food item model w;  LRYX® explained p C ROC pC ROC cutoff PCC
ants mixed-age 0.977 62.33 16.0 0.338 0.755 0.631 0.742 0.5452 -

Arctostaphylos uva-ursi mixed-canopy  0.892 78.81 24.1 0.063 0.825 0.342 0.705 0.3120 72.79
Equisetum spp. mixed-canopy  0.935 44.58 10.8 0919 0.719  0.031 0.547 0.4838 87.50
Hedysarum spp. mixed-canopy  0.997 62.59 31.3 0.442 0.860 <0.001 0.640 0.0934 91.18
Heracleum lanatum canopy 0.690 6.11 5.7 0.545 0.667  0.151 0378 0.0275 47.06
Shepherdia canadensis mixed-age 0.692 80.96 28.9 0960 0.862 0470 0.814 0.2115 83.82
Taraxacum officinale canopy 0.515 26.18 6.6 0.174 0.660  0.236 0.643 0.3522 64.71
Trifolium spp. canopy 0.623  9.21 2.8 0.662 0.615 0.793 0.670 0.2569 58.09
ungulates (pellets) scarification-age 0.548 18.25 4.6 0.958 0.644 0.564 0.604 04212 -

Vaccinium caespitosum terrain 0.512 1242 3.1 0.325 0.617 0.596 0.616 0.3840 47.06
Vaccinium membranaceum terrain 0.608 14.58 10.7 0.151 0.716 0.027 0.612 0.0527 84.56
Vaccinium myrtilloides terrain 0.681 51.31 19.4 0.306 0.806  0.722 0.750 0.1547 67.65
Vaccinium vitis-idaea mixed-age 0.388 17.74 4.3 0424 0.632 0.012 0.487 0.5231 86.03
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Table 3-6. Estimated coefficients (£3) and standard errors (in parentheses) for AIC.-selected models describing the probability of
occurrence for grizzly bear foods within clearcuts of west-central Alberta, Canada.

Grizzly bear food item

scarify  age

Yage’ canopy ‘canopy’

cti cti’ elev  ‘elev? sal  constant

ants

Arctostaphylos uva-ursi
Equisetum spp.
Hedysarum spp.
Heracleum lanatum
Shepherdia canadensis
Taraxacum officinale
Trifolium spp.
ungulates (pellets)
Vaccinium caespitosum
Vaccinium membranaceum
Vaccinium myrtilloides

Vaccinium vitis-idaea

0.579 0303 -0.561
(0.582) (0.048) (0.100)
-0.836 0.033
(0.596) (0.020)
0.768 0.005
(0.566) (0.015)
2.113 0.138
(0.858) (0.040)
-0.008
(0.033)
1246 0228 -0.348
(0.627) (0.094) (0.167)
-0.031
(0.015)
-0.012
(0.017)

-0.295 0.143 -0.234
(0.476) (0.045) (0.091)

0.647 0.094 -0.243
(0.501) (0.041) (0.087)

-0.582
(0.255)
-0.249
(0.184)
-2.648
(0.731)
0.304
(0.344)

0.119
(0.179)
-0.035
(2.077)

0816 -0.027 -0.021 0.074 3.149 6.890
(0.666) (0.028) (0.017) (0.065) (1.197) (11.259)
1.691 -0.064 0.030 -0.156 6.677 -23.496
(0.859) (0.036) (0.027) (0.111) (1.895) (17.123)
0296 0.025 0.044 -0.173 -1.862 -28.222
(0.794) (0.035) (0.016) (0.065) (1.082) (11.501)
0393 0.022 0.082 -0.367 -1.928 -44.268
(1.000) (0.040) (0.045) (0.187) (2.733) (27.005)
3.618
(0.611)
0469 0.011 0.055 -0264 2.848 -26.675
(0.766) (0.031) (0.045) (0.185) (1.991) (27.218)
0.189
(0.203)
-0.816
(0.222)
-1.950
(0.640)
-0.008 0.0002 0.039 -0.154 2.490 -25.035
(0.595) (0.025) (0.017) (0.066) (1.049) (11.228)
1.819 -0.092 -0.068 0.264 -3.831 30.785
(2.700) (0.128) (0.023) (0.089) (2.212) (20.154)
1.070 -0.050 -0.020 0.045 1.357 10.587
(1.234) (0.055) (0.027) (0.110) (1.863) (17.696)
-0.049 -0.0002 -0.041 0.154 0235 26.136
(0.586) (0.025) (0.015) (0.060) (0.995) (10.423)

§Coefficients for age2 are 100, for canopy?2 1,000, and for elev2 10,000 times their actual size.
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Table 3-7. Percent frequency (freq.) of fruit, given the presence of the species, for clear-
cuts in west-central Alberta. Estimated coefficients (£) for AIC.-selected models
describe the probability of fruit occurrence (given food item presence). Predicted optima
(highest probability of occurrence) for fruit occurrence are reported. Coefficients for
canopy” are 100 times their actual value.

% freq.  Canopy ‘Canopy” Constant Predicted
Fruit species/group offruit S S.E. L S.E. £ S.E. optima
Arctostaphylos uva-ursi 45.0 0.122 0.063 -0.194 0.101 -1.016 0.700 34
Shepherdia canadensis 67.9 -0.003 0.052 -0.019 0.060 1.317 1.009 0
Vaccinium caespitosum- -5, o068 0,037 -0.101 0.050 -1.778 0.525 34
membranaceum
Vaccinium myrtilloides 45.5 0.008 0.047 0.020 0.061 -0.491 0.677 100
Vaccinium vitis-idaea 355 0.093 0.030 -0.073 0.032 -2.579 0.609 64

SCoefficients for canopy” are 100 times their reported value.
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Table 3-8. Average (+ S.E.) fruit production (reported by 1000’s of berries) per hectare (ha) for 5 grizzly bear food groups in clearcuts
and reference upland forest stands of west-central Alberta. Reported are estimates of berry production for sites where the species was
present (presence-only) and for all sites regardless of its presence (n = 180) for only those plots occurring after July 14 when fruits are
available. Estimated fresh weight production (kg/ha) for each food item is reported for all sites (an average clearcut or reference forest
stand) based on an average berry field weight.

Average berry Clearcuts Reference upland forest stands

Grizzly bear food item weight (g)  Presence-only All sites’  kg/ha Presence-only All sites’  kg/ha
Arctostaphylos uva-ursi 0.186 22.7+6.2 6.0 £6.2 1.11 30.0 £11.1 5.7%23 1.05
Shepherdia canadensis 0.180 2004 £117.4  36.9£22.2 6.65 98.0 £34.4 19477 349
Vaccinium caespitosum- 0.242 38.8 £15.9 237495 5.73 48.6 +18.3 33.4+12.6 8.08
membranaceum
Vaccinium myrtilloides 0.142 124.6 +45.4 27.1 £10.6° 3.84 26.0 £17.6 25+1.8"° 035
Vaccinium vitis-idaea 0.165 479+14.1  33.7%10.17 5.56 150.24#26.9  1162+21.7 19.18

Total 127.4 22.9 177.2 32.3

STest of difference in fruit production for each species between clearcuts and reference forest stands (Mann-Whitney U-test). *** = p < 0.001,
**=p<0.01, *=p<0.05
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Figure 3-1. Predicted probability of occurrence for AIC -selected grizzly bear food items
in scarified and non-scarified clearcuts. All other environmental factors included in the
selected AIC,. model were held at their mean level.
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Figure 3-2. Predicted probability of occurrence for AIC -selected grizzly bear food items
in each of the 5 environmental gradients used for describing food occurrence. For each
gradient (graph’s a. through e.), remaining factors in the selected AIC. models were held
at their mean level. Numbers adjacent to each line correspond to the identification of
grizzly bear food items defined in the upper left of the graph and in Table 4-1.
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Figure 3-3. Predicted probability of fruit occurrence within clearcuts of west-central
Alberta for sites where the fruit-bearing species was conditionally present. Numbers

along each predicted line correspond to a bear food (2-Arctostaphylos uva-ursi, 6-

Shepherdia canadensis, 10/11-Vaccinium caespitosum and V. membranaceum, 12-
Vaccinium myrtilloides, and 13-Vaccinium vitis-idaea).
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Chapter 4

Modelling the spatial distribution of human-caused grizzly bear mortalitiesin

the Central Rockies Ecosystem of Canada®

1. Introduction

Large carnivores are particularly vulnerable to extinction because of their low density,
high trophic level, and low reproductive rates (Russell et al., 1998; Purvis et al., 2000a;
2000b). Anglo-European settlement of previously ‘unoccupied’ lands together with
increasing human density have been well correlated with historic carnivore extirpations
(Woodroffe, 2000; Mattson and Merrill, 2002). Currently, however, effective land-
management policies can be important determinants of population persistence (Channell
and Lomolino, 2000; Linnell et al., 2001; Homewood et al., 2001). For North American
grizzly bears, Ursus arctos, populations and distributions have been substantially reduced
in the past century (Mattson and Merrill, 2002). Much of this loss has occurred in the
contiguous United States and southern Canada (McLellan, 1998) and can be explained by
historic conflicts between humans and bears reflecting pioneering attitudes and
corresponding to two of Diamond’s (1989) evil quartets of extinction: overkill and habitat
destruction/fragmentation.

Much research on grizzly bear conservation has focused on habitat selection and the
spatial distribution of grizzly bear habitats using radiotelemetry data (e.g., Mace et al.,
1996; 1999; Waller and Mace, 1997; Nielsen et al., 2002). Common factors used to
describe bear occurrence include landcover or vegetation type (Mace et al., 1996;
McLellan and Hovey, 2001), distance to streams and forest edge (Nielsen et al., 2002;
Theberge, 2002) vegetation indices from satellite data, such as greenness (Mace et al.,
1999; Stevens, 2002), and terrain ruggedness (Theberge, 2002; Naves et al., 2003).
Although substantial information on the spatial occurrence of bears exists, relatively little
has been done to examine how spatial factors, especially human-related features,

influence human-caused grizzly bear mortality in local populations (see however,

? This chapter was published in November 2004 (volume 120, issue 1, pp. 101—113) in Biological
Conservation by Nielsen, S.E., Herrero, S., Boyce, M.S., Mace, R.D., Benn, B., Gibeau, M.L., Jevons, S.
Reprinted with permission from Elsevier.
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Johnson et al., 2005; Mattson and Merrill, 2004). It is well accepted that survival,
particularly of adult females, is the most important factor shaping population growth and
long-term viability of grizzly bear populations (Wiegand et al., 1998; Pease and Mattson,
1999; Boyce et al., 2001; McLoughlin et al., 2003). Given the threatened status and/or
nature of many remaining grizzly bear populations, including those in the Central
Rockies Ecosystem (McLellan, 1998), the identification of mortality sinks (Knight et al.,
1988) is crucial to the future conservation of grizzly bears. Mortality risk maps may be
useful for describing habitat-based population viability (Boyce, 2002) or the
identification of bear habitats and core areas with high conservation value based on
multidimensional habitat models of survival and reproduction (Naves et al., 2003).
Although methods are well developed for survival modelling (Cox and Oakes, 1984),
most areas of current grizzly bear range lack the required information on individual
exposure and death. Alternative approaches that make use of ad hoc government
mortality records are required. Development of regional spatial mortality risk models for
grizzly bears would be an important contribution to conservation.

Grizzly bear populations within Canada, although not as reduced as within the
contiguous United States, still face substantial pressures from habitat degradation and
reduced population growth rates caused from excessive mortality (McLoughlin et al.,
2003). Currently, only 37% of the 3.5-million-km? grizzly bear range is considered
secure, with the remaining 63% considered vulnerable (Banci et al., 1994). Risks
associated with these vulnerable populations are the expansion and development of
resource extraction activities, including oil and gas exploration and development, timber
harvesting, and mining. Previous research on human-caused grizzly bear mortality has
shown a strong relationship between bear mortalities and roads (McLellan, 1989). As
resource extraction activities enter an area, initially without much access, road
construction provides entry for hunters, poachers, and settlers, the major cause of grizzly
bear mortality (McLellan, 1989). Even in ‘pristine’ landscapes such as national parks
where grizzly bears are protected from hunting, as much as 100% of known adult grizzly
bear mortalities occurred within 500 m of roads or 200 m of high use trails (Benn and
Herrero, 2002). Likewise, examinations of survival and mortality in the Greater

Yellowstone Ecosystem revealed the highest risk of mortality for grizzly bears in areas of

74



high road density and for those animals experiencing repeated management actions
(Boyce et al., 2001; Johnson et al., 2005). Most often, researchers have focused on
habitat selection and assumed that the identification of areas most frequently occupied by
animals represent high quality habitats or contribute to fitness (Garshelis, 2000). In
certain circumstances, however, areas frequented by animals and therefore identified as
‘high’ quality habitat within habitat models, can be considered attractive sinks where risk
of mortality is high (Delibes et al., 2001; Naves et al., 2003). Identifying attractive sinks
as high quality habitat would be misleading for management and conservation action.
Research that identifies mortality sinks, or the opposite secure high-quality sites, as it
relates to human features, terrain, and vegetation, is important if our goal is to maintain
viable future populations of grizzly bears.

In this paper, we develop predictive models and maps that describe the distribution of
human-caused grizzly bear mortalities for the Alberta and Yoho National Park portions of
the Central Rockies Ecosystem of southern Canada. Our goal was to understand, through
modelling, the relationships among bear mortality locations and landscape-level
physiographic and human variables. More specifically, we were interested in: (1)
examining the spatial density of grizzly bear mortalities; (2) evaluating possible
differences in the physiographic attributes of mortality locations relative to demographic
status, season, and mortality type; and (3) developing predictive models that estimate the
relative probabilities of bear mortality (risk) given multi-variable combinations of
physiographic variables. Our working hypothesis is that grizzly bear mortalities are
related to factors describing human accessible habitats in those locations where bears are
likely to frequent. Mattson et al. (1996a; 1996b) conceptualises this as the frequency of
contact between bears and humans. At increasingly larger spatial and temporal scales,
however, the lethality of contact can differ based on jurisdictional boundaries and
temporal changes in management regime (Mattson et al., 1996a; 1996b; Mattson and
Merrill 2002). We attempt to examine spatial expressions of these concepts in the
Central Rockies Ecosystem of Canada using empirical modelling of grizzly bear
mortality locations, animal use locations, and geographic information system (GIS) data

typical of most grizzly bear habitat models.
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2. Study Area

This study encompassed a 29,264-km? area of the Central Rockies Ecosystem (CRE)
in southern Alberta and a small portion of adjacent British Columbia, Canada (Figure 4-
1). This study area encompasses a portion of the known distribution of grizzly bears in
western Canada. This area included Banff and Yoho National Parks and an Alberta
Provincial area south of Banff referred to as Kananaskis Country. The area was bordered
to the west by the Continental Divide and Yoho National Park, being no further than
117.0°W longitude. The northern boundary was primarily along Highway 11 and
occurred south of 52.5°N latitude. The southern border was at latitude 50.0°N, while the
east border was irregular in shape, but no further east than 114.0°W longitude. Legal
harvest of grizzly bears, through a limited entry spring hunt since 1988, occurred in the
areas outside of Banff and Yoho National Parks and Kananaskis Country (Figure 4-1).
Mountainous terrain dominated the study area with elevations varying from 839 m along
the North Saskatchewan River at Rocky Mountain House to 3,588 m along the
Continental Divide. Given a strong gradient in elevation, a diverse array of local
ecosystems and plant communities existed, but most generally could be divided into the
following 5 ecoregions: (1) alpine; (2) sub-alpine; (3) upper boreal-cordilleran; (4) aspen

parkland; and (5) montane.

3. Methods
3.1. Mortality location data

We collected grizzly bear mortality information across the CRE for a 32-year period
from 1971 to 2002. Mortalities were defined as both dead bears and those bears
translocated a sufficient distance to be considered eliminated from the population. For
each mortality record, the location (UTM coordinates), accuracy of location, month, year,
sex, age, and cause of mortality were obtained from National Park and Provincial
management records (Benn, 1998; Benn and Herrero, 2002). However, because locations
of mortalities in Alberta were provided at the scale of the township, and some mortalities
in the National Parks were imprecise or missing, persons involved with the mortality
event were interviewed to associate specific coordinates on a map and locations were

then digitised into a GIS. Accuracy for each observation was categorized from accurate
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(<100 m) and reasonable (within a stated distance to a known road, trail, or drainage
development), to an estimate or unknown accuracy. For spatial mortality models, we
used 279 accurate and reasonably accurate locations that were associated with human-
caused events (e.g., we removed the relatively few natural mortality events and those
with inaccurate assignments). Bear mortalities from human causes were classified into 2
classes: (1) legal harvest; and (2) non-harvest/other (self-defense, First Nation, accidents,
railroads, highway, problem wildlife, research, and translocation).

3.2. GIS (spatial) predictor variables

We generated 7 geographical information system (GIS) layers that were related to land
cover, terrain, and humans. Land cover was estimated from Landsat TM satellite
imagery dated from 1995 to 1998 and occurring at a 30-m pixel resolution. Land cover
was initially classified into 9 classes: conifer forest, deciduous forest, shrub, avalanche,
grass, cropland, ice/snow, rock/bare soil, and water (Wierzchowski, 2000). Based on
ground truth locations, the overall accuracy of this map was 76% with a kappa index of
agreement at 0.712 (J. Theberge and S. Jevons, unpublished data, 2002). This map was
further simplified by reclassifying the image into 5 more general land cover categories,
since a number of classes were rare and/or ecologically similar for our purposes. These
reclassified categories were conifer forest, deciduous forest, shrub (shrub and avalanche),
grassland (grass and cropland), and non-vegetated areas (ice/snow, rock/bare soil, and
water). Under this classification, there was an overall accuracy of 81%. From the
classified land cover imagery, we further derived a grid (30-m pixel) representing the
distance (km) to edge of any nearest land cover.

Using the same satellite imagery, we derived a greenness index based on a tasselled-
cap transformation of the Landsat TM bands (Crist and Ciceron, 1984), which has been
found to relate to leaf area index (LAI) and vegetation productivity (White et al., 1997;
Waring and Running, 1998). Greenness has previously proven useful for identifying
grizzly bear use in mountainous regions (Manley et al., 1992; Mace et al., 1996; 1999;
Gibeau et al., 2002; Nielsen et al., 2002; Stevens, 2002), and as such has been recognized
as a surrogate of grizzly bear habitat quality (Stevens, 2002).

Using hydrographic GIS data, we also derived a 30-m grid that represented the

distance (km) to any nearest water feature (water body, permanent stream, intermittent
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stream, indefinite stream). As a final distance metric, we calculated, again in a 30-m
grid, the distance (km) to nearest linear human use feature (motorized or non-motorized),
but did not include exploratory seismic lines that are common to areas outside of the
Parks. To characterize terrain, we generated a terrain ruggedness index (TRI) within
300-m circular moving windows, as previous examinations have found this scale to be an
important predictor of bear occurrence (Theberge, 2002). The equation for TRI,
modified from that of Nellemann and Cameron (1996) and calculated in a GIS with a 30-
m DEM, was as follows:

(aspect variation x average slope)/(aspect variation + average slope)
100

where aspect variation was measured in a 300-m circular window surrounding each pixel

TRI =

(4_1)9

and calculated following the relative richness index of Turner (1989) as the proportion of
total number of aspect classes in the moving window over the maximum number of
aspect classes in the study area. Slope average was calculated for each pixel based on the
average of slopes for all pixels within 300-m circular windows. Excluding TRI and
distance to water, the remaining GIS predictor variables were temporally relevant to only
the most recent mortality events. We thus make the assumption that the majority of
features were established near to or before 30 years ago. We examined potential
collinearity between the above linear predictors by using Pearson correlations and
variance inflation factors (VIF). Collinearity was assumed if correlations were >|0.6| or
the VIF scores were much greater then one (Chatterjee et al., 2000). Given these
examinations, we excluded eleva