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I)  INTRODUCTION
Grizzly bears present unique challenges to scientists and wildlife managers. They

are complex animals which have evolved many traits that allow them to exploit the niche
of an opportunistic omnivore. Grizzlies travel large distances, display a wide range of
behavior that differs between individuals, have long life spans, live at low densities and
have low reproductive rates. These characteristics make them logistically difficult and
expensive to study. Consequently, wildlife managers in a particular area are forced to
extrapolate from knowledge gained in other often very different ecosystems. This
situation is particularly important because of the unique relationship between humans and
grizzly bears. Grizzlies are hunted, both legally and illegally, and killed for control
purposes. They are also particularly sensitive to human-caused changes in their
environment, such as those caused by logging and other industrial activities. Furthermore,
they are a “high profile” species, and are regarded by the public with special interest. 

The Kootenay Region of British Columbia is an important area for grizzly bears.
It contains a diverse array of ecosystems and several areas with little human disturbance.
By virtue of its geographical location, the Kootenay Region serves as a population source
for smaller populations in Alberta and the lower forty-eight states of the U.S. However, as
in every other part of their range, human pressure on grizzly bears and their habitat in the
region is increasing.  Two small sub-populations in the Kootenay region (south Selkirks
and Cabinet-Yahk) are at least partially isolated and particularly at risk.   If grizzlies are
to survive, proper management that integrates human activity with grizzly bear ecology is
required.

The objective of this report is to summarize grizzly bear habitat use as it is
currently understood and to suggest habitat management options for the Kootenay Region
of B.C.  These options include a method for managers to map and classify avalanche
chutes in order to apply current habitat guidelines. We draw heavily from a previous
report written by Mowat (1998); several sections are inserted verbatim.  Readers
interested in our discussion of mapping and classifying avalanche chutes should skip to
section IV, the discussion of habitat guidelines can be found in section V.

II)  CURRENT RESEARCH ON GRIZZLY BEARS
There have been more studies of grizzly bears in the Kootenay region than in any

other region of B.C. There are several efforts currently underway which should shed new
light on landscape, stand, and site level habitat use of grizzly bears.  Two groups are
currently analyzing DNA inventory data to infer landscape scale habitat use patterns in
the Kootenay region (Apps and McLellan, unpubl. data; Nams, Mowat and Panian, in
prep.). Ramcharita (in prep.) is currently studying site level habitat use of avalanche
chutes near Revelstoke, B.C..  Grizzly bear studies at Revelstoke and the Flathead area of
southeast B.C. will present results of habitat selection analysis in the next few years
(Woods et al. 1997, B. McLellan, pers. comm.).  Wielgus et al. (1998) have recently
finished a series of habitat selection analyses using data collected in the south Selkirk
area of the West Kootenays.  There are a number of other grizzly bear studies that are
relevant to the Kootenay Region of B.C., such as projects in Banff, Alberta and one
beginning this year in the Foothills Model Forest, west-central Alberta.
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III)  A REVIEW OF GRIZZLY HABITAT USE

Diet
Diet is one of the most important and frequently studied aspects of grizzly bear

ecology. Reproductive parameters such as litter size, age of first reproduction and
breeding interval are strongly correlated with the nutritional status of female bears
(Bunnell and Tait 1981), and social interactions linked to food abundance may ultimately
regulate population densities (McLellan 1994). Grizzly bears have evolved to assume the
ecological niche of opportunistic omnivore. Diets commonly include herbaceous
vegetation, roots, berries, invertebrates, fish and both small and large mammals (Mace
and Jonkel 1986, Hamer and Herrero 1987, Mattson et al. 1991, McLellan and Hovey
1995). Grizzlies have evolved several dental adaptations that allow them to exploit
multiple food resources. These include loss of the specialized carnassial teeth, widening
of the molars for grinding plant material, and retention of the enlarged canine teeth for
capturing prey (Herrero 1978, Stirling and Derocher 1990). However, this move away
from obligate carnivory, a trait exhibited by most other members of Order Carnivora, has
come at a cost. Grizzly bears have retained a short digestive tract and thus digest plant
material poorly (Bunnell and Hamilton 1983, Pritchard and Robbins 1990).
Consequently, grizzly bears are likely constrained by both food quantity and quality, and
are forced to seek out the most nutritious food resources as they become available over
time (Bunnell and Hamilton 1983, Stirling and Derocher 1990). In the following
paragraphs we review seven studies of grizzly bear diet that are ecologically relevant to
the Kootenay region. We group food species as much as possible to simplify
comparisons.  Table 2 presents greater detail of species selected by season.  Latin names
for plants can be found in Parish et al. (1996).

Servheen (1983) studied food habits of bears in northwest Montana.  He found
that bears ate grasses and horsetails throughout the year.  The spring diet consisted of
forbs and ferns, insects, mammals and overwintered berries.  In summer, the use of forbs
and fern decreased and use of berries and domestic fruit trees increased.  Insects became
important in early fall; the late fall diet was dominated by domestic fruits.  Mace and
Jonkel (1986) present food habit data for 4 areas of Montana and noted considerable
variation among areas.  Grasses and sedges, horsetails, clover, and dandelions were eaten
by bears in all four areas.  Berries were eaten in fall but the species taken varied.
Huckleberries were most common in the two Flathead valley study areas while bears
living on the east slopes of the Rockies ate mainly chokecherry and soapberry.  The more
southern Mission mountain bears ate mainly domestic fruit in fall as reported by Serhveen
(1983).  The use of  forbs, mostly Umbelliferae, varied among areas.  Pine nuts were an
important fall food only in the east slopes population.

Simpson et al. (1985) presented food habit data for grizzlies north of Revelstoke
B.C.  They found that bears ate mammals, equisetum, clover, grasses and sedges in
spring.  The diet was much more variable in summer but grasses, horsetail and berries
were common.  In fall berries dominated the diet but grasses and sedges were also eaten.

Mattson et al. (1991) investigated bear food habits in the Yellowstone area.  In
early spring bears fed on ungulates, grasses, and to a lesser extent forbs.  In late spring
and throughout the summer, grasses and forbs dominated the diet while fish and insects
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contributed to a lesser extent.  The fall diet varied widely year to year; pine nuts, roots,
and berries were common fall foods and ungulates were also used in some years.
Horsetail was included with forbs in this analysis.

Hamer et al. (1991) presented food habit information for grizzlies in Waterton
Lakes National Park.  They found that bears ate hedysarum in early spring.  As spring
progressed bears moved to other forbs such as angelica, glacier lilies, cow-parsnip, and
grasses.  Bearberries were a less important component of the spring and fall diet.  In late
summer berries, mainly vaccinium species, dominated the diet.   As fall progressed
berries became less important and bears began to dig hedysarum roots again.  Hamer and
Herrero (1987) present similar results for bears in Banff except soapberries replaced
vaccinium as the fall berry source. The forb component of the summer diet in Waterton
was largely replaced by horsetail in the dryer Banff environment.

McLellan and Hovey (1995) studied food habits in the Flathead valley of B.C. and
Montana.  They found that bears ate ungulates and roots, primarily hedysarum, directly
following den emergence.  In May, the use of forbs, horsetails, and grasses increased.
These three categories dominated the diet until mid-July, when berries became the
dominant food item.   Berries were the dominant food item into September; roots and
ungulates became more important as fall progressed.  Cow-parsnip was the most common
forb used and huckleberry was the most common berry species taken.  These authors and
Mattson et al. (1991) demonstrated considerable year to year variation in diet.  When the
huckleberry crop failed bears appeared to replace this food item with soapberries. 

In summary, we expect that grizzly bears in the Kootenay Region will make use of
many food resources and that diet will vary throughout the region due to habitat variation.
Some broad trends are expected. Major bear foods in the spring season will include
grasses, sedges, forbs, roots (bulbs and corms), and adult and neonate ungulates (Hamer
and Herrero 1987, McLellan 1995). The major diet item in the summer will be berries,
primarily soapberry and huckleberry, but other foods such as forbs and insects will also
be eaten. The fall season diet will contain a smaller, though substantial proportion of
berries as they are depleted, and an increasing component of other food species such as
forbs, bulbs and corms, insects, and ungulates.  There is evidence to suggest that berries,
which are high in energy content and are easily digestible (Bunnell and Hamilton 1983,
Pritchard and Robbins 1990), play a critical role in the nutritional status of bears, and
hence population growth (Rogers 1976, Young and Ruff 1982, Schwartz and Franzmann
1991). These studies have established a correlation between berry abundance and the
reproductive success of female bears. Preliminary work by Gallagher (1998) has found
that female black bears in the Flathead Valley continued to lose body fat throughout the
spring season, and fat reserves, which are indicative of nutritional status and are required
for denning, only increased in the summer (also see Reiner 1996). Berries are the
principle summer diet item, are high in energy content and are easily digestible (Bunnell
and Hamilton 1983, Pritchard and Robbins 1990).  This hypothesis has implications for
habitat management recommendations, which will be discussed later in this report.

Habitat Selection
There are two important concepts that become apparent after reviewing the

literature on grizzly bear habitat selection. First, because bears are opportunistic



Grizzly Bear Habitat Guidelines for the Kootenay Region of British Columbia

Timberland Consultants Ltd. 6

omnivores and utilize many different food resources, they also utilize many different
types of habitat. As stated in the section on diet, bears are likely constrained by both food
quantity and quality and are forced to seek out the best food resources as they become
available over time (Bunnell and Hamilton 1983, Stirling and Derocher 1990). Grizzlies
have evolved a large body size, which enables them to travel large distances efficiently as
well as store large fat reserves that are needed to survive periods of food shortage
(Stirling and Derocher 1990). Second, there is considerable variation in habitat selection
between individuals and age/sex classes within a given population (McLellan 1989, Mace
et al. 1996, Mattson 1997a,). Bears are intelligent and long lived, and the ability for an
individual to learn how to access the best resources in its environment is likely adaptive.
It should not be surprising that different bears in the same area may have different
strategies for surviving in a patchy and variable environment. In the following paragraphs
we review nine studies of grizzly bear habitat selection that are ecologically relevant to
the Kootenay Region of B.C.

Zager et al. (1983) studied habitat use of grizzlies in the mountains of northwest
Montana.  They found bears preferred avalanche chutes, ridgetops, and riparian areas in
spring.  In summer, use shifted away from avalanche chutes to shrubfields which included
natural burns and slabrock habitats; riparian areas and ridgetops continued to be selected.
These authors found little use of cutblocks; they felt the probability of use was not related
to food supply but was related to physical features such as block size, shape, and distance
to cover and open roads.  Servheen (1983) also studied habitat selection in the same area.
He found that bears selected for low elevation riparian areas and seeps (upslope mesic or
hygric sites) during spring.  This is the only study we reviewed where bears did not select
for avalanche chutes in spring in study areas where they were available. This result may
be explained by the small numbers of bears he followed and the variation in behavior
between individual bears (Mace et al. 1996).  In summer, bears selected for alpine,
slabrock habitats, and seeps.  In fall, bears also chose slabrock and seeps, in addition to
other riparian areas.  Bears did not select for timbered areas at any period of this study
though they received considerable use.  Cutblocks were used but did not appear to be
selected.

McLellan (1989) studied grizzly habitat use in the Flathead valley of southeast
B.C.  He identified two life history strategies based on yearly movement patterns.  Some
bears moved up and down in elevation through the year and McLellan (1989) called these
bears elevational migrants. Other bears remained at higher elevations throughout the year
and he called these mountain bears.  In early spring, bears primarily used forested areas in
search of ungulates and sweet clover, followed by riparian areas.  Later in the spring bears
switched to feed in riparian areas and avalanche chutes though some use of forest
continued along with some use of burns at higher elevations.   In summer, all bears were
found primarily in burns, and cutblocks were seldom used.  Burns which had canopy
closure between 5-30% were selected more often than those with less than 5% closure.  In
fall, habitat use included slabrock and riparian areas including meadows, along with some
use of forested areas.  McLellan (1989) points out that bears that follow an elevational
migration strategy will be compromised in areas where the riparian habitats in large
valleys are settled or flooded.  He also reviews three habitats that are of special
importance to bears: avalanche chutes, riparian areas, and burns.  McLellan (1989)
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suggests these areas need protection and perhaps enhancement; he also mentions that
certain forested habitats may be important also, but more detailed habitat analysis would
be needed to identify priority forested habitats.

Simpson et al. (1985) studied bears in the interior mountains near Revelstoke B.C.
They found that bears used riparian areas, low elevation cedar-hemlock forest and
avalanche chutes during the spring.  In summer, bears moved up in elevation and selected
for upper elevation spruce-fir forests, natural burns, and avalanche chutes.  They suggest
that valley bottom spruce-cedar forests may be important forested sites for bears though
their analysis did not have the resolution to show this.  These sites were characterized by
deep, moist alluvial soils, <15% slopes, and minimal canopy closure.  The authors felt
these sites provided abundant food species and easy digging.  One habitat class in their
study was slash which the authors describe as cutblocks with slash ground cover.  This
habitat type was used less than natural burns, though both classes were presumably early
seral habitats.  The authors felt the cutblocks received less use because they grew over
with woody species and were on moderate slopes which cleared of snow later than steeper
areas.  Some upper slope southwest facing cutblocks produced berry crops and were fed
upon in summer. 

Wielgus (1986) also reported on habitat use for grizzlies in the southern Rocky
mountains of Alberta.  The following results are taken from LeFranc et al. (1987).  Both
sexes used pine stands throughout the year; males used closed stands more often than
females.  Both sexes used alpine areas but, in this case, females used alpine more often
than males.  Bears used early seral and young open forests more often in late summer and
fall.

Hamer and Herrero (1987) and Hamer et al. (1991) described grizzly bear habitat
and feeding ecology in the Rocky Mountains of Banff and Waterton Lakes National
Parks.  They found that bears fed on steep xeric open slopes in early spring; they selected
these habitats again in late fall.  In Waterton bears moved to avalanche chutes in late
spring.  There were few avalanche chutes in Banff and bears used streamsides, fens,
sidehill seeps, and wet meadows at this time of year.  In July, bears moved to mesic sites
in search of vaccinium and soapberrys; the most frequently used habitats were dry
meadows, shrubfields, and open forests.  Little use of the alpine zone was noted.  These
authors found relatively  little use of closed forests with two exceptions.  Bears used
mesic to hygric sites in both parks in spring where they fed on horsetail, glacier lilies, and
other succulent vegetation; some of these sites occurred in closed forests.  Some
vaccinium stands occurred under forested canopies and the authors note that these stands
were probably used, though their observation methods may not have detected this use
accurately.

Waller and Mace (1997) studied habitat selection of grizzly bears in northwest
Montana.  They found that avalanche chutes were selected throughout the year, though
the heaviest use was documented in spring.  Slabrock habitat was also important year
round.  Shrublands and cutblocks were used in summer and fall.  Grasslands and non-
vegetated areas received moderate use in each season.  Forested areas were selected
against in all seasons, however they still received considerable use because forests
covered a large portion of their study area.  It is worth noting that the authors did the
above analyses for each individual bear and then generalized their findings.  Their results
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show considerable variation among individuals with respect to habitat selection, with the
notable exception being avalanche chutes in spring.  Not surprisingly, the authors suggest
that avalanche chutes are an important habitat component that warrant protection.

Mealey et al. (1977) identified vegetation communities they thought were used by
grizzly bears in the northwest states and southeast B.C.  They sampled the plant
communities in these habitats and then scored each community based on the abundance
of known bear foods.  Avalanche chutes, stream bottoms, and wet meadows ranked as the
3 most important habitats.  Burns ranked fourth in importance for bear foods.
Interestingly, the importance of forest habitats varied markedly; moist stands and those
that produced huckleberries had importance values close to natural burns.  Selection cuts
and untreated clearcuts also produced significant bear foods.  This study allowed an
objective assessment of the capability of various habitats based on food abundance.

In summary, grizzlies use a variety of habitat types as they track seasonal pulses of
nutritious food. In the Kootenay region, we expect that riparian areas, avalanche chutes
and low elevation productive forests are important habitats. These habitats are free of
snow earlier than high elevation habitats and are generally productive in terms of forbs,
grasses, and bulbs and corms, which make up the majority of the spring diet. Ungulate
calving areas will also be a locally valuable habitat. As the snowline recedes, grizzlies
move up in elevation during the summer season. Natural burns and other open canopy
habitats (slab rock, shrubfields) that provide berries are the most important summer
habitat. Avalanche chutes and moist areas within forests that provide herbaceous food
species may continue to be used. In the fall season, natural burns, sub-alpine, alpine and
avalanche chutes are important habitats. Grizzly bear diet in the fall season is generally
more varied than in the summer, and this is reflected in the wider spectrum of habitats
used in this season.

Landscape Scale Habitat Selection
We define a landscape as any theoretical unit of space that encompasses a

population of grizzly bears, that is, a group of bears that are ecologically or
geographically distinct from other groups of bears. Landscape level habitat selection
describes how the density of bears, rather than individual bears, is distributed across the
landscape in response to habitat and human activity. It is important to investigate and
manage grizzlies at this scale. Human activity is diverse and widespread across most
landscapes. Human settlements, highways and roads, industrial activities such as logging,
hydro developments and agriculture, and the spatial concentration of hunting activity each
influence grizzly bear habitat use, displacement and mortality individually. Combined, as
they are in most landscapes, their effects are complex, difficult to predict and very likely
compounding. Until recently, few studies have focused on landscape scale issues, due to
the large logistical and financial demands associated with such endeavors. With the
advent of “cumulative effects models” (CEM), grizzly bear research and management at
the landscape scale have become more frequent. The first CEM involved three
submodels: 1) the habitat submodel, which estimates potential and actual (i.e.
incorporating human impacts) habitat quality in order to assess how the density of bears
changes with habitat modification and without the constraints of the other two submodel;
2) the displacement submodel, which estimates how much of the habitat is actually
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accessible to grizzlies as a result of avoidance of areas associated with human activity; 3)
the mortality submodel, which estimates the probability of grizzly bear mortality
associated with various human activities (USFS 1990). Two subsequent models that are
relevant to the Kootenay Region of B.C. are currently being developed, one in the
Kootenay Region itself (McLellan pers. comm.), and one in Alberta (G. Stenhouse, pers.
comm.).  Discussion of landscape level effects on grizzly bear populations are beyond the
scope of this report and both local CEMs are still in the development phase. Our intent is
merely to bring these issues to the reader's attention, stress their importance in grizzly
bear conservation and to suggest that a future report on landscape scale management be
considered.

Cover
Recognition of the importance of cover in wildlife management dates back at least

as far as Aldo Leopold (1933) and Elton (1939). For most wildlife species, the precise
role of cover remains ambiguous and poorly understood (Rahme 1991). This is likely due
to difficulties in quantifying cover (Nudds 1977), and linking changes in cover to changes
in the vital rates of individuals and populations. Grizzly bear habitat guidelines frequently
incorporate cover as a habitat requirement (LeFranc et al. 1987, KBLUP 1996, USFS
1990). A review of the literature, however, reveals that the role of cover in grizzly bear
ecology is frequently mentioned but rarely studied. Our objective in this section is to
summarize and link the existing literature on how grizzlies use cover with our
understanding of grizzly bear ecology in order to formulate more effective management
recommendations.

Due to the complex nature of cover, we will be explicit in our definitions of cover
and grizzly bear activities that may require cover. From the literature, we surmise that two
types of cover are relevant to grizzly bears – thermal cover and security cover. Thermal
cover is defined as features of vegetation or terrain that grizzlies utilize to mitigate
climatic extremes which may negatively impact their physiological state. Security cover is
defined as features of vegetation or terrain that grizzlies utilize to evade aggressors
(conspecifics and humans). Consequently, security cover can be partitioned into its two
functional components: visual cover, which allows grizzlies to avoid detection by
aggressors, and escape cover, which allows them to escape from aggressors in potentially
threatening situations. In the interest of brevity, we consider the influence of these types
of cover on foraging behavior only. We do not include discussion of the influence of
cover on other activities such as bedding and travelling. Increased foraging efficiency is
frequently implied in habitat management guidelines that include the manipulation of
cover as an objective (i.e. cutblock design, buffer zones around avalanche chutes).

Thermal cover is a potentially important factor in feeding behavior. However,
virtually no research has been directed towards the thermal requirements of grizzly bears.
This may be because thermal stress is thought to play an insignificant role in their
ecology. Historically, grizzlies existed in a variety of climates, ranging from Mexico to
northern Alaska. Their large bodies and denning behavior allow them to avoid extreme
cold stress. These facts do not preclude the importance of thermal cover in grizzly bear
ecology. Hamilton (pers. comm. cited in McLellan 1990) has stated that thermal cover
may be important in times of extreme heat or heavy rainfall. It is conceivable that heavy
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rainfall, which limits the insulative property of fur (see Parker 1988) may cause energy to
be expended through shivering, particularly in the early spring and late fall when ambient
temperatures are low. McLellan (1990) points out that during periods of extreme heat or
rainfall, feeding bouts may be shortened in open habitats in order to seek thermal cover. It
is important to note that the relative thermal value of various habitats for bears have never
been assessed. Most biologists would likely agree that timbered areas provide the best
cover from rain, while cover from extreme heat would be satisfied by many types of
habitat (e.g. timber, ponds, moist shrub communities, wind exposed areas). We conclude
that while very little information about the thermal requirements of grizzly bears is
available, thermal cover is not an important issue in grizzly bear conservation. While
thermal stress may cause individual bears to occasionally lose energy through shivering or
foregone feeding opportunities, these events are unlikely to impact the overall fitness of
any individual over the course of its lifetime or the status of any population as a whole. 

For most wildlife species, security from predators is a major component of their
ecology. As pointed out by Lima and Dill (1990), being preyed upon has a considerable
effect on an individual's lifetime fitness. Grizzly bears, however, are top predators and are
rarely preyed upon by other species. They have, in fact, evolved to utilize open habitats
and areas away from security cover (Herrero 1978, Stirling and Derocher 1990).  Large
body size and aggression are two traits that allow grizzlies to defend themselves and their
cubs from potential predators in open habitats. Nevertheless, several studies that have
examined how grizzlies use open habitats within a predominantly forested environment
have concluded that security cover plays an important role in grizzly bear ecology. 

 We begin with the question: does the amount of visual cover or escape cover in
an area increase the likelihood of grizzly bears feeding in it? Most grizzly bear feeding
activity, particularly in interior regions of the continent, occurs in non-forested habitats
(see Mattson 1990 for review). Ramcharita (in prep.) found that areas where grizzlies
were known to feed in avalanche chutes had very little visual cover. Other spring season
habitats such as riparian areas and moist, low elevation forests may contain higher levels
of visual cover. In the summer season, berry feeding habitats, such as natural burns and
shrub fields, provide some visual cover from the berry bushes themselves. Zager et al.
(1983) noted that while they did not explicitly measure visual cover, they found that tall
shrubs contributed to the visual concealment of grizzlies using cutblocks in their study
area. We found two papers that addressed the influence of visual cover on feeding
behavior. McLellan and Shackleton (1988) found that areas near to active roads that
included important foraging areas were avoided during the daytime but were used at
night. They suggest that grizzlies were using darkness as security cover (visual cover by
our definition), but also acknowledge that reduced traffic levels on the roads at night was
also a potential factor. McLellan (1990) stated that if given a choice between equal
foraging opportunities in cover (visual cover by our definition) and not in cover, he would
expect a grizzly to feed in cover. We conclude, based on limited information, that visual
cover will have a positive influence on grizzly bear foraging behavior. We recognize,
however, that visual cover provided by non-forage vegetation may have a negative
influence on forage abundance, and that the nature of the interaction between the two
variables is likely habitat specific.
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We found only two studies which explicitly examined the influence of escape
cover on grizzly bear feeding activity. McLellan and Hovey (1994) demonstrated that
grizzlies preferred to feed at sites < 25 m from cover (escape cover by our definition) in
riparian areas. Mattson (1997b) designated timbered areas as cover (escape cover by our
definition) and found that grizzlies preferred to feed on Biscuitroot (Lomatium cous) <
100 m from escape cover. Two additional studies indicated grizzly bear preference for
areas close to the open area/timber edge. Blanchard (1983) noted that 75% of radio-
relocations of grizzly bears in Yellowstone were within 100 m of edge, though the
majority of these location were actually within timbered areas. Zager et al. (1983) noted
that 82% of radio-locations of grizzly bears in cutblocks occurred < 50 m from escape
cover. A third study indicated no influence of distance to timber on bears using cutblocks
(Waller and Mace 1997). We conclude that escape cover influences grizzly bear foraging
behavior. Both reports that explicitly studied the distances from escape cover that
foraging grizzlies utilized, concluded that grizzlies preferred to forage < 100 m from
escape cover. Two of three additional studies concluded that grizzlies were frequently
found close to open area / timber edge.

The few relevant studies involving grizzly bear foraging activity and cover treat
cover very generally. They do not differentiate between types of cover and usually imply
that timber is the only cover available. Furthermore, multivariate effects have not been
reported on. For example, it is important to ask how visual cover and food abundance
influence the distance from escape cover that a foraging grizzly is willing to go. A
consideration of how bears perceive risk is also pertinent.  Risk perception is probably
dependant on their age/sex class, past experiences and the proximity of the foraging area
to human disturbance and other bears(see Mangel and Clark 1986, Lima and Dill 1990
and Ludwig and Rowe 1990 for reviews). These are clearly complex questions that are
difficult to resolve in a field research setting, but they have immediate applications which
would aid managers in conceiving appropriate habitat guidelines.

In summary, we have found that studies involving grizzly bear foraging activity
and cover are rare. They deal with the issue at a general level that allows only crude
management guidelines to be formulated. We conclude that security cover is an important
factor in grizzly bear conservation and that thermal cover is not. Visual cover remains
poorly documented and its influence on grizzly bear foraging activity requires additional
research before conclusions can be reached. The influence of escape cover on feeding
activity is more clearly understood. Despite their adaptations towards inhabiting open
areas, grizzlies prefer to limit their activity to areas close (<100 m) to escape cover. The
ability of grizzlies to access sufficient quantities of high quality forage will likely have a
substantial effect on the nutritional status of individual bears and thus the vital rates of a
population as a whole. Security cover appears to be a significant factor in this process.

Denning Habitat Selection
Unlike obligate carnivores, such as wolves (Canis lupus) and cougars (Felis

concolor) whose prey species remain available in the winter and thus do not den, bears
have lost the ability to specialize in predation and must hibernate in order to overcome
this period of food shortage. In the following paragraphs we review eight studies on
grizzly bear selection of denning habitat.
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Craighead and Craighead (1972) studied densite selection of Yellowstone
grizzlies.  They found bears denned at high elevations (7800-9200 ft) in timbered areas.
Most dens were dug under tree roots in difficult to access places; a few were dug on steep
slopes with active rockfall.  Ten of 11 dens were on north facing slopes, though the
authors cite a French study of brown bears in which these bears selected south facing
dens [Couturier 1954 cited in Craighead and Craighead (1972)].  Grizzlies dug dens in
soils types that varied from rocky talus to packed dirt.  Judd et al. (1986) also studied
grizzly bear densite selection in Yellowstone.  They located 101 bear dens and their
results support those of Craighead and Craighead (1972).  Judd et al. (1986) found bears
usually dug dens in moderate tree cover (canopy closure 25-75%), on 300-600 slopes and
on all aspects.

Servheen and Klaver (1983) recorded 41 den sites in the Mission and Rattlesnake
mountains of Montana.  Most dens were at high elevations in open, side-hill park habitat
on slopes averaging 300 and on all aspects. Mace and Waller (1997) recorded 78 dens in
the Swan mountains of Montana.  As in above and in Yellowstone, these bears denned at
high elevations (1942-2005 m), on slopes averaging 63%, and on all aspects.  Most dens
were located in open (40%) or open timbered (43%) habitats with < 60% overstorey
cover, though 17% of the dens were found in timbered habitat. These authors compared
their results to those of two unpublished studies also from northwest Montana and found
the results were generally similar though there was some difference in selection of aspect
and slope among areas.

Schoen and Beier (1990) located 121 dens and visited 38 dens on Admiralty and
Chichagof islands of the Alaska panhandle.  Den sites were located in old growth forest
(52%), subalpine forest (13%), alpine (13%), rock (13%) and avalanche chutes (9%).  Of
the sites that were visited nearly two thirds (63%) were in natural rock cavities, and three
others were beds directly on the surface.  Eight dens were excavated under logs or
standing trees and three more were tunneled into the earth.  Schoen and Beier (1990) did
not present data on elevation, slope, or aspect of the den sites.  These coastal bears appear
to choose all of the possible means of denning seen across North America.

Ramcharita and Woods (1997) documented sixty-six grizzly bear dens in the
Revelstoke and Golden area of the Kootenay Region. They reported a median elevation of
2012 m. (SE 37 m), and a median slope of 31o (SE 1.1o). Dens were frequently located in
subalpine and alpine habitats (51 %) and of eighteen cases where an individual grizzly’s
den was located in two or more consecutive years, only two cases of reuse of the same
den were noted. Dens were most often located on south aspects (44%), in contrast with
grizzly bear dens in the Flathead Valley where most dens were found on north aspects (B.
McLellan pers. comm.). The reason for this difference was unknown. Two grizzly bear
dens were also visited on the ground. Both were excavated under standing trees and it
appeared that bears used the tree roots for structural support (Ramcharita and Woods,
unpub. data).

We conclude that denning habitat is generally not compromised by logging and
other human activities. Dens are almost always located in steep, high elevation
subalpine/alpine environments; these are areas where logging is rarely conducted and
other human activities are infrequent during the winter. The observation that bears
seldom use the same den in consecutive years may indicate that suitable denning habitat
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is not limited. It appears that there is little documented evidence about how grizzly bear
selection of denning habitat is linked to physiological requirements, but because of the
low potential for human impact on the selection process, we conclude that denning
habitat is a low management priority.

IV) OPERATIONAL LEVEL MAPPING AND RANKING OF AVALANCHE
CHUTES

Many studies of grizzly bear in mountainous terrain have concluded that
avalanche chutes are important habitat, particularly in the spring season ( Zager 1980,
Simpson et al. 1985, McLellan 1989, Mace et al. 1996, Ramcharita in prep.). There are
three reasons for this. First, avalanche chutes lack canopy cover and thus are free of snow
earlier than most other habitat types. Second, most avalanche chutes are very productive
in terms of bear foods. Many have moist and nutrient rich soils due to the constant input
of water, soil and debris from higher elevations. Third, avalanche chutes are
vegetationally diverse. Due to differences in aspect, slope, parent material and avalanche
interval, a single chute can contain a variety of plant communities (Erschbamer 1989,
Korol 1994, Patten and Knight 1994, Korol 1998). This diversity results in the potential
for avalanche chutes to offer several different food and cover resources to grizzly bears. 

The diversity of avalanche chutes also makes mapping and rating them as grizzly
bear habitat very difficult. Four studies have been carried out that attempt to map and rate
avalanche chute habitat for grizzly bears, each at one of two spatial scales (Mace and
Bissell 1985, Korol 1994, Ramcharita in prep, Quinn, pers. comm.). The first spatial scale
involves identifying, mapping and rating plant communities within avalanche chutes.
Mace and Bissell (1985) mapped six plant communities that occurred in just seven
avalanche chutes in northwestern Montana. They then ranked the communities based on
their relative food availability. No observations of actual grizzly bear use of the plant
communities were incorporated. Ramcharita (in prep), in conjunction with Korol (1998),
have identified and mapped ten avalanche chute plant communities that occur in the
Revelstoke / Golden area of the Kootenay Region.  An extensive radio-telemetry database
is currently being used to determine which plant communities and other variables such as
cutting units, roads and aspect influence grizzly bear selection of avalanche chute habitat.
Quinn (pers. comm.) is using field plots and satellite imagery to map avalanche chute
plant communities in an area of the Kootenay Region, south of Golden. His focus is
primarily on mapping methodology and general wildlife use of the resulting plant
communities. Grizzlies are not the focal animal in this study. The second spatial scale
approach was utilized by Korol (1994). He used a combination of field plots and satellite
imagery to classify entire avalanche chutes in northwestern Montana based on patterns of
start zone (the top of a chute) vegetation. He identified two major types of chutes (mesic
and xeric), each with two subtypes. Unfortunately, he lacked sufficient telemetry data to
conclusively test for grizzly bear selection of these types, but his data showed a trend
toward selection of the xeric type. 

Both spatial scales of information are needed for planning grizzly bear habitat
management. The smaller, plant community scale is required for site level planning –
where to place roads and cutblocks around chutes. The larger, entire avalanche chute
scale is required for planning at larger spatial scales and over longer time periods – how
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much high quality chute habitat is available, where it is across the landscape and how this
constrains timber supply. It may be possible to extend plant community scale studies
upwards in spatial scale by linking plant communities and grizzly bear habitat selection to
broad scale features such as parent material, macroclimate and aspect. Ramcharita (in
prep) and Korol (1998) are currently working towards this goal. Our recommendations
for operational level mapping and ranking of grizzly bear avalanche chute habitat are
discussed below.

Regional and District Level Mapping
We recommend using satellite imagery to identify avalanche chutes and broad

plant communities within avalanche chutes. This is the most cost effective method of
mapping avalanche chute habitat over large areas and involves six steps:

1) Image Acquisition: We recommend Landsat TM imagery, although SPOT
and/or IRS imagery may also be used. Landsat TM imagery combines high
multispectral resolution with sufficiently high spatial resolution for regional
and district scale mapping.  The higher spatial resolution sensors (SPOT
panchromatic and IRS) do not offer sufficient spectral resolution to support
reliable mapping and require orthorectification, a relatively expensive and
laborious task. A full Landsat TM scene provides coverage of an area ~185 x
185 km — large enough to cover most Forest Districts. Full scene cost is
approximately $5,000, and quarter scenes are available at a lower cost.

2) Georeferencing: Satellite imagery in its raw form has inherent systematic
distortions and is not tied to a map coordinate system. Image rectification and
geocoding must be performed  before the imagery can be used for mapping.
Imagery may be ordered from the vendor in precision georeferenced format,
but more commonly rectification and geocoding are done by the user.
Commercial satellite image processing and analysis packages provide the
capability for basic image rectification and geocoding. However, these
packages cannot rectify the significant distortion attributable to relief
displacement that occurs in high spatial resolution imagery (SPOT
Panchromatic and IRS) of mountainous areas. Such imagery must be
orthorectified, which requires a precise digital elevation model and specialized
software.     

3) Delineation of Avalanche Paths: Avalanche paths are defined on the basis of
the activity of a geomorphic process, thus a consistent and definitive physical
manifestation for them is difficult to define. Slide paths in the operable timber
land base are usually evident as strips of canopy opening aligned with the
slope. However, other openings such as riparian and sub-alpine meadows,
cutblocks and burns are all potentially confused with slide paths, and in many
cases directly adjoin them. As a result, semi-automated classification of slide
paths on satellite imagery can be expected to erroneously commit non-
avalanche path areas to the avalanche path class.  Methods to minimize this
include the introduction of ancillary data to the classification and manual
checking and editing. Useful ancillary data includes forest cover mapping,
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terrain parameters such as slope steepness and curvature, and adjacency and
connectivity to avalanche terrain. 

4) Classification of Plant Communities within Avalanche Chutes: High
resolution multispectral satellite imagery such as Landsat TM supports the
discrimination of individual plant communities based on the unique character
of the light they reflect—the spectral signature. The ability to individually
distinguish a class is limited by the degree of spectral variability within that
class, and the degree of spectral similarity between separate classes. Effective
supervised classification of plant communities requires precisely located and
identified examples of each class to serve as sites for ‘training’ the image
classification system. These training sites are ideally GPS located field plots,
but may be derived from careful visual interpretation of the satellite imagery
or aerial photography. For operational avalanche path mapping, we
recommend the use of these four broad classes corresponding to general plant
communities: 

1) Forb dominated – areas that are generally free of woody vegetation and
contain an abundance of forbs and graminoids. These areas area
associated with the lower, run-out zones of avalanche chutes but also
may occur in the steeper parts of chutes, particularly adjacent to small
seeps that often run down the center of a chute.

2) Shrub dominated – areas that are dominated by low and/or tall shrubs,
often Alnus spp.and Salix spp., but also may include Vaccinium spp.,
Sambucus spp., Rubus spp. and others. Understories are variable, but
often contain ferns, Oplopanax spp.,and occasionally robust forb
communities. Shrub dominated areas can occur anywhere in a chute.

3) Conifer dominated – areas that contain an abundance of conifer species
which are regenerating within the avalanche chutes and are < 10 m tall.
Understories are variable, but occasionally contain an abundance of
forbs and graminoids. These areas are often found in the upper parts of
chutes.

4) Talus / Bare – areas that are dominated by talus, rock or bare soil and
are devoid of vegetation. These areas are almost always found in the
upper parts of chutes.

Note: A detailed satellite image classification scheme for avalanche path
plant communities is currently under development (Ramcharita in prep.). A
description of the methodology will be circulated as soon as it becomes
available.  

5) Editing and accuracy assessment: Editing and refinement of the classification
should be done interactively throughout the classification process. Rigorous
accuracy assessment of the finalized mapping involves comparing check
points in the classification to independently determined plant community
classes. Check points are field plots withheld from the original set used in the
classification procedure, or field plots collected after the mapping is complete.
As the ability to acquire field data is often limited, data from ancillary sources
such as TEM plots may be used — however, it’s positional and nominal
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accuracy should questioned. Informal accuracy assessment can be
accomplished through comparison of the classification product against careful
visual interpretation of the imagery or air photos — distortion due to radial
and relief displacement in air photos must be accounted for. This kind of
informal and interactive checking and editing can greatly enhance the quality
of the final map, and is comparatively affordable. During this process, specific
areas and conditions (i.e. heavy topographically and cloud cast shadows) may
be identified that have been difficult for the system to classify. In the worst
cases, these areas may need to be mapped manually.   

6) Output to GIS system format: The final image map will usually be integrated
with an existing GIS database, which will usually entail a raster-to-vector
format conversion. The particular conversion will depend on the GIS and
desired attributes.

Note: The authors would like to acknowledge Rob Sidjak, Consultant, PO Box 2495,
Revelstoke, B.C., for contributing his expertise and writing much of the preceding section
on using satellite imagery to map avalanche chutes.

Mapping With Air Photos
Although we strongly recommend that satellite images be used to map avalanche

chute habitat, air photos can be used to assess habitat for small areas if satellite imagery is
not available. The four avalanche chute plant communities outlined above are visible on
1:20,000 black and white air photos, and can be used for road and cutblock planning
within a specific drainage. The Vegetation Resources Inventory (VRI) procedure provides
an objective means of classifying the four communities described in the previous section.
Below we list the VRI categories to level four which are most appropriate for each
avalanche community. A useful description of these procedures can be found in the B.C.
Resources Inventory Committee, VRI manuals.  These manuals are available on the
internet at <www.superiorprint.com>.

Community type VRI category
Forb dominated VNU-HF or HG
Shrub dominated NNU-ST or SL
Conifer dominated VTU
Talus NLURO

Our experience using air photos to delineate plant communities indicates that
using this method for scales larger than single drainages is cost prohibitive. The use of air
photos should be limited to providing accuracy assessment for satellite image output
during site level planning or when satellite image data is not immediately available.

Ranking the Importance of Avalanche Chutes
Once avalanche chute plant communities are mapped, the following

recommendations will assist managers in ranking habitat quality and establishing
Avalanche Track Management Zones (AMZ) where appropriate:
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1. Grizzly bear selection of avalanche chute habitat appears to be driven largely by food
availability (Ramcharita, in prep). We suggest that plant communities within chutes
that are forb dominated are high quality habitat.

2. Both Ramcharita (in prep) and Quinn (pers. comm.) have noted that some shrubby
areas dominated by Alnus and/or Salix received more use by bears than the authors
would have expected. Mace and Bissel (1985) presented similar findings from
Montana. The value of these areas to bears is still being determined, but we also noted
that some shrub dominated communities on moist and nutrient rich sites support
robust understories of bear food species. These were the sites where we noted bear
activity. These sites may not be detectable using satellite imagery, but we advise that
shrub dominated communities that are adjacent to moist and nutrient rich forests are
likely candidates and may warrant field investigation.

3. South and east facing avalanche chutes appear to be selected in the spring season
(Ramcharita in prep). Chutes with these aspects, particularly ones with large forb
dominated areas, are likely very high quality habitat.

4. Talus/rock areas in chutes are low quality habitat.Research into the relative value of
avalanche chute plant communities to grizzly bears is currently in progress. 

5. Sufficient information is available to designate high and low quality habitat, but a
more detailed ranking is not possible at this time.

We have insufficient information to suggest ways to rank the value of entire avalanche
chutes for larger scale planning. Work is currently underway that is aimed at providing
the necessary information (Ramcharita in prep and Korol 1998).

V) GRIZZLY BEAR HABITAT MANAGEMENT OPTIONS FOR THE
KOOTENAY REGION 

Below we review the current guidelines for grizzly bear habitat management in
the Kootenay Region as outlined in the Kootenay–Boundary Land Use Plan (KBLUP)
(Kootenay Inter-agency Management Committee 1996). 

Avalanche Chutes
Based on our current understanding of grizzly bear selection of avalanche chute

habitat, we have found the guidelines to be sufficient, with the addition of the following
recommendations:
1. Slopes with  > 2 avalanche chutes/km or < 500 m between chutes should be

designated with an AMZ width equal to or greater than the AMZ width for chutes
which occur on slopes with < 2 chutes/km or > 500 m between chutes. Our rationale
is that security cover on slopes with many avalanche chutes and infrequent timbered
areas may already be limited. Further compromising the quantity of security cover on
these slopes through logging may decrease habitat use.

2. We recommend that low value avalanche chutes do not receive AMZ designation.
Logging completely around low value avalanche chutes will almost certainly have no
impact on the conservation of grizzly bears in the Kootenay Region. We qualify this
by stating that our definition of a low quality avalanche chute is one that contains
little or no bear food.
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Readers interested in information on identifying high quality avalanche chute habitat for
AMZ designation purposes should refer to Section IV – subsection “Ranking the
Importance of Avalanche Chutes”.

Denning Habitat Selection
We suggest that denning habitat is not a management priority in the Kootenay

Region. However, managers wishing to map denning habitat can use the following
information to guide them. Denning areas are likely to be at sub-alpine elevations or
higher.  Most authors suggested den sites were located in areas of greater than 30% slope.
Mace and Waller (1997) simply suggested denning habitat could be described as all areas
above 1942 m in northwest Montana, which agrees very closely with data from
Ramcharita and Woods (1997) in the West Kootenays.  For greater precision slope > 30%
and elevation >1942 m could be utilized to model denning habitat though most areas
above 1942 m probably have slope > 30%.  It is probably not necessary to use more
variables than elevation or slope to map potential den sites because conflicts are likely to
be relatively rare in this habitat.

Natural burns and early seral stands
Open canopy grass/forb sites were selected in several studies; this would

encompass the commonly mentioned slabrock community of Montana and Southeast
B.C. and the subalpine meadow community in many mountainous areas.  South facing
sites with a reasonably steep aspect (i.e. >30%) are likely to receive greater spring use
because they will lose snow cover earlier than flatter or north facing sites (Simpson et al.
1985).  There is little conflict with forestry in these higher elevation communities.

Shrub dominated habitats are also universally important.  Virtually all bear
populations studied moved to early seral, shrub dominated, or open forest habitats in late
summer and fall to feed on berries. Berries play an important role in the accumulation of
fat and the overall nutritional status of grizzly bears. Because of this, identification and
management of berry producing habitats is an essential component of grizzly bear habitat
management. The exact description of berry habitat varies regionally based on a
combination of the species eaten and the growing conditions.  There is unlikely to be
pressure on naturally occurring shrub habitats because of their lack of trees.  Furthermore,
many of these stands occur at higher elevation.  However, natural burns which occur in
the operable forest zone are often logged via salvage permit.  Many of these sites then
receive silvicultural treatment which may reduce shrub density and hence bear habitat
quality (see next section).  Natural burns were strongly selected during the summer and
fall seasons in McLellan's (1989) work, and Mealey et al. (1977) demonstrated that burns
have high food values.  Few authors give detailed descriptions of the burns they studied
so we can only speculate on the features linked to site level habitat quality.  However,
large berry crops obviously improve habitat quality.  McLellan (1989) reported that bears
used burns with medium canopy closure rather than very open burns (<5%).  This
suggests these sites were mid-seral because very recently burned sites would have little
canopy closure.  This does not imply that young burns are not useful to bears.  Burns
simply become more useful as they age, giving berry producing shrubs time to grow and
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produce an abundant crop of berries (Hauessler and Coates 1986).  Once burns reach the
pole/sapling seral stage, especially if the stand achieves dense canopy closure, habitat
quality for bears will be greatly reduced.  Berry production generally declines
dramatically at  > 30% canopy closure (Martin 1979). Site specific differences will affect
habitat quality as well, especially with regard to berry production.

Cutblocks
Cut-blocks received less use than burns in all areas studied.  It would appear that

cut-blocks do not support the quantity of forbs and berry producing species that burns do,
though several authors have suggested that berry producing shrubs can be encouraged
using certain silvicultural practices (Mealey et al. 1977, Conteras and Evans 1985,
LeFranc et al. 1987).  The fact that some cut-blocks contain large quantities of plant foods
and receive heavy use suggests that management practices could be used to improve
habitat values on many blocks.  It is not clear at this time what combination of extraction
methods/silvicultural prescription promotes the growth of berry producing species at a
site. The more basic question as to why most burns appear to be used while many cut-
blocks appear to receive little use is still unanswered.  Part of the answer may lie in the
definition various authors use for burns and cut-blocks, at some age both sites reach the
pole stage and have low value to bears.  We suggest that cut-blocks can be used to replace
some of the fall berry habitat that would normally be available in the absence of fire
control but we may not be able to emulate the natural process that burned over areas go
through to arrive at the high berry production stage.  Various management options may
have to be substituted for the natural burn/natural regeneration process.

Timber extraction methods in occupied grizzly bear areas of the Kootenays vary
from hand falling and skidding, to all forms of cable logging, and increased use of
helicopter extraction.  Site preparation is rare, a small number of blocks are broadcast
burned while cull piles are regularly burned.  The only form of mechanical site
preparation that is common is mounding in the ESSF zone hence timber extraction is the
major form of site disturbance.  The majority of blocks are straight planted following
cutting. Stand tending usually takes the form of hand brushing; pre-commercial and
commercial thinning are rare.  The majority of areas are clear-cut however various
selection cutting methods such as seed tree retention, shelterwood cutting, species
selection, and basal area retention are also used.

Bears often forage near habitat edges (e.g. Blanchard 1983), presumably so they
can move to security cover if disturbed.  Most cut-blocks have road access and hence
greater disturbance than less accessible open habitat.  Designing blocks that offer security
cover will ensure greater use of the block.  This can be accomplished by:
� limiting block size,
� leaving irregular shaped edges,
� leaving residual patches of trees in the block,
� screening new blocks from main roads by leaving patches of tree between the road

and the block,
� not cutting adjacent areas until the former block provides security cover,
� separating recent adjacent blocks by a minimum of 100 m of trees (LeFrance et al.

1987).
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All the but the last recommendation are currently covered in existing guidelines. Select
cutting which leaves adequate security cover may be the best timber removal strategy
from the bear habitat point of view because the canopy is opened allowing understory
growth, site disturbance is low, and cover is provided within the stand.  Few authors cite
values for cover requirements, most assessments simply define vegetation density
adequate to hide an adult (McLellan 1989, USFS 1990).

In terms of site level guidelines, general recommendations based on work done in
the American northwest are to disturb the site as little as possible after extraction and, if
site preparation is a necessity then most authors suggest broadcast burning (reviewed in
LeFranc et al. 1987).  However, foresters in the Kootenay region suggest that burning
removes vaccinium from many blocks, making burning a less favorable option in this
region (and see Mealey et al. 1977).  Mechanical site preparation or extraction methods
that involve high site disturbance damage the vaccinium present and are to be avoided
(Mealey et al. 1977).  The use of herbicide for brush control is obviously going to reduce
shrub and therefore berry abundance (Sullivan 1994) though this is of little importance in
this region because herbicide is rarely used.  Mechanical brushing that targets individual
crop trees is not likely to have much effect on understory vegetation and hence bear
habitat.

Ecological differences in stands are likely to generate variable results given
similar treatment.  For example many mature stands in the Kootenays do not have much
vaccinium or soapberry in the stand; in some cases these species are predicted to increase
in abundance in earlier serals.  Other site series will never have much vaccinium present
regardless of the seral stage .  Stand level habitat management will require site level
decisions based on the quality of berry producing shrubs present pre-harvest and the
likelihood these species are retained or increased post-harvest (Braumandl and Curran
1992).

Riparian areas
Riparian areas were also universally identified as important bear foraging habitat.

Riparian areas have been described as creek bottoms, river valleys, alluvial fans,
floodplains, wet and dry meadows, and upslope seeps.  Simpson et al. (1985) suggested
that old growth ICH stands which have broken or minimal canopy closure, high moisture,
deep alluvial soils, and less than 15% slope are of greater importance than younger more
closed stands, or closed old growth cedar-hemlock stands which have essentially no
understory.  McLellan and Hovey (1994) demonstrated that riparian areas received very
high use in their study area in southeast B.C. in the spring.  Their work generally supports
the hypothesis of Simpson et al. (1985) above in that they found that bears selected more
open conifer stands which had a greater abundance of cow parsnip than randomly selected
stands. Lacking greater detail to further separate riparian sites, perhaps all mesic to hygric
riparian and upslope sites should be considered important with the possible exception of
closed stands that have a poorly developed understory.  Some authors recommend
removing sub-hygric and hygric stands from logging because of their importance to bears
(Simpson et al. 1985) while others suggest modified cutting practices such as patch cuts
and other guidelines (LeFranc et al. 1987:138, ).  It is still unclear what effect clear-cut or
select cut logging would have on habitat value of riparian stands (McLellan and Hovey
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1994). Roads may also cause a significant loss in habitat value in riparian corridors due to
disturbance (McLellan and Shackleton 1988); every effort should be made to keep roads
outside of the riparian zone (e.g. Simpson 1992).

Forested areas
Forests have rarely come out as selected habitat in the many stand and site level

analyses done though in some areas they receive heavy use (Blanchard 1983, McLellan
1985, Wielgus 1986, Mace et al. 1996).  The importance of forest is probably
underrepresented because it usually makes up a very large proportion of the habitat matrix
and therefore must achieve considerable use to be selected statistically (McLellan 1985,
Wielgus 1986).  We think it is more appropriate to conclude that thus far bear habitat
analyses have not mapped forest at a fine enough scale to detect which forested habitats
are selected.  Further, because forests are generally mapped at coarse scales, there is little
direction in the literature as to what types of forest are preferred by grizzly bears.  In the
future, this type of effort may demonstrate further selection for certain forested
communities.

Notwithstanding the above limitations, it is likely that open to semi-open stands
will be of greater importance to bears at all times of the year. As suggested in the
Riparian section, we speculate that wetter stands will provide greater spring/summer
forage in the way of forbs.  Forested berry sites will vary regionally; higher elevation
ESSF stands (which have open canopies) are likely to have significant vaccinium
densities.  Soapberry is often found on xeric to subhygric, medium to nutrient rich sites
(Braumandl and Curran 1992), and huckleberries are found on well drained soils with a
wide range of nutrient regimes (Haeussler and Coates 1986). Several studies suggested
bears scavenged and preyed on ungulates early in the year; much of this was done in
forested habitats (Cole 1972, Blanchard 1983, Mattson et al. 1991, McLellan and Hovey
1995).  The forest types bears use for preying on ungulates is more likely to depend on the
ungulate species habitat preference than selection by bears.  In summary higher elevation
ESSF stands with semi-open canopies and low elevation mature stands with low canopy
closure and wet soils are the best candidate stands for the application of grizzly bear
habitat guidelines in the Kootenay region.

The effect of human alienation and disturbance
Human presence and use can effect bears in a number of ways.  Many

developments such as permanent settlements, mines, and gravel pits permanently alienate
land.  The impacts of forest development are often more ephemeral and are the focus of
this paper.  Forest development can impact grizzly habitat quality by: disturbing bears
during forest harvesting, disturbing bears along roads, and changing habitat quality due to
human caused changes in vegetation cover and water regimes.  Roads are also the
ultimate cause of poaching mortality when they provide long term access to previously
inaccessible bear range (McLellan 1990).  The impact of vegetation changes caused by
logging has previously been discussed, in this section we focus on the impact of
harvesting and roads.

The disturbance of bears during timber extraction is likely to vary depending on
the amount and quality of alternative habitat available to the impacted bears.  Most
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research done in Canada would suggest that extraction disturbance is likely to be smaller
than the effects of vegetation change or road disturbance (McLellan 1990).  Current
guidelines (under "Timing of Activity") seek to minimize logging disturbance by
encouraging logging in winter or summer, minimizing the duration of logging, and
concentrating activities so bears can avoid active logging.  McLellan and Shackleton
(1989) suggest that snow free season activity will have the least impact in spring and
early summer when bears are feeding on grasses, sedges, and other ubiquitous foods.
Late summer and fall should be avoided because bears feed on more locally abundant
foods such as root masses and berries at this time; displacement from these areas could
have larger consequences for individual bears.  Otherwise, current guidelines are likely
adequate to minimize logging disturbance to bears.

Roads associated with logging are a potentially greater negative effect on bears
than the logging itself.  Controlling traffic volume may be an effective method of
reducing disturbance though recent research results are contradictory in this respect.
Results by Mace et al. (1996) suggest that bears discriminate roads based on traffic
volume while McLellan and Shackleton (1988) found that even low traffic roads appear
to disturb bears within 100 m of the road.  Many studies have demonstrated that
significant habitat loss can result due to road disturbance (Mace and Jonkel 1980,
Archibald et al. 1987, Mattson et al. 1987, McLellan and Shackleton 1988, Mace et al.
1996).  Bears may minimize this loss by utilizing some of the habitat in proximity to
roads at night or by becoming habituated to vehicles (McLellan 1990).  However, habitat
loss is still likely to be significant in areas with high road densities (Mace et al. 1996).
We can suggest three strategies to reduce the effect of roads on bear habitat availability.
Vegetation can be left or planted along roads which would provide visual cover for bears
utilizing open areas adjacent to roads (McLellan 1990).  Further use may be encouraged if
vegetation cover is left in the cutblocks, as discussed in the previous and following
sections.  Secondly, roads can be restricted or closed after forest development.  Road
closures have the added benefit of reducing illegal killing of bears because most bears are
likely killed from roads (McLellan and Shackleton 1988).  This effort will be most
successful when achieved for entire drainages, though closing spur roads into recently cut
blocks may increase use of individual blocks.  An effort to concentrate development in
alternating drainages leaving the unroaded drainages undeveloped until the roads into
adjacent drainages are closed, should also minimize the impact of road disturbance at the
landscape scale (Gyug 1997).  Both the above options are outlined in current guidelines.
Current guidelines are based on limits to road densities; these limits should not be
interpreted as thresholds between levels of no disturbance and disturbance because every
traveled road causes disturbance.  The main benefit of road density limits is to limit the
total amount of habitat alienated by roads.  Only road closures are likely to greatly reduce
disturbance.

Movement corridors
As discussed in the section of grizzly bear use of cover, there has been relatively

little work done to quantify the difficult question regarding bear cover needs.  As
reviewed above, bears select the more open habitats.  On the other hand, there is some
evidence to suggest that bears require at least the proximity of security cover so they may
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retreat in the event they are disturbed while foraging in the open area (McLellan and
Mace 1985, McLellan and Hovey 1994).  Some areas that are too frequently disturbed to
be used during the day may be used during the cover of darkness (McLellan and
Shackleton 1988).  Whether bears will use a given corridor for movement to and from
habitat of interest then depends not only on the cover characteristics of the area but also
on the frequency of disturbance.

Apps (1997) used a spatial modeling approach to identify areas which would least
inhibit bears from crossing a major settled valley in southeast B.C.  He followed the
methods of Servheen and Sandstrom (1993) who selected four variables which they felt
affected the ability of a bear to move through a stand: human settlement, roads and other
linear disturbance, visual cover, and riparian areas.  These authors felt that lack of
sufficient cover to hide 90% of an adult bear would reduce the quality of the stand for
bear movement.  Apps (1997) equated the above measure to 30% canopy closure as
measured for B.C. forest inventory.  Riparian areas probably do not affect the movement
of bears; this variable was included because wetter habitats have the potential to provide
food for dispersing bears.

In summary, human disturbance and lack of vegetative cover may inhibit the
movement of bears through an area.  Vegetation cover dense enough to hide a bear and
the presence of food may encourage the movement of bears through a stand. Adequate
vegetative cover has been described as young trees and shrubs > 3 m tall with canopy
closure > 25%, and trees with canopy closure > 30%. Intuitively, even young trees and
shrubs > 1 m tall should provide adequate obstruction to hide a bear at some density as
well.  It is difficult to say exactly how much disturbance or lack of cover bears will
tolerate.  Bears seldom enter human settlements such as towns or cities, but they do cross
rural roads regularly (Simpson et al. 1985).  Intuitively then, low traffic volume roads
should not be barriers to movement. Perhaps an interim stand level guideline for bear
movement needs should require > 30% canopy closure in any stand taller than 3 m.  The
inclusion of a riparian area or other area that provides food would increase the value of
the corridor.
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Table 1. A summary of grizzly bear habitat selection from selected references in the literature.

Reference Region season slabrock shrubfields natural
burns

seeps riparian
areas

ridgetops avalanche
chutes

low
elevation
forest

upper elevation
forest including
subalpine
meadows

n

Zager et al. (1983) Montana spring x x x 4
" " summer/fall x X x x 4
Servheen (1983) Montana spring x 4
" " summer x x 4
" " fall x x 4
Waller and Mace (1997) Montana spring x x 19
" " summer/fall x X x 19
Simpson et al. (1985) Revelstoke spring x x X 10
“ summer X x x 10
McLellan (1989) southeast

B.C.
early spring x x 55

" " spring X X X X 55
" " summer X 55
" " fall X X X X 55
Hamer et al. (1991) Waterton

Lakes NP
all x x x x 2+

Hamer and Herrero (1987) Banff NP all x x x 2+
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Table 2.  A summary of grizzly bear food species that were regularly used in the studies surveyed. 

Reference Region alder-leaved
buckthorn

angelica bearberry chokecherry clover cow parsnip dandelion desert parsley or
biscuitroot

Devil's club fern glacier lily grasses and sedges hedysarum horsetail lovage root mountain
ash

mountain
sorrel

MOF 1995
pamphlet-FS284

coastal BC x

Schoen and
Beier(1990)

coastal Alaska x x x

McLellan and Hovey
(1995) 

SE BC. x x x x x x x x

Mace and Jonkel
(1986)

Montana x x x x x x x x x x x

Mattson et al. (1991) Yellowstone x x x x x
Simpson et al.
(1985)

Revelstoke x x x x x x x x

Hamer et al. (1991) Waterton Lakes NP x x x x x x x
Hamer and Herrero
(1987)

Banff NP x x x x x

Servheen (1983) Montana x x x x x x x x
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Table 2. continued

Reference Region peavine pine nuts pondweed
(potamoget
on)

Prince`s
pine

red-osier
dogwood

Ribes spp. Rosa spp. saskatoon skunk
cabbage

soapberry
or
soopallie

spring
beauty

sweet-
cicely

Vaccinium yampa insects fish small
mammals
and birds

ungulates

MOF 1995
pamphlet-
FS284

coastal BC x x x

Schoen
and Beier
(1990)

coastal
Alaska

x x x

McLellan
and Hovey
(1995) 

SE BC. x x x x x x

Mace and
Jonkel
(1986)

Montana x x x x x x x x x x x x

Mattson et
al. (1991) Yellowsto

ne

x x x x x x x

Simpson et
al. (1985)

Revelstoke x x x x x x

Hamer and
Herrero
(1987)

Banff x x

Hamer et
al. (1991)

Waterton
Lakes NP

x x x x x x x x

Servheen
(1983)

Montana x x x x x x
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Table 3. Important grizzly bear stand or site level habitats as mentioned by authors surveyed for this paper.

Reference Region vegetation
type

description of important stand level habitat

K. Simpson (pers
comm.)

BC sub-boreal
spruce (SBS)

dry herb meadow complex with cow parsnip understory

Simpson et al. (1985) BC riparian forest old growth forest with < 15% slope, deep alluvial moist soil
conditions, and an open or broken canopy

McLellan (1989) SE BC avalanche
chute
riparian areas
burns

riparian areas were largely the forested zones associated with a
medium sized river which bisected the study area (the Flathead
river).  He found natural burns were selected by all bears in
summer; there was little use of cut-blocks

McLellan and Hovey
(1993)

SE BC riparian open conifer riparian stands with high cow-parsnip closure and
within 25 m of cover

Waller and Mace
1997 Montan

a

avalanche
chute

they felt all avalanche chutes were important
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