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EXECUTIVE SUMMARY
Our results demonstrate that the grizzly bear population and habitat in the Banff-Bow
Valley, Banff National Park, and the Central Rockies Ecosystem have been seriously
stressed by the combined effects of people's development and activities. The situation is
urgent, especially for Banff Park which is designated as a protected area. We present a
series of conclusions and recommendations to address the problem.
The status of the grizzly bear population and habitat are excellent indicators of
ecological integrity in the Banff Bow Valley and the significantly larger regional
ecosystem, the Central Rockies, upon which grizzly bears depend. By maintaining a
healthy grizzly bear population we suggest that most other elements and processes of
terrestrial ecosystems will also be maintained.
The 6rrlzzly bear is an excellent indicator species for ecological integrity because of
certain biological traits. In the Central Rockies Ecosystem they have few young (on
average about .5 cub per year during their reproductive years). They range over large
areas (for males home ranges may exceed 2000 km 2), and they occur at low population
densities (estimated at 1/62.5-101.6 km 2 ). Furthermore, they are prone to direct conflict
with people. The combination of these biological traits interacting with people's
proclivity to develop and use grizzly bear habitat usually results in compromised grizzly
bear populations and habitat. As omnivores and apex predators, grizzly bears are one of
the first species to be lost from an area as a result of land development activities. If
grizzly bear populations are healthy then human impacts are being well managed.
In places where people's developments and activities are prevalent, such as Banff Park
and surround, Yellowstone Park, or the Provinces of Alberta and British Columbia, adult
grizzly bears usually die because they are killed by people. We review the history of
grizzly bear popUlation declines that have resulted from human-induced mortality and
habitat impacts in Bantf Park, the Province of Alberta, and the contiguous United States.
To understand the current status of the 6rrlzzly bear population and habitat in the BanffBow Valley, Banff Park, and the Central Rockies Ecosystem we used four different
research approaches. Our first area of research involved analyzing the Banff Park grizzly
bear mortality and translocation data bases for the period of 1971 to 1995. The other
research approaches applied three different modeling techniques, including habitat
effectiveness, core area analysis, and linkage zone prediction.
Analysis of the mortality database show a minimum of seventy-three recorded
mortalities and removals for Banff Park from 197 I to 1995. The average annual number
of mortalities/removals for this period was exceptionally high (2.92/year or 4.87 - 3.65%
of the population based on a popUlation estimate of 60 or 80 bears). The Province of
Alberta has established a mortality/removal target of 2% of an area's grizzly bear
population estimate to allow for population growth (Nagy and Gunson 1990). Based on a
population estimate of 60 or 80, this would allow an average annual mortality/removal
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rate of 1.2 - 1.6/year. Five year average annual mortality/removal numbers varied from a
low of 1.6/year to a high of 6.2,year. A decreasing trend in mortalities was exhibited from
1981 to present. This may have been partly due to improved garbage management.
Given the grizzly bears' low reproductive capability, it may also have been the
manifestation of a significant decline in the local bear population following high annual
mortality prior to this period.
Eberhardt and Knight (1985) reported that the death of I or 2 adult females could have
significant, negative population consequences for Yellowstone grizzlies. In Banff
National Park the female cohort accounted for 56% (24 of 43) of all known
mortalities/removals since 1971, and 88% (16 of 18) of mortal itiesl removals since 1983.
This is the highest female mortality/removal rate for a 10+ year period reported for any
grizzly bear population.
Mortality type analysis revealed that problem wildlife control actions accounted for
71 % of grizzly bear mortalities. followed by highway and railway kills (17%), unknown
(8%), and natural death (3 0/0). Over 90% of grizzly bear mortalities in Banff Park
occurred in front-country areas, within a 500m zone surrounding roads and human
infrastructure.
Habitat effectiveness modeling is the major component of cumulative effects analysis
developed to quantitatively and qualitatively assess the effects of human actions on
grizzly bears and their habitat. Results indicate a significant portion of the landscape is
only moderately productive habitat. The disturbance component of the model suggests
wide spread habitat alienation in Banff National Park, an area considered core refugia for
t,Tfizzly bears in the Canadian Rocky Mountains. Over all, the model suggests that the
ability of the landscape to support bears has been significantly reduced.
There is a strong case for preserving areas were t,Tfizzly bears will be secure from
encounters with humans; where bears can meet their energetic requirements while at the
same time choosing to avoid people. Such core security areas would foster the wary
behavior in grizzly bears that most managers consider desirable. Core area analysis uses
GIS technology to identify areas that are functional at the scale of individual foraging
bouts for adult female bears. Results of this analysis showed a progressive apparent loss
of security areas starting with 1950, through the present, and into the future depicting an
Fragmentation and
ever increasing deterioration of habitat within Banff Park.
insularization of core habitat within the Banff Park landscape is evident and along with
that a loss in the ability to foster the wary behavior in grizzly bears that most managers
consider desirable.
Linkage zones are combinations of landscape structural factors that allow wildlife to
move through and live in areas impacted by human actions. This technique assesses the
degree of habitat fragmentation caused by the cumulative effects of human actions in an
area. A linkage zone prediction model was developed in the U.S.A to identify and
quantify these areas of potential carnivore crossing and use in mountain valleys. Results
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depict a dramatic decrease in potential crossing areas over time. Fencing of the Trans
Canada Highway has had a significant effect on the ability of grizzly bears to move
across the Bow River Valley. The implications of such a barrier are unknown, although
the Trans Canada Highway could have profound effects on grizzly bear passage across
the Bow River Valley and ultimately movement throughout the Central Canadian Rocky
Mountains.
The results from our four research approaches, combined with data from ongoing
research efforts by the Eastern Slopes Grizzly Bear Research Project, and the results of
decades of published research on grizzly bear ecology throughout North America,
allowed us to reach conclusions and to make recommendations regarding grizzly bear
management.
Conclusion one: The population status of grizzly bears in the Central Rockies
Ecosystem is not scientifically known. However, available evidence suggests a stressed
popUlation. Recommendation 1: Implement an interagency mortality/removal
monitoring system for the Central Rockies Ecosystem which brings together data from
Parks Canada, and the provinces of Alberta and British Columbia. Recommendation 2:
Average annual mortality/removal of 6'Tizzly bears for Banff Park, calculated as three
year running averages, should not exceed 1% of the current population estimate.
Mortalities/removals of females must be less than males. Recommendation 3: Parks
Canada should request that B.c. and Alberta establish a temporary no hunting zone for
grizzly bears surrounding Banff Park. This zone would remain until population recovery
or viability is scientifically demonstrated. Recommendation 4: Continue the
demographic studies currently being carried out by the Eastern Slopes Grizzly Bear
Research Project until sufficient data are available for scientifically valid population
trend and number estimates. This will take between five to ten years of field research to
collect. These data will be essential for determining annual allowable mortality/removals
in the Central Rockies Ecosystem. Recommendation 5: Because of documented
population stresses, management of grizzly bears in Banff Park must become
conservative. The burden of proof regarding the potential impacts of development
should require the proponent to prove there would be no significant local or cumulative
effect on grizzly bears.
Conclusion two: The grizzly bear popUlation in the Central Rockies Ecosystem moves
freely across jurisdictional boundaries. Habitat and mortality/removals must be managed
regionally for effective grizzly bear management. Recommendation 6: Establish an
interagency, multi-stakeholder group with significant responsibilities for regional grizzly
bear management.
Conclusion three: Management of grizzly bear-human conflict needs to be dealt with
more proactively to prevent the need for management removal of bears from the system.
Recommendation 7: Establish a knowledgeable Bear Management Team in order to bring
grizzly bear removals from Banff Park to acceptable levels, and to provide for high
standards of human safety.
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Conclusion four: Habitat effectiveness for grizzly bears in Banff National Park is
unacceptably low. Recommendation 8: Prepare access and development management
plans for each of the Banff Park Bear Management Units (BMUs). The objective of the
plans would be to increase habitat effectiveness for grizzly bears. Recommendation 9:
Banff Park should continue to support research by the Eastern Slopes Grizzly Bear
Research Project aimed at empirically determining disturbance coefficients specific to
the Central Canadian Rockies Ecosystem.
Conclusion five: Grizzly bear habitat units (core security areas) are becoming
increasingly smaller. This habitat fragmentation is resulting in apparent functional loss
of habitat, and possible genetic isolation as a result of developments and human
activities.
Conclusion six: The Trans-Canada Highway appears to be a significant barrier for
grizzly bear movement thus causing habitat fragmentation. Recommendation 10:
Ensure effective, multiple crossings for grizzly bears, especially in divided and fenced
sections of the Trans Canada highv,!ay, to reduce habitat fragmentation effects. The
implementation of recommendation 8 would also aid in addressing the problem of habitat
fragmentation identified by the core security area analysis.
Conclusion seven: Habitat quality for grizzly bears appears to have declined
significantly during the past approximately 60 years. Recommendation 11: Restore fire
to its historic, natural regime in all possible portions of Bantf Park because fire has been
nearly eliminated from its natural role in the landscape for the past 60 years, and because
grizzly bears are adapted in the Central Rockies Ecosystem to forage in high quality,
post-fire environments.
Conclusion eight: Significant. direct loss of Bow Valley, montane ecoregion habitat has
occurred. Recommendation 12: Further development should not be allowed in the
montane ecoregion beyond that necessary for Trans-Canada Highway redevelopment.
De-development should be considered for all non-essential developed areas. This could
reclaim some lost montane habitat and would address other habitat related issues such as
habitat alienation.
Complete discussions and elaboration of recommendations flowing from these
conclusions are found in the final section of this paper.
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INTRODUCTION
Grizzly bears as indicator species
Many people regard the status of f,'Tizzly bears in an area as an excellent indicator of
ecological integrity. In the United States, f,'Tizzly bears were identified by land managers
as the key indicator of environmental quality in the Northern Rockies (Bader 1995). In
Alberta, recent land use public hearings regarding the environmental effects of proposed
large scale developments have each included major emphasis on the potential impacts on
grizzly bear populations (NRCB 1993a; 1993b; ERCB 1994). The status of grizzly bears
in Banff Park has only recently received similar emphasis.
The presence of healthy !,'Tizzly bear populations in areas where they are indigenous is
an excellent indicator of how well people's impact upon a region is being managed. The
status of grizzly bears in an area can be regarded as being a "'coarse filter" (Noss 1987)
indicator of the status of biodiversity, especially regarding terrestrial ecosystems. By
maintaining grizzly bears and the natural ecosystems upon which they depend, the habitat
and populations of many other species are also maintained (Noss et al. 1996). For
example, Paquet (pers. comm.) analyzed niche overlap for 410 terrestrial vertebrates in
the Central Canadian Rockies. He found that by protecting the habitat needs of grizzly
bear, lynx, and wolves, the habitat for 403 additional species (98%) would also be
protected.
Life history parameters and human interactions
Grizzly bears are indicators of ecosystem intef,'Tity because of certain life history
parameters and the nature of their interaction with human beings. The species is
reproductively conservative, exhibiting low resilience to human disturbance of habitat
and populations (Weaver et al. 1996). Population studies of grizzly bears in Banff Park
are now underway (Gibeau and Herrero \995). However, in Kananaskis Country,
directly adjacent to the southeastern portion of Banff Park, Wielgus and Bunnell (1994)
reported an estimated reproductive rate (that is, the average number of cubs a female
grizzly bear has per year during her reproductive period) of only 0.46 cubs/year.
Although this reproductive rate was estimated for a hunted population, it is the best
estimate of reproductive rate available for Banff Park until ongoing research is completed
in the year 2000 (Gibeau and Herrero 1995). Furthermore, the age of first reproduction is
usually delayed in grizzly bears not occurring until 4-8 years (Herrero 1978; LeFranc et
al. 1987)). This further decreases the potential reproductive output of grizzly bears as
compared to species such as elk where females begin reproducing as early as yearlings.
Another life history parameter that makes grizzly bears a good indicator of ecological
integrity is their spatial needs. Grizzly bears along the eastern slopes of the Canadian
Rockies have large home ranges. For female grizzly bears the home range sizes vary
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between about 200-500 km - ~ for males between about 1000-2000 km - (Russell et al.
1979; Hamer and Herrero 1983~ Carr 1989). Because of these large home range sizes,
many b'Tizzly bears enter several different management jurisdictions during a year. For
example, Knight (pers. comm.) found that the average grizzly bear in the Yellowstone
Ecosystem entered 4.2 different management jurisdictions a year. Raine and Riddell
(1991) reported similar results regarding grizzly bears in Yoho and Kootenay National
Parks. Within each of the management jurisdictions a grizzly bear enters it must survive
and find acceptable habitat if it is to persist. The large spatial needs of grizzly bears have
led to the need for interagency and multi-stakeholder management because national
parks by themselves are seldom large enough to house viable grizzly bear populations
(Newmark 1985; USFWS 1993; Herrero 1995). An appropriate landscape scale for
managing grizzly bears is the Central Rockies Ecosystem (Figure 1). This includes
Banff, Kootenay, and Yoho National Parks, and adjacent portions of the provinces of
Alberta and British Columbia.

Central Rockies
Ecosystem

"

CANADA
USA

Waterton Lakes
National Park

Montana

Figure 1. Central Rockies Ecosystem
A final important life history parameter that makes grizzly bears a good indicator of
ecological integrity relates to their population densities. While male home ranges
overlap, female home ranges usually only have a small degree of overlap. This means
that grizzly bears occur at low population densities. Hence, a given area of land does not
support many grizzly bears. For example, in Kananaskis Country, Wielgus and Bunnell
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( 1994) reported grizzly bear densities of 1/62.5 km . In Jasper National Park, Russell et
2
2
al. (1979) reported densities between 1185.5 km , and 1110 1.6 km .
In addition to being a biologically conservative speci.es grizzly bears sometimes injure
people (Herrero 1985). Because of this trait, managers, even in national parks,
sometimes find it necessary to remove certain individual bears. This can further depress
grizzly bear populations.
The history of grizzly bear populations

Whether one looks at the history of grizzly bear populations in the contiguous United
States (Servheen 1990), or in Alberta (Figure 2) a similar picture emerges. Grizzly bear
populations have either been extirpated or declined as people have established permanent
residence in an area. In the contiguous United States, the population is estimated to have
declined from pre-European numbers of perhaps 100,000 down to a current population of
about 1000 (Servheen 1990) In Alberta, the historic population has been estimated at
6000 (Herrero 1992), whereas today the official estimate is only 800. The grizzly bear is
classified as a threatened species in the contiguous United States, a vulnerable species in
Canada, and a blue-listed species in the Province of Alberta.

CRIZZLY BEAR: HISTORIC AND CURRENT

RANGE AND NUMBERS

1790

1995

Figure 2. Grizzly Bear Historic and Current Range and Numbers

The historic and current population status of grizzly bears in Banff Park is not
scientifically known. However, Banff Park borders may not be the appropriate area of
focus, since, as pointed out, grizzly bears range throughout such large areas, often
including areas both inside and outside of Banff Park. Noble's Master's Degree thesis
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( 1972) summarizes what could then be inferred regarding the historic status of grizzly
bears in Banff Park. He concluded that grizzly bear numbers began to decline about
1850, coinciding with the arrival of significant numbers of people of western-European
descent. By 1911, he reported that population levels were at the lowest recorded levels,
especially in the Bow River Valley where most human activity was, and still is,
concentrated. After 1911, he reported a !:,'Tadual increase until 1940. Between 1940 and
1971, he reported that grizzl y bears became common in certain portions of Banff Park,
but at the same time he reported impacts from recreation, garbage dumps, and hunting
outside of the parks (presumably killing bears sometimes found in Banff Park).
According to Noble (1972), the 1960s saw the first large concentration of grizzly bears
near dumps. For example, 23 different grizzly bears were recorded during a six hour
period during the Fall of 1969 at the Lake Louise dump. While valid, scientific
population size estimates do not exist for BantT Park, estimates based on professional
judgment range between 60 (Gibeau and Herrero 1995) and 80 (Vroom 1974). The small
size of the BantT population makes it vulnerable.
In the adjacent Alberta Provincial lands, the grizzly bear population was also declining
due to excessive hunting mortalities and habitat loss. This was documented with regard
to Kananaskis Country by McCrory and Herrero (1982). The Province of Alberta's
official review of the status of remaining grizzly bear populations estimated only 800
bears as previously mentioned (this included an estimated 200 bears in Banff, Jasper, and
Waterton National Parks) (Nagy and Gunson 1990). In response to these findings the
Province of Alberta closed most of the area south of the Bow River to grizzly bear
hunting and instituted limited entry hunting in areas still open for hunting. Hunting
regulations may have had a positive influence on grizzly bear populations, but this has
not been scientifically tested. It may also be true that sources of mortality other than
legal hunting, combined with accelerating habitat loss and fragmentation have kept
grizzly bear populations numerically depressed.
The popUlation status of grizzly bears in portions of the Central Rockies Ecosystem
found in the Province of British Columbia has not been studied. However, since 1950
extensive development has taken place in east Kootenay Region (Fuhr and Demarchi
1990) causing significant impact on grizzly bear habitat. In parallel with habitat loss,
hunting mortalities in the east Kootenays are generally regarded as having been
excessive.

Objectives of our research
The Banff-Bow Valley Task Force asked various members of the Eastern Slopes Grizzly
Bear Research Project to prepare a report on the status of the grizzly bear population and
habitat, focusing on the BantT-Bow Valley area because extensive development has
occurred there. While the Eastern Slopes Grizzly Bear Research Team is currently
studying these topics as part of a major research effort, our final results will not be
available until the year 2000. The Eastern Slopes Grizzly Bear Research Project began in
the summer of 1994. Valid estimates of population vital rates for grizzly bear take
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between five to ten years of data to be bounded within acceptable confidence limits
(Hovey and McLellan J 996).
Since scientifically based population parameter estimates were not available we
employed four different techniques to derive best estimates of grizzly bear population
and habitat status:
( 1) We summarized and analyzed data on grizzly bear mortalities in Banff Park during
1971 to 1995;
(2) We conducted a habitat effectiveness analysis (Weaver et al. 1986; USDA Forest
Service 1990; Gibeau 1995a) of the effects of development and human activities on
grizzly bear habitat effectiveness in Banff, Kootenay and Yoho National Parks;
(3) We conducted a core security area analysis (Mattson 1993; Puchlerz and Servheen
1994) to determine the size and quality of secure habitat units thought to be
available to grizzly bears in Banff Park and the Central Rockies Ecosystem during
1950, 1995, and a future growth scenario. We also conducted an analysis of the
effects of reducing land use levels and implementing a prescribed fire regime on core
area habitat quality.
(4) We conducted a linkage zone analysis (Servheen and Sandstrom 1993) for areas
along the Trans-Canada Highway where certain combinations of landscape features
suggested reasonable probability for grizzly bears being able to cross. Linkage Zone
Analysis was done for 1950, 1995, and a future growth scenario.
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GRIZZLY BEAR MORTALITY IN BANFF NATIONAL PARK

Because grizzlies have low reproductive rates, mortality, especially in the adult female
cohort, becomes the primary factor limiting grizzly bear populations (Knight and
Eberhardt 1985; Knight et al. 1988). Conservation of grizzly bears in the Rocky
Mountains may be ensured by maintaining a finite rate of growth of~1 for a given
population (Mattson et al. 1996) through mortality management.
Our research objective is to integrate and interpret all known information regarding
f,'Tizzly bear mortalities in Banff Park. At a later stage this data will be integrated with
mortality data from Yoho and Kootenay National Parks as well as the Alberta and British
Columbia portions of the Central Rockies Ecosystem.
Methods

In this paper mortalities will include all grizzly bears: (l) known to have died in Banff
Park; (2) that have died after relocation out of the park; and (3) that are deemed
incapable of returning to Banff Park after relocation due to distance or barriers. In effect,
these bears constitute a loss to the BantI Park population.
Data on grizzly bear mortalities and trans locations were acquired from the Banff Park
Warden Service and Alberta Regional Office. We used a conservative approach in
selecting only confirmed distinct mortalities in this analysis. Information was integrated
with respect to the following attributes:
( 1) Date of occurrence:
(2) Location as Easting and Northing in civilian UTM coordinates;
(3) Sex;
(4) Age; and
(5) Type of mortality (PW, H, RR,N ,U)3.
Three periods were delimited: ( I) 1971 to 1977, a period of probable incomplete data;
(2) 1978 to 1982; and (3) 1983 to 1995. The latter period began 2 years after the closing
of the Cascade landfiIl to allow for possible population stabilization following this event.
Data were analyzed as to the number of mortalities per year and the breakdown of
mortalities by type, sex and age. The Chi-square (X2) test for expected frequencies, X 2
test for 2 X 2 contingency tables and the log-likelihood ratio (G) test were used to
analyze sex, age and comparisons between jurisdictions.
Locations and relevant attribute data were entered into a SPANS@ GIS (Geographical
Information Systems) (lntera Tydac Technologies Inc.) for spatial analysis. Grizzly bear
mortalities were plotted against a human activity map for Banff Park (Komex
International 1995) and analyzed as to whether they were within or outside of a 500 m
zone surrounding roads and townsites.
3

PW = problem wildlife control action; H = highway; RR = railroad; N = natural; U = unknown
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Results and discussion
Seventy-three recorded grizzly bear mortalities were deemed the minimum number for
Banff Park from 1971 to 1995 (Figure 3). The Banff Park mortalities from 1972 to 1995
account for 27.2% of all known grizzly bear mortalities in the Alberta portion of the
Central Rockies Ecosystem study area. It is assumed after talking to wardens and other
wildlife managers that significantly more grizzly bear deaths occurred in Banff Park than
are recorded in the period from 1971 to 1977. As well, several mortalities from the
databases were not included in this analysis because details of the incidents were so
unclear that their confirmation as distinct mortalities was not possible. Hence, Figure 3
may not be an accurate indicator of the mortality trend for the record period. Bears are
not constrained by political boundaries and individuals move freely in and out of adjacent
jurisdictions. Research is continuing into analyzing the mortality and translocation
databases for the Central Rockies Ecosystem portions of Alberta and British Columbia.
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Figure 3. Grizzly bear mortalities by year in Banff National Park 1971 to 1995 (n=73)

The peak from 1978 through 1983 may be real or it may be a continuance or decline
from the earlier period. Three events may explain the apparent peak: (1) the 1980
Whiskey Creek maulings led to the destruction of several bears besides the offender; (2)
the Cascade landfill was closed in J 981, removing a previously consistent food source;
and (3) the fencing of the Trans-Canada Highway began in 1983, reducing the potential
for highway mortalities.
Ten knovm mortalities occurred from /971 to J977, for an average of 1.4/year, and
accounted for 14% of all known grizzly bear deaths. The apparent peak from 1978 to
1982 contains 39 mortalities, for an average of7.8/year, and 53% of the total. There
were 24 recorded mortalities from 1983 to 1995, averaging 1.8/year, and accounting for
33% of all known Banff Park mortalities. The annual mortality rates in the 1978 to 1982
and 1983 to 1995 periods are significantly different (G=lO.lO; p<0.05; df=l). The
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decreasing trend in mortalities exhibited from 1981 to present partly reflects the
implementation of a superior garbage management system. However, given the grizzly
bears' low reproductive capability this decline may also be the manifestation of a
significant decline in the local bear population following the high annual mortality of the
late 1970's and early 1980's. Closure of Yellowstone National Park landfills was
followed by a significant decline in reproductive and survival rates as the number of
recorded mortalities roughly doubled in the two years of major landfill closures (Knight
and Eberhardt 1984; Craighead et al 1995).
Mortality type analysis (Figure 4) reveals that problem wildlife actions were the greatest
single cause of mortality (.,\'2= 122.4; p<O. 05; df=4). Causes of mortality include the
intentional destruction of the animal, accidental death during immobilization or in selfdefense actions, and translocation of the animal out of the population. Ten (13%)
highway and 3 (4%) railroad mortalities accounted for another 17%. A breakdown of the
mortalities into 5-year periods (Table 1) further illustrates that problem wildlife actions
were the largest category of mortality throughout the period of park data collection. It is
imponant to note that it is impossible to record all of the deaths attributable to natural
causes, the highway, and the railroad. Two research bears known to use Banff Park were
shot (1 legal hunt; 1 self-defense) on BC crown lands indicating that some percentage of
bears die outside the park boundaries. This suggests the need for cooperative
management of wildlife species, in particular wide-ranging carnivores such as grizzly
bear, between all land management agencies.
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Figure 4. Grizzly bear mortalities in Banff National Park by type 1971 to 1995 (n=73)
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Table 1. Grizzly bear mortalities in Banff Park by type, in 5-year periods 1971 to 1995.

Period

1971-75
1976-80
1981-85
1986-90
1991-95

Totals

Mortality Type
Problem Highway Railroad Natural Unknown
Wildlife
6
17
14
10
5

0
8
0

1
2
0
0
0

0
2
0
0
0

52

10

3

2

Totals Average No. of
Mortalities/year

0
4
1
0

8
31
17
13
8

1.6
6.2
3.4
2.6
1.6

6

73

2.92

The breakdown of known mortalities between age groups revealed a nearly even split
(adults: 31 =53%; sub-adults: 27=47%; unknown: 15). There is no significant difference
in the number of adult and sub-adult mortalities.
While decreasing mortality risk to grizzly bears is important, it is critical to manage
mortality of the female cohort. Knight and Eberhardt (1985) note that when dealing with
a small population of long-lived animals with a low reproductive rate, perturbations of
the age and sex structure can influence its dynamics for decades into the future. The
female cohort accounted for 56~/O (24 of 43) of the mortalities of known sex in Banff
Park, which is of concern to maintaining viable population levels (Table 2). The high
number of female mortalities in BantfPark is significantly different (./\:'2=5.91; p<0.05;
df=l) from the ratio in the province of Alberta (117 males; 61 females; Gunson 1995).
The Banff Park ratio equates to 1.04 female deaths/year since 1973 (no known female
deaths prior to 1973) without accounting for the large number of bears for which no sex
was recorded (30). Of the 24 mortalities from 1983 to 1995, 18 were of known sex and
16 (88%) of these were females. This period is significantly different (A-'2=11.52; p<0.05;
df=l) from the 1971 to 1982 period (17 males = 68%; 8 females = 32%; 24 unknown).
The inconsistency and incompleteness of mortality data are of concern. Effective
management of large ranging carnivores requires the collection of accurate data. Of the
known Banff Park mortalities, 41 % had no recorded sex and 21 % had no recorded age,
while Alberta's database had 8% and 9% in the respective categories. These differences
in data collection were significant (unknown sex; ./\:'2= 39.51; p<0.05; df=l; unknown
age; ./\:'2= 5.83; p<0.05; df=l).
It is important to mention that certain causes of mortality are more likely to be recorded
than others. Thus, if the proportional importance of causes change over time, the
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proportion of total mortalities recorded in any given year or time period may also change.
It is therefore difficult to judge the relationship between recorded and actual populationlevel mortality and to also judge trends in actual mortality from recorded mortality
(Mattson 1995).
Table 1.

Grizzly bear mortalities by age group and sex, with a comparison of
databases between Banff National Park (1971 to 1995) and the Province of
Alberta (1972 to 1995

Sex
Male
Female
Unknown

Banff Park
No.
19/43
24/43
30/73

Age
Sub-adult
Adult
Unknown

27 158
31 /58
15/73

%
44
56
41

47

53
21

Alberta
No.
117/178
611178
15/193

%
66
34
8

70/ 176
106/176
17/193

40
60
9

Human-caused grizzly bear mortalities are positively correlated spatially and temporally
with increased human access, augmenting bear-people conflicts (Mace et a1. 1987;
Mattson et aI. 1992; Mattson and Knight 1991). When towns and recreational facilities
occur within grizzly bear range, populations suffer disproportionately high mortality rates
in association with these facilities (Servheen 1989; Mattson and Knight 1991), while
known human-caused mortality is negatively correlated with distance from roads
(McLellan and Shackleton 1988; Mattson and Knight 1991). Over 90% of all known
b'Tizzly bear mortalities in Banff Park fall in front-country areas, within a 500m zone
surrounding all infrastructure. Minimizing habituation of grizzly bears (Meagher and
Fowler 1989; Mattson et al. 1992), and encounters between grizzly bears and humans,
remains the best option for minimizing the risk of mortality to grizzly bears (Mattson and
Knight 1991).
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HABITAT EFFECTIVENESS MODEL

Cumulative effects analysis (CEA) assesses the effects on a system of spatial and
temporal perturbations resulting from human activities (Beanlands et al. 1986). CEA
explicitly deals with effects. and most importantly, whether those effects exceed or fall
short of thresholds compatible with population goals of a given species or guild of
species. Hence, CEA and its subsequent models are tools to perform proactive
conservation (Weaver et al. 1987) of threatened or sensitive species and landscapes.
Habitat effectiveness modeling is a major component of cumulative effects analysis
developed to quantitatively and qualitatively assess the effects of human actions on
grizzly bears and their habitat. Since 1985, a cumulative effects model (CEM) for grizzly
bears has evolved into the consolidated form presented by the US Department of
Agriculture (USDA) Forest Service (1990). The model includes the past and present
human impacts on grizzly bears and their habitat. The habitat effectiveness model for
Banff, Yoho and Kootenay National Parks presented follows the USDA Forest Service
CEM with minor changes to allow our data to conform with the process.
Methods

Several types of data were required to produce a habitat effectiveness model; each data
set had inherent assumptions and errors. All analyses were based on 1:50,000 scale
mapping; therefore, data may not be sufficiently accurate for evaluating mitigation
scenarios on an activity-by-activity basis. Data compilation and analysis were facilitated
by SPANS® GIS (Intera Tydac Technologies Inc.) and Quattro Pro® (Borland
International Inc.) spreadsheet program.
The study area was subjectively divided into bear management units (BMU) based on
topographic features, human facilities and known high bear use areas. This division of
the landscape was done to: (1) assess existing and proposed activities without having
effects diluted by a large area; (2) correlate grizzly bear use and habitat ecology; (3)
identify contiguous complexes of habitat which meet year-long needs of grizzly bears;
and (4) prioritize areas where management needs require closer scrutiny (USDA For.
Servo 1990).
Habitat Component
Grizzly bear habitat data were taken directly from a habitat evaluation of the 4 mountain
parks by Kansas and Riddell (1995). This study applied a food habits model to the
Ecolo!,rical Land Classifications (ELC) (Holland and Coen 1982) of the Western Region
of Parks Canada. For their model, Kansas and Riddell (1995) identified key bear foods
through food habits and habitat-use data from previous studies (Russell et al. 1979;
Hamer and Herrero 1983; Hamer et al. 1985; Raine and Riddell 1991). They assigned a
value from 0 to 10 for ELC polygons in each park to reflect their importance for grizzly
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bears for each month. To reduce the volume of data, similar ELC polygons were grouped
into "functional units" and also assibrned a value from 0 to 10 for each month.
We used functional unit values to evaluate potential habitat for each BMU each month
following the USDA Forest Service ( 1990) CEM habitat routine. Months were grouped
into spring (April, May, and June), summer (July and August), and fall (September and
October) after calculations were complete. Readers should refer to the USDA Forest
Service (1990) CEM for these computational formulas.
The output from this routine is the habitat component for the effectiveness model. In
essence, our habitat component is a qualitative assessment of the spatial and temporal
distribution of grizzly bear foods for the 3 parks. The habitat evaluation generated a
table of val ues from 0 to 10, rating potential grizzly bear habitat in each BMU based on
spatial and temporal distribution of foods for each season. A BMU rated 0 is interpreted
as of no val ue to grizzly bears, whereas a BMU rated 10 translates to the best possible
habitat available in a given season.
Disturbance Component
The disturbance component for the etTectiveness model uses human activity maps from
previous ecosystem studies (Komex International 1995). These maps use vector, point,
and polygon data categorized into 7 classes on an exponential scale based on park
visitation records and personal observation. These data became the basis for delineation
of the types and intensity of human uses and their associated disturbance values. The
major assumption of the human activity model is that it accurately reflects human use at
a landscape scale. Underlying assumptions of the disturbance component are listed in the
USDA Forest Service (1990) CEM.
Following the USDA Forest Service ( 1990) CEM, our human use model was stratified
based on: (I) motorized or non-motorized type of activity; (2) point or linear nature of
activity; (3) high or low intensity of activity; and (4) cover or non-cover security class.
Linear activity included highways and trails. Point activity included campgrounds,
lodges, and other developments. High use was defined as > I 00 vehicles or
people/month, and low use was defined as < I 00 vehicles or people/month. The USDA
Forest Service model used 80 vehicles or parties/month as the division between high and
low use. Based on the ELC, cover was defined as forested ecosites and non-cover was
defined as grassland and alpine ecosites.
Once stratified, each activity group was assigned a disturbance coefficient and
associated zone of influence. The zone of influence (measured horizontally) identified
the area in which grizzly bears would be affected by the activity; the coefficient
identified the degree of disturbance within the zone of influence. The degree of
habituation of a bear population and the type of human activities (recreation, resource
extraction, or hunting) influences bear behaviour. The consequences of bears habituating
to, or avoiding, people were incorporated into disturbance coefficients and associated
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zones of influence. Disturbance can influence bear use through actual displacement and
change in use patterns reducing the time available for a bear to use an area (e.g., 24 hour
to nocturnal only use). Disturbance factors were considered in coefficient development.
Disturbance coefficients were rated on a scale of 0 to 1 based on how grizzly bears
would respond to a given activity (e.g., what percent of the bears would still use the
habitat within the zone of influence for what percent of a 24-hour period). For example,
a disturbance coefficient of 0 implies total displacement - none of the habitat within the
zone of influence would be available to the bear. A disturbance coefficient of 1 indicates
no disturbance - the accessibility to the habitat within the zone of influence is not
affected by the activity. A disturbance coefficient of 0.5 indicates that an area's ability to
support bears is at 50 % of its potential; either half of the bears have been displaced or all
the bears can use the area only half of the time, or any combination. Regardless, the
result is the same: the area's ability to support bears is reduced by 50 %.
For this model, disturbance coefficients and zones of influence from the Yellowstone
ecosystem were adopted for the types and intensities of human use. Coefficients from
the Yellowstone ecosystem were chosen because of the following: ( 1) there was no
empirical data on human influences in the Canadian Rocky Mountains; (2) the
Yellowstone study area has similar types of human influences on grizzly bears given a
protected core surrounded by multiple-use lands; and (3) more research has been done on
human effects in the Yellowstone ecosystem than other areas. Consultation with
knowledgeable individuals (Mattson pers. comm.; Puchlerz pers. comm.) concurred that
the Yellowstone situation is analogous to the 3 Canadian mountain parks. Some minor
modifications to Yellowstone's security cover classes were necessary to allow our data to
fit the model. Yellowstone's model incorporates 5 security classes, whereas this model
incorporates 2.
We multiplied disturbance coefficients by the habitat value within the affected portion
of a polygon to compute disturbance values. Disturbance within overlapping zones of
influence were cumulative, hence coefficients were multiplied together. Again, readers
should refer to the USDA Forest Service( 1990) CEM for detailed methodology and
formulas.
The disturbance component generated a table of numeric values from 0 to 10 rating the
realized ability of grizzly bears to continue using habitats influenced by human activity.
The same units of measurement were used as the habitat component which allowed for
comparisons between inherent habitat quality and altered conditions. A BMU rated 0
was interpreted as of no val ue to !,Yfizzly bears, whereas a rating of IO translated to the
best possible remaining habitat. The disturbance component illustrates alienation within
BMU units by season. Output from this routine measured the ability of bears to continue
using habitat influenced by human activity.
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Habitat Effectiveness
Habitat effectiveness is the comparison between the habitat and the disturbance
components of the model and reflects an area's actual ability to support bears.
Comparison of the habitat and disturbance components produces a table of habitat
effectiveness values for each BMU that represent the percentage of potential for that area
by season. These numeric values are interpreted simply as what percentage is left after
accounting for human disturbances imposed upon the area.
Interpretation of habitat effectiveness as a percent of pristine habitat cannot be
translated into number of bears lost. The CEM process is still under development, and
the information needed to state actual effects on the grizzly bear population (numbers of
bears) is not known. Therefore, it oversteps the bounds of the model to attempt to
determine the number of bears that could be supported by restoring an area to natural
conditions. Likewise, popUlation losses resulting from further development cannot be
determ ined.
Results and discussion

The habitat component provides a measure of the inherent food potential or productivity
of the landscape for spring, summer and fall. Values range from very high capability
such as BMU 40 (8.0 spring; 8. 1 summer; 8.4 fall) to low capability such as BMU 1 (1.9
spring; 1.5 summer; 1.7 fall). Habitat component results for summer were categorized
into very high (>7), high (5.0 to 6.9), moderate (3.0 to 4.9) and low «2.9) potential
(Figure 5). Values for spring and fall were similar to summer values (Table 3). A
significant portion of the landscape is only moderately productive habitat (Figure 5).
Much of this is due to unproductive land within individual BMUs. For example, BMU 1
is 70% rock and ice. Much of the mountain national parks are not inherently prime
grizzly habitat; this is a new concept for many people and an important realization in
understanding the basis for CEA.
The disturbance component was used to compare and contrast habitat productivity when
human influences were considered. Model output depicts dramatic declines from
potential in some BMUs. For example, in Banff Park, 18% of the BMUs were inherently
low potential in summer. However, when human disturbance was added, 48% of the
BMUs in Banff Park had low realized productivity. Disturbance components for summer
were categorized into high (5.0 to 6.9), moderate (3.0 to 4.9) and low «2.9) realized
grizzly bear habitat (Figure 6). Values for spring and fall were similar to summer values
(Table 3). The disturbance component suggests wide spread habitat alienation in areas
considered core refugia for grizzly bears in the Canadian Rocky Mountains.
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Figure 5. Potential grizzly bear habitat for bear management units in Banff,
Yoho and Kootenay National Parks.
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Table 2. Summer values for Canadian National Parks habitat effectiveness model

Bear m~t. unit

Potential

Realized

Habitat effectiveness

1
2

1.5
3.1
3.4
2.4
3.0
2.3
2.6
3.5
4.5
3.5
3.2
2.6
4.0
4.1
4.4
5.5
5.2
5.3
5.6
4.8
5.3
7.4
3.5
4.0
5.1
3.5
3.9
4.7
4.4
3.0
4.8
3.6
4.3
4.3
4.8
5.6
6.9
7.8
6.9
8.1

1.0
2.7
2.9
2.3
2.2
2.2
2.5
2.6
2.1
3.1
2.5
2.5
3.8
3.8
3.8
3.8
3.9
4.0
4.4
4.7
4.8
3.6
2.9
3.5
4.7
2.9
3.5
4.1
4.1
2.0
3.9
2.8
4.2
3.6
3.9
5.0
6.1
6.7
5.6
6.9

66.6
87.1
85.3
95.8
73.3
95.6
96.1
74.3
46.6
88.6
78.1
96.1
95.0
92.7
86.4
69.1
75.0
75.5
78.6
97.9
90.6
48.6
82.8
87.5
92.1
82.8
89.7
87.2
93.2
66.6
81.2
77.7
97.7
83.7
81.2
89.3
88.4
85.9
81.1
85.2

.,

.)

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
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Figure 6. Realized grizzly bear habitat for bear management units in Banff,
Yoho and Kootenay National Parks.
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Figure 7. Grizzly bear habitat effectiveness for bear management units
in Banff, Yoho and Kootenay National Parks.
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The habitat effectiveness value quantifies the extent of landscape available to bears
when human influences are considered. Figure 7 displays habitat effectiveness for
summer categorized into 4 percentages of potentia I. For many BMUs the model suggests
that the ability of the landscape to support bears has been significantly reduced. For
example, BMU 19 is 78.6% of potential in the summer (Table 3).
It must be noted, however, that the actual response of individual grizzly bears to varying
levels of habitat effectiveness has not yet been empirically determined. Currently, there
are no clearly defined habitat effectiveness thresholds beyond which grizzly bears are
eliminated.
To summarize the analysis and give perspective on the entire landscape, all 40 BMUs
were combined. In total, this analysis covered 9,344 km 2 of de Jacto core refugia within
the Central Canadian Rockies. Using summer values, the area has a modeled potential
habitat value of 4.4, a realized habitat value of 3.6, and a habitat effectiveness value of
83.1%.
The status of national parks as protected areas, and therefore refugia for large
carnivores, has been taken for granted since their creation> 100 years ago. Incremental
recreational development has never been considered a threat to this protected status. As
we approach the close of the twentieth century we need to reconsider this paradigm.
With the continued erosion of grizzly bear habitat in what is supposed to be core refugia,
time is clearly not on the park manager's side.
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CORE SECURITY AREAS

Researchers recognize that human access is one of the most influential factors affecting
grizzly bear habitat security. Although grizzly bear mortality can be regulated and
influenced by changes in human attitudes, it seems unlikely that humans will generally
tolerate much contact with an animal like the grizzly bear, that is a direct competitor for
foods (Mattson 1990) and a potential hazard (Herrero 1985). Thus, there is a strong case
for preserving areas were brrizzly bears will be secure from encounters with humans;
where bears can meet their energetic requirements while at the same time choosing to
avoid people (Mattson 1993). Such core security areas would foster the wary behaviour
in grizzly bears that most managers consider desirable (Mattson 1993).
Core area analysis uses GIS technology to identifY areas that are functional at the scale
of individual foraging bouts for adult female bears (Mattson 1993; Puchlerz and
Servheen 1994). The concept of core security areas also includes habitat quality,
minimum dimensions, spacing, and connectivity between female home ranges. These
identifiable characteristics are currently under development as we gain a better
understanding of the needs of grizzly bears in the Canadian Rocky Mountains.
Methods

A number of data layers, compiled from numerous sources at various scales, were used
in the analysis of core security areas. A brief description of each data layer, including the
source, is provided. Data compilation and analysis were facilitated by SPANS® GIS
(lntera Tydac Technologies Inc.).
Elevation: The digital elevation model from the Central Rockies Ecosystem Atlas
(Komex International 1995) was used to derive an elevation cut at 2400 m. That
elevation was the upper limit of useful grizzly bear foraging through analysis of the
grizzly bear habitat model (Kansas and Riddell 1995; Kansas and Herrero 1996) and the
upper observed elevation from 2,400 radio-telemetry locations from the Eastern Slopes
Grizzly Bear Project.
Vegetation: The classified satellite image from the Central Rockies Ecosystem Atlas
(Komex International 1995) was used to derive a layer representing vegetative cover.
Classes such as snow and ice, bare soil, and cut-overs were reclassified out of the image.
The product carried into further analysis was a single class map showing vegetated areas
of the Central Rockies Ecosystem.
Ecosites: The I :50,000 scale digital mapping of ecosites (Holland and Coen 1982) was
used as a basis for assessing the habitat quality of core areas. Ecosites are recurring map
units that integrate information on landforms, soils and vegetation.
Human Use: The same human activity data from Central Rockies Ecosystem Atlas
(Komex International 1995) used in the habitat effectiveness model (Gibeau 1995a)
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formed the basis of human analysis for core security areas. For areas within Banff Park,
additional updated human use data was provided by 1. Wierchowski, in consultation with
the Banff Bow Valley Study (pers. comm.). Data was provided for two time scenarios:
1950 and 1995+ (the 1995+ layer includes all current development as well as approved
development projects). In each case, data was classified on the same logarithmic scale of
human use as the ecosystem atlas, with class values of 1 through 6. Following the same
methods as the habitat effectiveness model, human use was divided into high and low
categories with 100 people per month being the break point. For both 1950 and 1995+,
data from classes 3 through 6 (inclusive) were combined to be used in further analysis.
Also, to create future scenarios, data from class 2 of the 1995+ database were aqded into
the high category.
Additional human use data for an area of Kananaskis country were provided by S.
Donelon of Alberta Environmental Protection (pers. comm.). The areal extent of the
database covered three NTS 1:50,000 map sheets and included both polygonal and linear
features with human use levels linked to each feature. This database was reclassified
into either a high or low use class, based on the same criteria as the habitat effectiveness
model with 100 users per month as high use. For areas in British Columbia, feature
layers which had been previously extracted from 1:20,000 BC-TRIM sheets were used.
This data covered both Kootenay and Yoho National Parks, as well as the surrounding
area. Data layers were categorized into high and low use based on subjective criteria and
the expert opinion of BC Forest Service and Parks Canada personnel.
Bear Management Units: This data was taken directly from the habitat effectiveness
model (Gibeau 1995a). Bear management units were used to analyze the percentage of
landscape defined as secure core areas.
Basemaps: It was necessary to generate basemaps for each of the two areas of focus. The
first area of focus was Banff Park. A basemap for the park was derived from the BanffJasper Biophysical, mapped at a scale of 1:50,000. The second area of focus was the
entire Central Rockies Ecosystem. However, human use data was not available
throughout, therefore a basemap corresponding to the extent of the human use data was
created. This was accomplished by outlining the areal extent of each of the three data
sources and combining these outlines as a basemap, so that areas beyond the extent of
human use data were not considered in the final analysis.
The initial stage of core security area analysis was to remove areas from the landscape
that were unavailable to bears. This was accomplished by combining the vegetated cover
map with the 2400 m elevation cut. All lands that were either below 2400 m and/or
vegetated were considered suitable lands for core security areas.
The next step was to create a buffered zone of influence, around all high human use
features, for each of 3 time periods: 1950; 1995+; and a future scenario. We used a zone
of influence of 500 m, following Puchlerz and Servheen (1994) which is very
conservative in comparison to research results from Yellowstone National Park (Mattson
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et aI. 1987; Reinhart and Mattson 1990; Mattson et aI. 1992; Green et al. 1996). Linear
and polygonal features were buffered separately. Once the buffered human use data were
prepared, the files were imposed on the map of suitable lands. This removed all areas
within the zone of influence from further consideration. Maps for each of the 3 time
periods depicting potential security areas were generated once the area of suitable
landscape outside the zone of influence had been determined.
Much of the basis for core security areas relies on establishing a minimum area
corresponding to a 24 to 48 hour feeding bout of an adult female grizzly bear (Mattson
1993; Puchlerz and Servheen 1994). Hamer and Herrero ( 1983) recorded an average
daily movement of 1.2 km for adult female bears in the Cascade Valley, which
corresponds closely to empirical data from the Yellowstone ecosystem (Mattson 1993).
A minimum size criteria of 4.5 km 2 was adopted, based on a feeding radius of 1.2 krn.
All polygons smaller than 4 5 km 2 were eliminated from further consideration.
A second series of maps depicting security areas greater than 4.5 km 2 , were produced.
This product was then stamped onto the suitable lands map, which in tum was stamped
onto the basemap relevant to the scenario. This resulted in 4 maps of security areas
greater than 4.5 km 2 for: (1) Banff Park 1950; (2) Banff Park 1995+; (3) Banff Park
future scenario; and (4) the modified Central Rockies Ecosystem. For each of the Banff
Park scenarios, a tabulation of the land base in security area, unsuitable landscape, and
land within the zone of human influence, were prepared for each bear management unit.
For the modified Central Rockies Ecosystem, this tabulation was performed for the entire
area as a whole.

An additional analysis of core security areas was performed based on a minimum size
criteria of2500 acres or 10.1 km 2 . This minimum size has been adopted by the US
Forest Service for the Flathead National Forest (Puchlerz pers. comm.) based on
empirical work of Mace and Manley ( 1993) The analysis followed the above methods
with the exception that polygons smaller than 10.1 km 2 were eliminated from further
consideration.
Results and discussion

Removal of rock, ice, and areas of bare soil from the analysis as well as an elevation cut
of areas greater than 2400 m delineated suitable areas for grizzly bears (Figure 8). Only
3560 km 2 (53%) of BantI Park is suitable bTfizzly bear habitat. This contrasts sharply with
83% suitable habitat on British Columbia provincial lands, and 69% on Alberta
provincial lands that were included in the analysis (Figure 9). This provides
reinforcement to the habitat effectiveness model demonstrating that the national parks
are not inherently good grizzly bear habitat despite being considered the core refugia in
the Canadian Rocky Mountains. Caughley ( 1994) summarized this phenomena stating
that species in trouble end up not in the habitat most favourable to them, but in the
habitat least favourable to the agent of decline.
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Prior to imposing a minimum size criteria, potential security areas are identified in the
Central Rockies Ecosystem where human use data were available using a 500 m zone of
influence on either side of all motorized roads, high use trails and facilities (Figure 9).
Analysis of the Central Rockies Ecosystem identifies 74.9% potential security areas for
bears outside of BantT Park as compared with 71.5% available within the Park (Figure
10). Similar analysis recently completed in the Greater Yellowstone Ecosystem
(Puchlerz pers. comm.) identifies 87.2% of the landscape as secure outside of
Yellowstone National Park as compared with 90% secure inside the Park.
Application of minimum size criteria based on an adult female's daily foraging area of
4.5 km 2 (Hamer and Herrero 1983) begins to define core security areas for Banff Park.
Human use data provided by the Banff Bow Valley Study allows both forecasting into the
future and reconstruction of the past for time sequence display. Progressive apparent loss
of security areas starting with 1950 (Figure 11), through the current (Figure 12), and into
the future (Figure 13) depict a steady deterioration of habitat within Banff Park.
Fragmentation and insularization of habitat within the Banff Park landscape is evident.
The average size of habitat patches proceeds from 119 km 2 in 1950, to 47 km 2 in 1995,
and finally 21 km 2 in the future (Figure 14). Corresponding to the decrease in patch size
is an increase in the number of patches from 26 (1950) through 53 (1995+) to 87 (future)
(Figure 14).
Mattson ( 1993) points out that Iinking security areas based on individual foraging bouts
into a security area network is fundamental to the concept of core security areas. We
have not addressed the issue of connectivity in this analysis although we recognize it is
the next logical, and perhaps the most challenging, step.
The same pattern of fragmentation and insularization occurs when an empirically based
minimum size criteria of 10.1 km 2 (2500 acres) is applied to Banff Park (Figure 15).
Core security areas decrease from 86% in 1950, to 66% in 1995, to 42% in the future
scenario. A linear reduction in the total area available within Banff Park is also evident
(Figure 15).
The concept of core security areas needs further refinement in the Central Rockies
Ecosystem. Empirically based minimum size criteria are possible with addition
knowledge provided through the Eastern Slopes Grizzly Bear Project. This project will
also empirically test grizzly bear use of an assemblage of core security areas within home
ranges. However, current analysis clearly demonstrates an ever-increasing deterioration
of habitat within Banff Park, and along with that, the ability to foster the wary behaviour
in grizzly bears that most managers consider desirable.
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Grey bars - Average size of grizzly bear core security areas (1an2)
Black line - Number of grizzly bear core security areas
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LINKAGE ZONE PREDICTION MODEL

Linkage zones are combinations of landscape structural factors that allow wildlife to
move through, and live in, areas impacted by human actions (Servheen and Sandstrom
1993). This technique assesses the degree of habitat fragmentation caused by the
cumulative effects of human actions in an area. The assessment results in the
identification of potential areas that can act as linkage zones between areas of habitat
separated by human activities. It is ideally suited to assess and map possible movement
corridors in valley bottom settings that tend to experience higher levels of human activity
while at the same time support inherently high grizzly bear habitat quality.
A linkage zone prediction (LZP) model was developed in the U.S. (Servheen and
Sandstrom 1993) to identifY and quantify areas of potential carnivore crossing and use in
mountain valleys. The base assumption of the LZP model is that human activity in areas
of high human development is the primary influence upon grizzly bear distribution, not
food availability. The output of the model is a scored map identifYing areas of varying
levels of danger from human influence. Areas with low danger levels represent potential
linkage zones.
Methods

Methodology for the LZP model was taken directly (with permission) from Mietz
(1994) with minor modification to allow our data to conform to the process. The model
was run using ARC/INFO and ERDAS software on an UNIX workstation in the Wildlife
Spatial Analysis Lab supplied by the Grizzly Bear Recovery Program of the U.S. Fish and
Wildlife Service in Missoula, Montana.
Digital data were suppl ied from several sources each with their own inherent
assumptions and error. The Ecological Land Classification of Banff and Jasper National
Parks (Holland and Coen 1982) provided habitat data. The Atlas of the Central Rockies
Ecosystem (Komex International 1995) provided a digital terrain model, land use zoning,
and the same human activity model used for both the habitat effectiveness model and the
core area analysis. Additional human use data came from Wildlife Corridors in the Bow
River Valley report (Paquet et al. 1994). Updated human use information was supplied
by the Banff Bow Valley Study. The major assumption of the human activity model is
that it accurately reflects human use at a landscape scale. Data were converted from
SPANS® GIS format to ARC/INFO and transferred to the UNIX workstation.
The LZP model uses 4 criteria, in the form of computer-based GIS layers, to predict
grizzly bear movement patterns and habitat use:
( 1) access route density;
(2) density and nature of developed human sites;
(3) presence or lack of hiding cover; and
(4) within a riparian area
(Servheen and Sandstrom 1993).
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Each GIS layer consists of a 30 X 30 meter pixel brrid that is assigned a score using the
methods described below. The higher the score the greater the danger for grizzly bears.
Access route density layer
We followed the Grizzly Bear Motorized Access Task Force report (Puchlerz and
Servheen 1994) to aid in clarifying differing definitions of the different types of roads
and trails. Access density included all roads, the railway and high-use trails. The divided
section of the Trans-Canada Highway was analyzed as a double drawn line to represent
twice the road density of a single drawn road. High use was defined in the same way as
both the habitat effectiveness model and core area analysis as > 100 people/month.
Access density was calculated by performing a moving circle analysis using the
focal sum command in ARC/INFO. The moving circle analysis used a 900 meter radius
circle at a 30 X 30 meter pixel resolution to approximate a square mile. Values of 1 were
assigned to any pixel with a road, rail, or high use trail in it, and a value of 0 to pixels
with no features within the circle. The value of all pixels were then summed within the
circle and that value assigned to the center pixel. The analysis then moved on to the next
pixel and repeated the process. Individual pixels were then grouped into 4 access density
categories and given a score. A score of 2 was given to pixels with 0 mile per square
mile access density, 3 for 0 to I mile/mile 2,4 for 1 to 2 miles/miles 2, and 5 for any
density above 2 miles/mile 2 (Servheen and Sandstrom 1993).
Developed sites
To determine a danger score for each developed site, each point or polygon feature is
assigned a surrounding area of influence. Zones of influence are based on the U.S.D.A.
Forest Service CEM (1990) and Servheen and Sandstrom (1993). Developed sites were
categorized according to use levels. Use levels of 1 to 100 people/month were buffered
with 120 m, whereas all higher use levels were buffered with 240 m to create zones of
influence.
Each pixel was then scored based on the proximity of the developed site to the zone of
influence. If a pixel was within a zone of influence it was given a score of 6, within 100
m of an influence zone a score of 5, within 100 to 200 m of an influence zone a score of
4, and beyond 200 m of an influence zone a score of2 (Servheen and Sandstrom 1993).
Hiding cover
Each of the ecosites mapped in Banff Park were considered as hiding cover or nonhiding cover based on their vegetation physiognomy and composition as described by
Holland and Coen (1982). The following ecosites were considered to not offer adequate
cover:
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AT3
EN2
HD4
NJ2
SB4
VLI
WH7

AZI
EN3
HD6
NT3
SB5
VL2
WH8

BPI
FVI
HEI
NY3
SXl
WF2
WWl

BSI
FV4
HE2
PL4
SX2
WF3
WY2

BS2
FV5
IB2
PP4
SX3
WF6

CNI
GT2
JNI
PP7
TA2
WF7

DG3
HC2
KAI
RDI
TKI
WH3

EFI
HC4
LV2
RD2
TRI
WH4
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EG4
HD2
MPI
SBI
TR2
WH5

Of the 161 ecosites mapped in Banff, Kootenay and Y oho National Parks, 102 were
considered to offer sufficient security cover for grizzly bears.
Servheen and Sandstrom ( 1993) assumed that areas more than 50 m from cover are not
used frequently by bears and pose a greater mortality risk. Therefore, non-cover (more
than 50 m from hiding cover) was given a value of 5, while cover was given a value of 2.
Areas within 50 m of hiding cover allow some protection to grizzly bears in the form of
quick escape to hiding cover. Hence, edge (within 50 m of cover) was given a value of 3.
Riparian areas
According to Servheen and Sandstrom (1993), riparian areas for the purpose of linkage
zone analysis must meet the following criteria:

(l) areas expected to contain higher amounts of bear foods and to provide
opportunities for bear movements; and
(2) areas containing relatively broad wet site vegetation associations.
We adopted information from Holland and Coen (1982: 163 - Table 95) that identified
"dominantly wet terrain" by ecosite, ecoregion and genetic material. These ecosites
include VLl, VL2, VL3, VL4, VL5, VL6, CVI, HCl, HC2, HC4, MCl, SXl, SX2, SX3,
NT2 AND NT3. This provided a first cut of riparian areas identified by ecosite
characteristics.
In addition to specific riparian ecosites, a 50 m area on either side of a stream course
was considered to provide the same attributes as riparian areas. Therefore, all stream
channels were assigned a 100 m buffer to be included in riparian habitats. All areas
within riparian habitats were given a value of 1; outside of those areas they received a
value of2.
Combined danger score
The sum of all the scores for the 4 layers provided a single combined danger score. The
higher the value, the greater the level of human influence and/or poorer habitat for
grizzly bears. Combined scores within the 7 to 10 range were rated as minimal danger,
11 to 12 low danger, 13 to 14 moderate danger, and IS to 18 high danger.
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Results and discussion

The linkage zone selection process rates the landscape based on its value as grizzly bear
habitat and the extent of human use. Model output displays the scored values of current
human use patterns in the Bow River Valley (Figure 16). Potential areas oflow human
use that retain good opportunities for wildlife travel and use (linkage zones) are
identified. These are potential linkages only, as Figure 16 does not take into
consideration the Trans Canada Highway fence. Note that east of Banff Park there are
few potential opportunities for linkage zones.
Inclusion of highway fencing and mitigation measures from the East gate of Banff Park
through to Castle Junction alters the scored map and linkage zones (Figure 17). A
dramatic decrease in potential crossing areas are evident. Two of the 3 engineered
crossings depicted are wildlife overpasses that are, as of yet, unproven. Currently, the
only engineered structure for which grizzly bear use has been documented and confirmed
is a large underpass spanning the Bow River, railway and lA highway. This structure
can be improved as a linkage by widening the crossing on the west side of the river and
providing security cover throughout.
Human use data provided by the Banff Bow Valley Study allows both forecasting into
the future and reconstruction of the past for additional analysis. A modeled output map
for Banff Park based on 1950 human use depicts significantly fewer moderate and high
danger scored values (Figure 18). Linkage zones for 1950 within Banff Park are more
extensive than current. Fencing of the Trans Canada Highway has had a significant
effect on the ability of grizzly bears to move across the Bow River Valley. The
implications of such a barrier are unknown, although even preliminary genetic findings
suggest major fractionation of the landscape (Gibeau 1995b, Gibeau and Herrero 1996:
Table 4).
The possibility of future highway expansion and associated fencing through to west of
Lake Louise can also be modeled (Figure 19). The scored value map does not change
given a scenario of no additional infrastructure being built other than highway expansion.
However, the implications of highway fencing and associated mitigation could have
profound effects on grizzly bear passage across the Bow River Valley. It becomes
imperative that engineered crossings be designed and monitored to ensure effective
movement.
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HABITAT QUALITY AND CHANGE OVER TIME

Grizzly bears seek high quality seasonal habitats. The degree to which human activities
and development hinder their quest for these habitats is a major issue that requires
considerable understanding in order to manage grizzly bear populations. In an area with
very low levels of human development and activity, grizzly bear use of habitat
corresponds to a large extent to the location of concentrations of seasonally favored food
sources (Stelmock 1981; Craighead and Mitchell 1982; Hamer and Herrero 1983).
Ecological studies of grizzly bears in the Canadian Rocky Mountain National Parks
(Russell et al. 1979; Hamer and Herrero 1983; Raine and Riddell 1991) have
demonstrated that grizzly bears utilize certain key plant and animal foods seasonally, and
shift their seasonal land use to areas where these foods occur in abundance. Throughout
North America considerable effort has been expended on the identification and mapping
of grizzly bear habitat on the basis of seasonal food abundance within mapped land units
(Craighead et aI. 1982; Mace and Bissel 1985; Aune and Kasworm 1989; Fuhr and
Demarchi 1990). Another approach to rating grizzly bear habitat quality has been to use
radio-telemetry data to examine selection patterns among mapped land units or habitat
components. In the 4 Mountain National Parks (including Banff Park) the former
"seasonal food abundance" approach was used to measure preferred food availability
within mapped ecosites for each month from April through October (Kansas and Riddell
1995).
As human use of the landscape increases, access by grizzly bears to seasonal
concentrations of important foods can be limited or blocked (Mace and Manley 1993;
Mace et. aI. ] 996). Even though a land area may produce abundant food supplies for
grizzly bears because of some combination of inherent ecological conditions (e.g.
climate, landform and soils), bears may not utilize the area because of high levels of
sensory disturbance or mortality risk. This unwillingness of bears to utilize otherwise
suitable habitat is termed effective habitat loss, and can be quantified to some extent
through standardized measures of habitat effectiveness (Weaver et al. 1986, Gibeau
1995a) Effective habitat loss is generally more severe in areas that allow hunting than it
is in protected areas (Mace and Manley 1993; Mattson ]993). Related to this is a grizzly
bear's need for habitat types that offer security in the form of cover. In hunted areas the
importance of security cover becomes greater (Mattson ] 993), and this is reflected in
changes to disturbance coefficients in habitat effectiveness models for open versus closed
vegetation cover areas (USDA Forest Service 1990).
Because of a combination of social and ecological requirements, grizzly bears need
large areas ofland or "space" on an annual and lifetime basis, as pointed out earlier in
this document (pages 1 and 2). This requirement for space also assumes that there is an
equitable distribution of seasonally appropriate habitat within an annual or lifetime
range. This concept of seasonal habitat equity is central to the development of habitat
effectiveness models (Weaver et al. 1986).
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Regardless of the assessment method used, habitat quality needs to be taken into
account either as a primary or secondary factor. The structure of grizzly bear cumulative
effects assessment (CEA) models (Weaver et al. 1986; USDA Forest Service 1990)
reflects the need to take into account both inherent habitat quality and the effects of
human activities and development. For example, the unified CEA model for grizzly
bears in the NW United States (USDA Forest Service 1990) has three sub-models or
"routines": habitat quality; disturbance; and mortality. Core area analysis and linkage
zone assessment are grizzly bear impact assessment techniques that emphasize the
influence of human effects with habitat quality taking a secondary role. Habitat
effectiveness models an area's actual ability to support bears given the quality of the
habitat and the extent of human disturbance.
Grizzly Bear Habitat Quality in Banff National Park
Location monitoring and fecal analysis of radio-collared grizzly bears (Hamer and
Herrero 1983; Carr 1989; Raine and Riddell 1991) has provided wildlife managers with a
good understanding of the seasonal food and habitat preferences of grizzly bears in the
Central Canadian Rocky Mountains. Kansas et al. (1989) and subsequently Kansas and
Riddell (1995) used information from these studies, in conjunction with standardized
biophysical inventory and mapping databases (Holland and eoen 1983), to predict
seasonal food abundance of ecosites in Banff, Jasper, Kootenay and Yoho national parks.
Habitat quality for grizzly bears in Banff Park varies widely depending on elevation and
site conditions (Kansas and Riddell 1995). According to Mattson (1993), the optimal
assessment sequence for identifYing core security areas for grizzly bears includes the
identification of "high priority security areas" which contain high quality bear habitat. In
the Four Mountain National Parks, Kansas ( 1992: table 4) reported that average ecosite
quality ratings in the montane ecoregion were from 1.4 to 1.6 times higher than for
ecosites found in the next highest ranking ecoregion (the lower subalpine). Kansas and
Riddell ( 1995) listed the ten highest ranking ecosites for food quality in the Four
Mountain National Parks monthly from April to October. Of these, montane ecosites
occupied "top-ten" positions an average of 6.7 times per month for the 7 months.
Servheen and Sandstrom (1995) further stressed the value oflower river valley habitats to
grizzly bears in mountainous areas stating, "mountain valleys in the interior Rocky
Mountains were always important grizzly bear habitat areas because they contain
important vegetation and seasonal habitat and elevations that provide bear foods".
Fire and Grizzly Bear Habitat
A positive influence of wildfire on grizzly bear habitat use has been observed both east
and west of the Continental Divide in the Central Rockies Ecosystem. Hamer and
Herrero (1983, 1987) observed that most grizzly bear feeding in the Cascade valley of
Banff Park occurred in open or seral vegetation associations. The majority of feeding
bouts were associated with early successional or edaphically controlled fire and
avalanche communities. Hamer and Herrero (1987) felt that grizzly bear habitat in Banff
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Park had decreased as a result of fire suppression stating, "because the plant communities
in grizzly bear feeding habitat often appeared to be succeeding to forest types detennined
to be unimportant to foraging bears, it seems that grizzly bear feeding habitat will
decrease in the absence of recurring wildfire. If this is the case, an eventual decline in
grizzly bear density is expected. ".
Raine and Riddell ( 1991) also observed that burns were a preferred habitat of radiocollared grizzly bears during the berry season in Kootenay and Yoho National parks,
notwithstanding the limited areal extent of burns. Other researchers outside of the
Central Rocky Mountains have also noted the importance of wildfire to grizzly bears.
For example, Zager et aI. (1983) found that in Montana the canopy cover of six berryproducing shrubs was higher in burns of 35 - 70 years old than in old growth sites.
Russell et aI. (1979) felt that the low numbers of grizzly bears in Jasper National Park
was in part due to an absence of wildfire in that area since the turn of the century.
Fruits of berry producing shrubs are highly important to grizzly bears during the late
summer and autumn fattening or "hyperphagic" period (Hamer 1995). In the Eastern
Slopes of the Central Canadian Rocky Mountains the most important berry producing
shrub is buffaloberry (Shepherdw canadenSIS). Recent research by Hamer (1995) has
shown that wildfires created early successional plant communities in which were
recorded highest buffaloberry fruit production. Preliminary research findings by Hamer
(1996) also indicate that yellow hedysarum (Hedysarum sulphurescens) root density and
biomass are enhanced in burned areas. This plant is a primary food for grizzly bears
during the early spring and late autumn periods (Hamer and Herrero 1983, Raine and
Riddell 1991). Early successional fire communities create open forest canopy, which
was found to be the dominant variable enhancing both buffalo berry and yellow
hedysarum production (Hamer 1995, 1996). Hamer and Herrero (1983) also stressed the
importance of fire successional vegetation for ungulates such as elk, moose and deer.
Elk are an important high quality food for !:,Tfizzly bears in portions of BanfIPark (Hamer
and Herrero 1983).
Achuff et al. (1996) concl uded that the fire regime of the Bow River valley watershed of
Banff Park, particularly the Montane Ecoregion, has been significantly altered from the
historical regime by fire prevention and suppression. Prescribed fire in Banff Park over
the last decade has totaled only 40% of the long tenn average burned per decade. This
has in turn lessened the availabil ity of open canopy environments, with negative
implications for at least two major grizzly bear food items (Hamer 1995, 1996). The
overall effect that this may be having on grizzly bear populations, especially considering
the compounding negative factors of displacement through sensory disturbance and
habitat fragmentation and relatively high levels of mortality is likely si!:,l11ificantly
negative.
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Habitat Fragmentation and Core Security Areas
Much of the scientific literature on the effects of fragmentation on wildlife habitat deals
with the biological consequences of the creation of habitat islands of different sizes,
usually nested within a matrix of agricultural or other highly developed lands (Saunders
et al. 1991). This traditional view of habitat fragmentation results typically from large
scale physical loss of habitat or drastic and widespread habitat alteration. In Banff Park
this type of direct habitat loss has, with the exception of portions of the lower river
valleys, not occurred to date. The "loss" of habitat that is quantified through cumulative
effects assessment and core area analysis, is mostly not physical habitat loss per se. It
would be more accurately described as a loss of security, which is being triggered
primarily by development, increased human use levels and a known negative response of
grizzly bears to sensory disturbance.
In addition to reducing total area of available habitat, habitat fragmentation also results
in remnant blocks of available habitat that are isolated to varying degrees (Lovejoy et al.
1984; Saunders et al. 1991). Understanding and measuring the degree of connectivity
between areas of available habitat is a primary aspect of classical habitat fragmentation
investigation (Noss and Harris 1986, Hobbs et al. 1990). This aspect of habitat
fragmentation has direct relevance to grizzly bear core area analysis, but the empirical
basis for such study is limited to date.
The remainder of this chapter of the report is an analysis of the role that habitat quality
plays for grizzly bears in the Banff Bow Valley Region. {The BanjJBow Valley Region
encompasses the Bow River watershed in Banff Park. This area should not be confused
with the entire Banff Fark land area which is the basis of discussionfor the core area
analy.\'IS of til is report. J Specifically \ve discuss: (1) the effects of changing levels of
human use on the habitat quality of core security areas available to grizzly bears for the
time periods 1950, 1995 and 2045; and (2) the effects of fire suppression and prescribed
burning on the habitat quality of core security areas available to !,Tfizzly bears for the
above time periods.

Methods
Changes in core security area status for grizzly bears were predicted based on reductions
in human land use levels and through the introduction of an hypothetical prescribed fire
regIme.
A hypothetical reduction in human use in the Banff Bow Valley Region was
accomplished using the same 1995 activity data as in previous analyses. Data from
human use class 3 ( 100-1 000 people/month) were moved to human use class 2 (10-100
people/month) to simulate a reduction in human activity. Core area analysis was then
performed for the Bow River watershed with the new data set, which ostensibly had one
human use class moved from the high to the low category.
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In order to assess changes in habitat quality we first applied Achuff et al. 's (1996) 32
broad vegetation types to the Parks Ecological Land Classification (Holland and Coen
1983) to depict a vegetation change sequence broken into 7 age classes (0-20, 21-40, 4180,81-120,121-200,201-300, and >300 years). The number of map polygons of each
ecosite that currently occurred in each of the seven age classes throughout BantTPark,
was determined through an overlay of ecosite polygons with stand origin maps. Late
summer (month of August) grizzly bear Ecosite Importance Values (ElV) (Kansas and
Riddell 1995) were then assigned to the age class that most frequently occurred within
the polygons mapped for each ecosite. EIVs were from 0 (nil quality) to 10 (highest
quality) and represented the current habitat quality of ecosites to grizzly bears. Ecosites
with vegetation cover types that did not change over time (i.e. edaphic or climatic climax
such as sedge fen or Alpine tundra or frequently disturbed habitat types such as
avalanche communities), were assigned the same (current) EIVs as reported by Kansas
and Riddell (1995) for all age classes. For all other ecosites, changes from late summer
grizzly bear EIVs were forecast into the future from the current age class by applying
EIVs from ecosites within the same ecosection designation and on the same site
conditions but that supported an older vegetation successional status.
Backcasting of grizzly bear EIVs from the current age class was done through a
subjective assessment process that relied primarily on recent studies of the effects of
stand age and site conditions on Buffaloberry fruit production (Hamer 1995).
Individual map polygons for forested ecosites were assigned a current age based on an
overlay with stand origin maps and were then assigned an appropriate vegetation type
according to ecosite and stand age.
Using the vegetation change sequences for each ecosite, the vegetation composition of
the BantTBow Valley Region was backcast to 1950 and forecast to 2045 using GIS
procedures. This was done for two scenarios: I) assuming no further disturbance from
fire from 1995 to 2045; and, 2) with a prescribed fire plan.
Late summer grizzly bear EIVs for each ecosite and seven age classes were entered into
a spreadsheet and provided to the GIS analyst. Digital maps oflate summer grizzly bear
habitat quality were then developed by integrating vegetation composition maps for
1950, 1995, and 2045 (with and without fire) with forecasted and backcasted grizzly bear
ElVs.
Digital maps of core security areas for the Banff Bow Valley Region were overlain onto
digital maps of late summer grizzly bear habitat quality for the time periods 1950, 1995,
and 2045 and for the two different fire regimes, with and without reductions in human
use. The land area of each of 10 classes of EIV was calculated for each core security
area polygon and time period/fire regime/human use reduction scenario.
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The area in core security status for each of 4 ecoregions/subregions (Montane, Lower
Subalpine, Upper Subalpine, and Alpine) and Water and Rock/Ice habitats was
calculated for each core polygon and time period/fire regime scenario.
Results and Discussion

A reduction in summer human use levels in the Bow River watershed, as prescribed by
the BanfTBow Valley Task Force, increased total core security areas by 31 % from the
current ( 1995) level. More importantly is the reduction in the number of discrete and
contiguous core map polygons from 38 to 20 and a significant increase in core polygon
2
size from 33.7 to 83.7 km . Both of these changes would serve to decrease the levels of
habitat fragmentation that grizzly bears currently face in Banff Park. The degree to
which this would change grizzly bear land use patterns or population status is unknown
but likely positive. High quality late summer grizzly bear habitat increased by 59% from
2
2
334.3 km to 531 km . This likely reflects the increased core security areas available to
grizzly bears at lower elevations, specifically the Montane Ecoregion.
2

Gains of9.3 km of class 10 (highest) habitat and 40.9 km 2 of class 8 habitat were
achieved by the year 2045 with reductions in human use and a no-fire scenario. However,
offsetting losses of 63.5 km 2 of class 9 habitat quality also occur. It appears that that
under a natural succession scenario with no fire, habitat quality of core areas for grizzly
bears remains somewhat static in a 50 year period. The effects of fire suppression if
extended beyond this time period are currently unknown.
Total core security area and number of core polygons given a hypothetical prescribed
fire regime (Achuff et al. 1996) and reductions in human use levels remains the same for
bl'fizzly bears, but there is a significant increase in the area ofland available as highest
quality core habitat. The total land area of core security polygons that are available as
highest quality habitat increases from 1.6 km 2 in 1995 to 157.5 km 2 in 2045 with
prescribed fire. Core security areas that achieve the greatest increase in highest quality
habitat are the Spray River valley and along the Sawback Range north of the Bow River.
We predict a positive response of the grizzly bear population in the Bow River watershed
of BanfT Park based on current scientific understanding of grizzly bear preference for
seral vegetation associations resulting from fire (Hamer and Herrero 1983; 1987; Zager
1980).
Table 4 illustrates changes in the land area of 10 classes of grizzly bear habitat quality
in the Bow River watershed of Banff Park for 4 time periods between 1950 and 2045,
with and without prescribed fire. Without prescribed burning there was a drastic drop in
the land area of highest quality grizzly bear habitat from the year 1950 to 1995, with
subsequent although lesser, decreases to almost nil by the year 2045. The next best class
of grizzly bear habitat also decreased steadily from 1950 to 2045 under a fire suppression
regIme.
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Interestingly, other classes of grizzly bear habitat, for the most part, remained relatively
stable for all 4 time periods under a fire suppression scenario. It is clear that with a
prescribed fire program the land area of highest quality grizzly bear habitat increases
dramatically. We predict that the influence of this postulated habitat improvement would
be positive for the brTIzz1y bear population.

Table 4. Changes of land area within 10 classes of grizzly bear habitat quality over timet

Enti r~~~y;
Habitat rating

.1

I

.~i.!~~!l!PE~~S~.~~~~.~~E!l!.!!g.,......~.!.!.~,.~E.~~~.~!~~~.~.!!~.!l,!!!gw.
1950
1995
2020
2045
2020
2045

1
2
3
4
5
6
7
8
9
10

5.4
3.4
9.6
126.2
159.6
539.5
296.7
314.4
416.4
56.6

5.4
2.3
10.3
135.8
157.7
584.3
273.6
320.6
434.4
5.4

5.4
5.4
10.7
137.3
157.4
608.9
248.1
375.1
378.0
3.5

5.4
2.3
9.2
138.2
158.8
630.8
283.9
373.1
327.1
0.9

5.5
8.2
10.7
122.5
154.8
540.2
271.2
346.7
281.0
189.1

5.5
14.4
11.6
99.4
160.2
482.5
342.4
364.2
259.6
189.9

33

1574.2

1574.2

1574.2

1574.2

1574.2

1574.2I

Based on Kansas and Riddell 1995.
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CONCLUSIONS AND RECOMMENDATIONS
The following conclusions and recommendations are based substantially on research
carried out for the BantT-Bow Valley Study, and reported in this paper. However, we
have also drawn on other relevant research results so that our recommendations address
what we conclude are the major threats to the !:,rrizzly bear population and habitat in
Banff Park, and to some extent, the surrounding region. We intend that these conclusions
and recommendations will be modified as better data become available.
Conclusion: The population status of grizzly bears in the Central Rockies Ecosystem is
not scientifically known. However, available evidence suggests a stressed population.
Discussion: Banff, Kootenay and Yoho National Parks are assumed to serve as the
protected core reserves for the grizzly bear population of the Central Rockies Ecosystem.
However, recent study in Yoho and Kootenay demonstrated unsustainably high mortality
rates, albeit for a relatively small sample (Raine and Riddell 1991). Mortality was
related primarily to grizzly bear hunting in British Columbia portions of the Central
Rockies Ecosystem. Scientific analysis of the B.C mortalities in the Central Rockies
Ecosystem has not been done but it is a widely held opinion among grizzly bear
researchers that this population is over-exploited. Demographic studies of grizzly bears
in Banff Park have not yet reached a point where enough data are available from this
source to comment on population status (Gibeau and Herrero 1995; Hovey and McLellan
1996). Banff Park is, however, one of the most developed landscapes in North America
where grizzly bears survive. The extensive development sets the scene for conflict
between grizzlies and people.
Data on grizzly bear mortalitieslremovals in Banff Park are at present the most
important information available regarding grizzly bear population status in the Banff
Park portion of the Central Rockies Ecosystem. Since, as discussed, very low humaninduced mortality rates are fundamental to maintaining grizzly bear populations, our
discovery of an absolute minimum of 2.92 grizzly bear mortalities/removals per year
from 1971 to 1995 is cause for alarm. While average mortalities/removals per year
appeared to have decreased beginning in 1983, and this is clearly positive, two things
suggest continued concern. First, since 1984, 16 out of 18 mortalities/removals (88%)
where the sex was recorded were female. This is the highest reported female mortality
rate for a 10 year or longer period that we know of in any grizzly bear population. Since
Eberhardt and Knight ( 1985) reported that the death of even 1 or 2 adult females could
have significant, negative population consequences for the Yellowstone grizzly bear
population, our recorded mortality percentage for females is of utmost concern. Second,
the high overall minimum number of mortalities/removals from 1978 to 1982 (39
mortalities/removals, 7.8 average per year) may have created a numerical population
depression not yet recovered from, especially given the subsequent female
mortalities/removals. Such lag effects are probable with low reproductive rates and
especially if subsequent mortality is concentrated in the female cohort (Mattson pers.
comm.).
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Another approach to eva Iuating the impact of known and possible (unrecorded)
mortalities/removals of grizzly bears in Banff Park is to try to estimate the percentage
losses due to human-caused mortality/removal. The generally mentioned, though
scientifically unproven, 1:,Tfizzly bear population estimate for Banff Park is 80 bears
(Vroom 1974). The Province of Alberta has established a mortality/removal target of
2% of an areas' grizzly bear population estimate to allow for population growth (Nagy
and Gunson 1990:vi). Applying the 2% figure to the Banff Park population would
suggest that mortalitieslremovals should have only averaged 1.6/year during 1971 to 1995
to allow for population growth. The minimum average number of mortalities/removals,
2.92 per year (3.65% based on a population estimate of 80), was an exceptionally high
grizzly bear mortality/removal rate for a national park. This approaches the target
mortality of 4% typically set for hunted populations in ecologically similar habitat (Dood
et al. 1986; Nagy and Gunson 1990).
Total human-caused mortalities/removals in Banff Park may have been significantly
higher than the minimum we report, and the population estimate of 80 grizzly bears may
be too high. Discussion with various park wardens suggests the possibility that total
human-caused mortality between 1971 to 1995 could have averaged as high as 5 grizzly
bears per year. Particularly during the 1970s, recording of mortalities/removals seems to
have been inconsistent. In addition to this, there are undetected human-caused mortalities
such as individuals that die in the bush after being hit by cars or trains. There were also
hunting mortalities in B.C. and Alberta for bears that have part of their home ranges in
Banff Park. The population estimate of 80 grizzlies is based on the now dated impression
of an experienced warden (Vroom 1974). The impression of the Eastern Slopes Grizzly
Bear Research Project members is that an estimate of the current population size is closer
to 60 1:,'Tizzly bears. If an average of 5 1:,'Tizzlies per year were lost out of a population of
60 individuals then this would be 8.3%, a human-caused mortality rate where population
decline would be highly probable (Bunnell and Tait 1980; Dood et aI. 1986). We suggest
that the true human-caused mortality/removal rate for grizzly bears in Banff Park lies
between 3.65% and 8.3 %, and that any figure in this range is unacceptably high given the
supposed core refugia function of national parks. Which ever way the data are analyzed
we are comparing a minimum level of mortality (i.e., confirmed mortality) with a most
likely estimate of population size. Estimates of mortality rate are thus biased low in all
cases and at all times except in cases where you know 100% of the mortality is recorded.
Further evidence suggesting probable numerical declines in the Banff Park population
over time come from the extensive habitat disturbance and fragmentation impacts that we
have demonstrated and discussed.
The other portion of the Central Rockies Ecosystem where grizzly bears are found is on
lands under Alberta Provincial jurisdiction. A population study by Wielgus and Bunnell
(1994) suggested at best a stable but numerically small hunted population in nearby
Kananaskis Country for the period 1980 to 1984. Since then this area has been fully
closed to grizzly bear hunting, although human-caused mortalities continue (Gunson
1995). The status of grizzly bears in the Alberta portion of the Central Rockies
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Ecosystem is unknown. The partial ban on hunting has no doubt been positive, but once
again this is counterbalanced by grizzly bears partly resident in Alberta (or Banff Park)
being legally hunted in B. C. and certain portions of Alberta. In addition, there has been
increasing resource extraction and recreational use of grizzly bear habitat in Alberta.
Recommendation 1: Implement an interagency mortality/removal monitoring
system for the Central Rockies Ecosystem which brings together data from Parks Canada,
and the provinces of Alberta and British Columbia. Annual summaries must be
published. Regional targets for total allowable human-caused mortality should be
established on a jurisdictional basis, based on the best available demographic data.
Recommendation 2: Average annual mortality/removal of grizzly bears for Banff
Park, calculated as three year running averages, should not exceed I % of the current
population estimate. Based on the current population estimate of 60-80 grizzly bears,
Park losses should not exceed an average of .6-.8 bear per year. Mortalities/removals of
females must be less than males.
Recommendation 3: Parks Canada should request that B.C. and Alberta establish
a temporary no hunting zone for grizzly bears surrounding the national parks. This zone
would remain until population recovery or viability is scientifically demonstrated. The
size of this zone would be the diameter of an average female's multi-annual home range,
or about 20 km. This would prevent killing of female grizzly bears that have a portion of
their home range protected in national parks.
Recommendation 4: Continue the demographic studies currently being carried
out by the Eastern Slopes Grizzly Bear Research Project until sufficient data are available
for scientifically valid population trend and number estimates. About 100 "bear years"
of data are required, which will take between five to ten years of field research to collect
(Hovey and McLellan 1996). These data will be essential for determining annual
allowable mortality/removals in the Central Rockies Ecosystem. Once this is
determined, long-term monitoring of recruitment, and as previously recommended
mortality rates, will help to document !:,'Tizzly bear population status.
Recommendation 5: Because of documented population stresses, management of
grizzly bears in Banff Park must become conservative. The burden of proof regarding the
potential impacts of development should require the proponent to prove there would be
no significant local or cumulative effect on grizzly bears.
Conclusion: The 6'Tizzly bear population in the Central Rockies Ecosystem moves freely
across jurisdictional boundaries. Habitat and mortality/removals must be managed
regionallv for effective grizzly bear management.
Discussion: This conclusion is well supported by preliminary data from the Eastern
Slopes Grizzly Bear Project (Gibeau and Herrero 1995; 1996). Dueck (1990) presented a
compelling argument regarding the need for interagency, multi-stakeholder, regional
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level management for far ranging carnivore species such as grizzly bears. This concept
was further supported and expanded by Herrero (1995) regarding grizzly bear populations
in all of the Canadian National Parks. The basic proposition of both researchers is not
new. They argue, as did Ne\\'T11ark (1985) and Paquet and Hackman (1995), that national
parks by themselves are too small to support viable populations of grizzly bears. To
maintain viable populations, significantly larger areas will need to be managed with
grizzly bear population viability as an objective.
We can begin by applying the landscape management model now generally accepted as
the basis for protecting a regions' biological diversity (Noss and Cooperrider 1994). This
model begins with a protected core. The strictly protected area is surrounded by buffer
zones where integrated management occurs. Special attention is paid to linkage zones
that join together core habitat throughout the region. The size of the overall reserve must
be large enough to support a long-term viable population of difficult-to-maintain species
such as grizzly bears. This is the model that conservation biologists agree is essential for
protecting a regions' biological diversity. To implement the model in the Central Rockies
Ecosystem would require a dramatically increased level of interagency, multi-stakeholder
cooperation.
Recommendation 6: Establish an interagency, multi-stakeholder group with
significant responsibilities for regional grizzly bear management. The Eastern Slopes
Grizzly Bear Steering Committee represents a beginning of this model. Given a more
official mandate this group could evolve into the recommended group. A common
habitat mapping framework is an essential first step for this group.
Conclusion: Management of grizzly bear-human conflict needs to be dealt with more
proactive Iv to prevent the need for management removal of bears from the system.
Discussion: We demonstrated in this paper that grizzly bear-human conflict is the
fundamental cause for management removal of grizzly bears in BantTPark. Since 1980,
management of conflict situations caused by attractants such as food and garbage has
improved dramatically in the Canadian Rocky Mountain National Parks (Herrero 1985).
The implementation of the current garbage management system has been the major
contributor to this success. During the 1990s, especially, mortalities and removals
appeared to be declining. This trend was contradicted in 1995, however, the 4 removals
from the population were all of problem bears translocated adjacent to Banff Park from
British Columbia.
If the annual average number of grizzly bears removed from Banff Park is to be only .6.8 grizzly bear per year then existing garbage and human food problems in developed
areas such as Lake Louise and Banff Townsite must continue to improve. These
developed areas offer enormous challenge because of the number of people associated
with them. In addition to problems in developed areas, conflict situations may develop
quickly in the backcountry, especially if a bear is rewarded by people's food or garbage.
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Habituation is a parallel problem to food-conditioning (Herrero 1985). Grizzly bears
can become accustomed to people's presence in the absence of food rewards. This
behavioral condition can be dangerous in the context of national parks. Aversive
conditioning is a potential means of addressing unwanted habituation. However, it should
be viewed as treating a symptom that might have a more permanent solution through
redesigning the nature of human use in the area where unwanted habituation is occurring.
Habituation is a complex behavior and does not lend itself to simple generalizations
(Herrero 1985). In Yellowstone National Park, habituated, and sometimes foodconditioned, grizzly bears had 3.1 times the mortality rate of wary bears (Mattson et al.
1992). Managing habituation and food-conditioning in Banff Park is fundamental to
maintaining a wary, healthy grizzly bear population.
Recommendation 7: Establish a dedicated, knowledgeable, Bear Management
Team in order to bring grizzly bear removals from Banff Park to acceptable levels and to
provide for high standards of human safety. This unit would be responsible for
monitoring and enforcing garbage and human food management standards, aversive
conditioning and hazing, and keepmg current regarding bear management standards
throughout North America. It would also be available as a rapid response team wherever
bear management problems developed in the front or backcountry. Such a team operates
in Denali National Park (Keay pers. comm.) It has had outstanding success in addressing
bear management situations.
Conclusion: Habitat effectiveness for grizzly bears in Banff National Park is
unacceptably low.
Discussion: Gibeau ( 1995a) conducted an analysis of the cumulative effects of
development on grizzly bear habitat in Banff, Yoho, and Kootenay National Parks. In
this type of analysis, which was based on a Cumulative Effects Model for grizzly bears,
inherent habitat quality was rated based on food values and other habitat parameters
(USDA Forest Service 1990~ Kansas and Riddell 1995). The inherent habitat quality of a
given Bear Management Unit (BMU) was then discounted based on disturbance factors
related to people's developments and activities. Disturbance factors have been
empir!cally shown to cause on average less use of a given habitat unit (USDA Forest
Service 1990). A habitat unit is rated as having high effectiveness when there is little
disturbance.
Gibeau (1995a) found that 44% of the BMUs in Banff Park were below the 80%
threshold of habitat effectiveness identified by Yellowstone National Park to be the point
where grizzly bear use of an area significantly declines. Units below this habitat
effectiveness threshold are predicted to be used significantly less than what would be
expected without disturbance. This means that substantial habitat loss has occurred
related to development and human activities. In our judgment this appears to be
sufficient to have decreased the carryi ng capacity of Banff Park for grizzly bears.
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Grizzly bear habitat quality in the lower elevation montane ecoregion is the highest of
all ecoregions for all 4 bTfizzly bear seasons (Kansas 1992, Kansas and Riddell 1995).
Habitat effectiveness of the montane ecoregion is so low, and with relatively little chance
ofrecovery, that compensation should be considered. In this context, compensation
might mean increasing the habitat effectiveness in other ecoregions of Bantf Park in an
attempt to compensate for losses of disproportionately high quality habitats in the
montane.
Recommendation 8: Prepare access and development management plans for each
of the Banff Park BMUs. The objective of the plans would be to increase habitat
etfectiveness for grizzly bears. This would be done by: (1) restricting use of, or
relocating, some trails and roads; and (2) limiting or disallowing overnight use of some
areas. Priority should be given to areas having good quality grizzly bear habitat, and
human use or developments whose impacts could be lessened through management
actions.
Recommendation 9·. Banff Park should continue to support research by the
Eastern Slopes Grizzly Bear Research Project aimed at empirically determining
disturbance coefficients specific to the Central Canadian Rockies Ecosystem. This
would allow for more accurate determination of habitat effectiveness, and the impacts of
developments and human activities on grizzly bears.
Conclusion: Grizzly bear habitat units (core security areas) are becoming increasingly
smaller. This habitat fragmentation is resulting in apparent functional loss of habitat, and
possible genetic isolation, as a result of developments and human activities.
Conclusion: The Trans-Canada Highway appears to be a significant barrier for grizzly
bear movement, thus causing habitat fragmentation.
Discussion: The results of the core security area analysis clearly demonstrate the
decreasing size over time of relatively undisturbed habitat units. This habitat
fragmentation etrect has occurred throughout Banff Park, but is dramatic in the Bow
River Valley. The decreasing size of core security areas is paralleled by a significant
decrease in total amount of core security area available throughout Banff Park.
We can surmise, but cannot demonstrate scientifically, that this is having demographic
effects by decreasing grizzly bear population size and possibly, long-term population
viability. Doak (1995) reached a similar conclusion regarding the linkage between
habitat degradation and potential population decline in the Yellowstone ecosystem. We
cannot scientifically demonstrate demographic and viability effects because baseline data
from the past do not exist. However, mortality and translocation data, very limited
bTfizzly bear use of BMU #22, and high habitat fragmentation all present converging
evidence that suggests grizzly bear population declines in the Bow River Valley.
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Preliminary data from the Eastern Slopes Grizzly Bear Research Project reveal that
home ranges of radio-collared females grizzly bears have not yet crossed the TransCanada Highway. This further identifies the highway as a major barrier resulting in
habitat fragmentation.
Analysis of mitochondrial DNA in the Central Rockies reveals only a single
predominant lineage suggesting isolation from other more diverse populations to the
north and south (Gibeau 1995b, Gibeau and Herrero 1996: Table 4).
Recommendation 10: Ensure effective, multiple crossings for grizzly bears,
especially in divided and fenced sections of the Trans Canada highway, to reduce habitat
fragmentation effects. Performance criteria will need to be established based on expert
judgment, and Research Project data. Monitoring of crossing rates, and applying an
adaptive management approach, will be essential until performance criteria are reached.
Overall a substantial budget will be required to achieve an acceptable level of grizzly
bear highway crossings.
The implementation of recommendation 8 would also aid in addressing the problem of
habitat fragmentation identified by the core security area analysis.
Conclusion: Habitat quality for grizzly bears appears to have declined significantly
during the past approximately 60 years.
Discussion: Hamer and Herrero (1983; 1987) demonstrated the importance of fire in
Banff Park in producing important grizzly bear foods such as buffaloberries, hedysarum
roots, bearberries, certain grasses, and ungulates such as elk, moose, and deer. Recent
research by Hamer (1995; 1996) confirms and expands on the understanding of the
relationship between fire and the production of grizzly bear foods. With fire suppression
the relative abundance of important fire successional grizzly bear forage items appears to
have declined. Specific effects of this on grizzly bears have not been demonstrated but
population declines have been predicted if fire suppression continues (Hamer and
Herrero 1983).
Recommendation 11: Restore fire to its historic, natural regime in all possible
portions of Banff Park because fire has been nearly eliminated from its natural role in the
landscape for the past 60 years, and because grizzly bears are adapted in the Central
Rockies Ecosystem to forage in high quality, post-fire environments. This should include
both lightning-ignited fires and prescribed bums lit by park managers. This fire
restoration should be based on the historic fire regime as well as considerations of public
safety, property, neighbouring lands, tourism and special features.
Conclusion: Significant, direct loss of Bow Valley, montane ecoregion habitat has
occurred.
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Discussion: While our present analysis did not focus on this problem, direct loss of
Banff Bow Valley montane habitat to developments such as the Trans-Canada Highway,
and Banff Townsite, has been well documented (NRCB 1993a; Paquet et al. 1994). This
direct habitat loss will increase in the future as the Trans-Canada Highway is further
redeveloped (Parks Canada 1995). According to the grizzly bear habitat model for Banff
Park, the montane ecoregion supports the most productive year round habitat for grizzly
bears in the Park (Kansas 1992; Kansas and Riddell 1995). The problem of direct habitat
loss is compounded by habitat alienation (loss of habitat effectiveness), habitat
fragmentation, and habitat quality decline due to fire suppression. Only 2.5% of the
montane ecoregion currently supports core security areas for grizzly bears, compared to
45% and 41.2% for the lower and upper subalpine ecoregions respectively.
Recommendation 12: Further development should not be allowed in the montane
ecoregion beyond that necessary for Trans-Canada Highway redevelopment. Dedevelopment should be considered for all non-essential developed areas. This could
reclaim some lost montane habitat and would address other habitat related issues such as
habitat alienation.
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