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6.6 SPATIAL AND TEMPORAL ANALYSIS OF HUMANCAUSED GRIZZLY BEAR MORTALITIES AND THEIR
DENSITY IN THE CENTRAL ROCKIES ECOSYSTEM,
1972/78–2002
Stephen Herrero, Scott Jevons, and Bryon Benn

ABSTRACT
We analyzed records of 686 human-caused grizzly bear mortalities that occurred 1972–2002 in the Central
Rockies Ecosystem (CRE). Our analysis focused on 106 human-caused female mortalities with acceptably
accurate locations in Alberta, and 129 in British Columbia. Using a geographical information system (GIS)
we analyzed the human-caused, female grizzly bear mortality densities for 2 time periods for each province:
1972–1989 and 1990–2002 for Alberta, and 1978–1989 and 1990–2002 for British Columbia. We present
detailed geographic descriptions of areas having identifiable concentrations of human-caused female
mortalities for each time period. The average number of human-caused female mortalities per year and the
number of mortality concentration areas increased over time in BC and decreased in Alberta. We suggest
that area specific mortality information and its changes over time should be a consideration in management
decisions related to human-caused grizzly bear mortality and habitat. Four of the areas that had
concentrated human-caused female mortalities over some of their extent were shown in another study to also
have a high probability of selection by females. These areas were: 1) around the hamlet of Lake Louise, 2)
from the Red Deer River/Ya Ha Tinda area and south to and including the Burnt Timber drainage, 3) around
Banff townsite and, 4) along the Canmore/Bow River corridor as far east as the Kananaskis River drainage
and the Old Fort Creek drainage, and extending south to include the Wind Valley and the Evan-Thomas
Recreation Area. These areas that are attractive to female grizzly bears also have significant risk of death for
them. They are candidates for management action aimed at grizzly bear conservation. Using GIS generated
maps we also illustrated the geographic distribution of a number of variables known to be associated with
grizzly bear mortality. These variables were: access, the location of grizzly bear and ungulate hunting, the
location of protected areas, and land ownership. Understanding the relationship between these variables and
human-caused grizzly bear mortality could help to geographically and jurisdictionally focus grizzly bear
conservation efforts.

INTRODUCTION
Demographic vigor exists when a population is increasing or at least maintaining itself. The most
important demographic parameter that supports vigorous populations of grizzly bears is a high survival rate
for independent, especially adult, female bears (Knight and Eberhardt 1985, Eberhardt 1990, Garshelis et al.
2005). A year to year adult female survival rate of at least 92% has been reported for all Rocky Mountain
grizzly bear populations estimated to be stable or increasing (Weaver et al. 1996). Managers of grizzly bear
populations need knowledge of variables influencing mortality to be able to evaluate decisions that would
influence demographic vigor.
Univariate analysis to identify variables associated with grizzly bear mortality in the Central Rockies
Ecosystem (CRE) found that 98% (627 of 639) of recorded mortalities, 1971–1996, were human-caused
(Benn 1998). Eighty-five percent of 462 human-caused deaths with known locations occurred within 500 m
of roads or settlements, or within 200 m of trails. Deaths were concentrated in certain areas such as around
the Banff townsite, the hamlet of Lake Louise, along the Trans Canada Highway, and along roads and trails
accessing many valley systems throughout the CRE (Benn 1998, Benn and Herrero 2002). In Banff National
Park, 1971–1998, 100% (95 of 95) grizzly bear mortalities with known locations were close to roads, trails or
settlements (Benn and Herrero 2002).
Subsequent, multivariate analysis of grizzly bear mortality data for the Alberta (including Banff National
Park) portion of the CRE was used to model the distribution of grizzly bear mortalities, 1971–2002 (Nielsen
et al. 2004). Predictor variables included landscape attributes as well as variation in location among seasons,
sex, sex-age class, and mortality type. Grizzly bear mortalities were concentrated in 3 main regions of the
CRE: (1) Lake Louise; (2) Banff town site; and (3) Alberta Provincial lands near the Red Deer River. Some
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level of mortality risk occurred throughout the study area. There was little secure habitat. There was no
evidence for environmental differences in mortality locations between sexes or season, but strong differences
in sub-adult male and legal harvest locations. Sub-adult male and legal harvest mortalities occurred further
from access and vegetation edges than did all other sex-age classes and mortality types. Models describing
the relative risk of bear mortalities were positively associated with access, water, and edge features, while
negatively associated with terrain ruggedness and greenness (habitat quality surrogate) indices.
The objective of this research was to further analyze spatial and temporal aspects of grizzly bear
mortality data in the entire CRE. We geographically locate and illustrate grizzly bear mortalities and assess
changes over time. We map environmental variables known to be associated with grizzly bear mortality. We
offer spatially-based management implications that could be used to help support levels of grizzly bear
mortality conducive to demographic vigor.

METHODS
We used government records to determine the locations where human-caused grizzly bear mortalities
and removals (hereafter called mortalities) occurred in the Alberta (including Banff National Park) and
British Columbia (including Yoho National Park) portions of the Central Rockies Ecosystem, 1972 (Alberta),
1978 (British Columbia) – 2002. We did additional research to improve location accuracy where possible
(Benn 1998, Benn and Herrero 2002, Chapter 6.4, this report). Mortality locations were mapped using
ArcGIS© version 8.3 software and were displayed for 1972– 2002 for all known dead bears.
We further analyzed human-caused female grizzly bear mortality locations in Alberta and British
Columbia. We divided data into 2 time periods, 1972/1978–1989 and 1990–2002. These periods were
chosen because in Alberta the national parks had closed previously open landfill sites during the 1980s and
the Province of Alberta implemented more conservative management practices at the same time period,
formally establishing the new policy in 1990 with publication and application of its grizzly bear management
plan (Nagy and Gunson 1990). British Columbia replaced open garbage dumps with bear resistant landfill
sites in the mid 1990s.
Human-caused mortality locations for females from Alberta and BC were analyzed separately, in each
case using a moving window and ArcGIS© version 8.3 software to determine mortality density. For
mortality locations in Alberta we used a moving window size equal to the mean home range size, 520 km2,
found for adult female grizzly bears trapped in the Bow River Watershed of Alberta, 1994–2002 (Chapter 9,
this report). For mortality locations in British Columbia we used a moving window size of 103 km2, the
mean home range for adult female grizzly bears studied in this more productive habitat (John Woods, Parks
Canada, Revelstoke, B.C., unpublished data). Adult female-sized home range windows were used to analyze
mortality density since they reflected a geographic extent where mortality for an adult female might occur.
While these windows were useful for representing mortality density they did not represent specific home
range areas for individual females.
For Alberta we were able to overlay the mortality density map and a map of probability of occurrence of
adult females (see Chapter 10.3, this report). This allowed us to identify the human-caused mortality risk
associated with areas that an RSF model predicted female grizzly bears would be attracted to.
We also used ArcGIS© version 8.3 to map spatial/landuse variables previously found to be associated
with grizzly bear mortality risk in the CRE. These landuse variables included: access, grizzly bear hunting,
ungulate hunting, protected areas, and land jurisdiction.

RESULTS
Human-caused adult male and female grizzly bear mortalities: There were 686 human-caused mortality
records with locations, 235 recorded as females, and 57 records with no locations. Fourteen of the 57 records
were known females. Our mortality density calculations give minimal densities because of lack of locations
for some recorded mortalities and lack of recording for others. Human-caused grizzly bear mortalities,
including both males and females, were widely distributed throughout the CRE including areas protected
from grizzly bear hunting (Figure 1).
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Figure 1. Human-caused grizzly bear mortality locations in the Central Rockies Ecosystem: Alberta 1972 to
2002, British Columbia 1978 to 2002.

Human-caused adult female grizzly bear mortalities in Alberta: There were more human-caused female
mortalities in Alberta (including Banff National Park), 1972–1989, N=79, 4.4/ year than there were 1990–
2002, N=31, 2.2/year.
During 1972–1989 we determined geographic locations where 75 of the 79 recorded human-caused
mortalities occurred. We identified 6 geographic areas where human-caused female mortality density was
≥0.28 mortalities/year (Figure 2, Table 1). This was equivalent to a minimum of 5 human-caused female
grizzly bear mortalities in 18 years.
6.6 Mortality density in the Central Rockies Ecosystem, 1972/78 – 2002 — S. Herrero et al.
FINAL REPORT OF THE EASTERN SLOPES GRIZZLY BEAR PROJECT – 2005

114

Figure 2. Human-caused female grizzly bear mortality locations and densities for Alberta, Central Rockies
Ecosystem: 1972 to 1989.
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Table 1. Area specific, human-caused, grizzly bear mortality locations and densities in the Central Rockies
Ecosystem: Alberta 1972 to 1989 and 1990 to 2002; British Columbia 1978 to 1989 and 1990 to 2002.

During our most recent period of analysis, 1990 – 2002, we had geographic locations for 31 human-caused
female mortalities and we identified 4 geographic locations where mortality density was ≥ 0.23
mortalities/year (Figure 3, Table 1). This was equivalent to a minimum of 3 mortalities in13 years.
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Figure 3. Human-caused female grizzly bear mortality locations and densities for Alberta, Central Rockies
Ecosystem: 1990 to 2002.

Adult female grizzly bear mortalities in British Columbia: In BC, 1978–1989, there were N=51, 4.3/year,
human-caused female mortalities. In BC, 1990 – 2002, mortalities increased and there were N=78, 6.0/year.
During 1978 – 1989 we identified 5 geographic locations where human-caused female grizzly bear mortality
density was ≥ 0.25 mortalities/yr (Figure 4, Table 1). This was equivalent to a minimum of 3 mortalities in
12 years.
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Figure 4. Human-caused female grizzly bear mortality locations and densities for British Columbia, Central
Rockies Ecosystem: 1978 to 1989.

During our most recent period for analysis, 1990 – 2002, we identified 10 geographic locations where
human-caused female grizzly bear mortality density was ≥ 0.23 mortalities/year (Figure 5, Table 1). This
was equivalent to a minimum of 3 mortalities in 13 years.
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Figure 5. Human-caused female grizzly bear mortality locations and densities for British Columbia, Central
Rockies Ecosystem: 1990 to 2002.

Mortality density and geographic areas with a high probability of selection: In another study four
geographic regions in the CRE were identified where there was a concentration of landscapes having a high
probability of selection by adult female grizzly bears (Chapter 10.3, this report). These areas were: 1) around
the hamlet of Lake Louise, 2) from the Red Deer River/Ya Ha Tinda area and south to and including the
Burnt Timber drainage, 3) around Banff townsite and, 4) along the Canmore/Bow River corridor as far east as
the Kananaskis River drainage and the Old Fort Creek drainage, and extending south to include the Wind
Valley and the Evan-Thomas Recreation Area. Each of these areas we also identified as having concentrated
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mortalities over some of their extent, although the Banff townsite area only showed concentrated mortalities
during the 1972–1989 period.
The location of access (linear corridors) in the CRE (Figure 6): Human landscape access by roads open to
motorized vehicles, or trails/closed roads open to humans on foot, is extensive in the CRE. In Alberta,
outside of Banff National Park, access is often related to previous seismic exploration or development with
some access related to public transportation roads and to forestry.

Figure 6. Current access (linear corridors) within the Central Rockies Ecosystem.
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In Banff, Yoho and Kootenay National Parks there is major, high speed motorized vehicle access and also
extensive trail networks. In British Columbia, outside of the national parks, vehicle access is associated with
public transportation roads and forestry roads open to the public.
The location of grizzly bear hunting within the CRE (Figure 7): Most grizzly bear hunting in the Alberta
portion of the CRE occurs north of the Bow River and adjacent to Banff National Park. Grizzly bear hunting
is not legal in the national parks nor in Kananaskis Country. In BC grizzly bear hunting is legal on most
provincial land outside of national parks. Grizzly bear hunting is legal in BC provincial parks in the CRE.
Figure 7. Grizzly bear hunting
within the Central Rockies
Ecosystem.

The location of ungulate hunting within the CRE (Figure 8): Ungulate hunting occurs on most provincial
land outside of national parks where no hunting is allowed. There is no ungulate hunting in a few provincial
parks in Alberta in the CRE and in small ecological reserves in Alberta and BC.
The location of protected areas within the CRE (Figure 9): The core of the CRE is formed by national
parks where hunting and resource extraction are not permitted. Provincial Parks in Alberta and BC mostly
allow hunting as noted but do not allow resource extraction. Outside of national and provincial parks and
other protected areas there is extensive grizzly bear habitat in the CRE in Alberta and BC on multiple-use,
non-protected land.
Land ownership in the CRE (Figure 10): Relative to the size of the CRE only a small fraction of land is
privately owned or designated as First Nation Reservation.
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Figure 8. Ungulate hunting within the
Central Rockies Ecosystem.

Figure 9. Protected areas within the
Central Rockies Ecosystem.
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Figure 10. Land ownership within the
Central Rockies Ecosystem.

DISCUSSION
Our spatial and temporal analysis of human-caused grizzly bear mortalities focused on mortalities of
females because of their critical role in reproduction and demographic vigor. Changes in mortality density
and average number of known mortalities per year between the times we studied do not necessarily reflect
changes in the abundance of grizzly bears. The average number of human-caused, female mortalities per
year and the number of mortality concentration areas increased over time in BC and decreased in Alberta.
Human-related variables influencing mortality and abundance include motorized access, grizzly bear and
ungulate hunting, peoples’ food and garbage attractants, etc. all of which have changed in the CRE during our
period of study. The only scientifically rigorous assessment of population status for even a portion of the
CRE was carried out in the Bow River Watershed (Garshelis et al. 2005). This study reported a 90%
probability that this population had a positive growth rate during the period 1994–2002.
Our spatial and temporal analysis of human-caused female grizzly bear mortalities identified geographic
areas where mortalities have occurred and areas of relatively high mortality density. We also illustrate how
mortality density has changed geographically over time. This information is intended to inform land and
grizzly bear management decisions that might influence human-caused grizzly bear mortality.
The widespread distribution of the 686, human-caused, grizzly bear mortalities and their locations,
1972/78–2002, illustrates the low habitat security that is typical for grizzly bears in the CRE (Gibeau et al.
2001, Nielsen et al. 2004, Chapter 12, this report). Some of the ESGBP research in the CRE found no
differences between environmental characteristics of sites where male or female grizzly bears died (Nielsen
et al. 2004). Perhaps the scale of analysis was too coarse to detect differences. Benn and Herrero (2002)
found that 80% of recorded adult grizzly bear mortalities, 1985–1998, in Banff and Yoho National Parks
were females, showing that adult females were more likely to die inside of national parks than were adult
males. ESGBP demographic research found that 90% of human-caused adult male grizzly bear mortalities of
bears radiomarked in the Bow River Watershed occurred outside of national park boundaries (Garshelis et al.
2005). These findings show that certain variables such as whether an area is a national park co-vary with the
probability of female versus male death.
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Demographic analysis by the ESGBP (Garshelis et al. 2005) and other researchers (Eberhardt 1990) has
demonstrated that a high rate of adult female survival is critical to population growth or maintenance. Such a
high rate of adult male survival is not necessary for population growth or persistence (Eberhardt 1990,
Garshelis et al. 2005). With this in mind we focused our spatial and temporal analyses of grizzly bear
mortality locations on independent females.
While adult female mortalities were widely distributed in our large study area there were also areas of
geographically concentrated mortality. The existence of areas of concentrated adult female mortalities
suggests the possibility that in these areas population sink conditions may exist. Additional demographic
research would be needed to determine this.
Other research identified 4 areas in the Alberta portion of the CRE that had a concentration of high
probabilities of adult female occurrence (Chapter 10.3, this report). These areas were also identified as
having concentrated adult female grizzly bear mortality, although one area, the Banff townsite only showed
this during the 1972–1989 period of analysis. Nielsen (2004) has referred to such areas as attractive
population sinks. He and we believe they are areas where management action to reduce human-caused adult
female mortalities could enhance population status.
Research has demonstrated a strong association between motorized access and grizzly bear mortality
probability (McLellan 1989, Mace et al. 1996, Benn and Herrero 2002). The well developed, motorizedaccess linear corridors present throughout the CRE (Figure 6) are a fundamental factor associated with
human-caused grizzly bear mortalities (Benn 1998, Benn and Herrero 2002, Nielsen et al. 2004, Chapters 6.3,
6.4, this report). In Alberta there are over 1,000,000 km of linear features (major roads, minor roads,
hiking/biking trails, transmission lines, seismic, pipelines, etc.) (Chapter 13, this report). This volume of
linear corridors makes it difficult to provide for grizzly bear habitat security. This is true but to a lesser
extent in BC (Chapter 12, this report).
Grizzly bear hunting is permitted in most portions of the CRE where the species occurs outside of
national parks. The exceptions to this are areas south of and just north of the Bow River. Here, concern for
grizzly bear abundance has led to grizzly bear hunting closures. As we continue to develop access and
landuse in the currently hunted portions of the CRE in Alberta north of the Bow River, then further hunting
closures should be expected as grizzly bear populations decline in response to multiple and increasing causes
of mortality such as currently exist south of the Bow River (Chapters 6.2 and 6.4, this report).
Ungulate hunting and associated carcasses leading to encounters with grizzly bears is a major factor
associated with grizzly bear mortalities in the Greater Yellowstone Ecosystem (Servheen et al. 2004).
ESGBP research has also shown it was a significant factor in the Bow River Watershed (Chapter 6.2, this
report).
The shape of protected areas in the CRE is not ideal from a grizzly bear conservation perspective. The
shape is longer than it is wide and the northern and southern ends of the protected areas have narrow
protected area “appendages.” These shapes overall create a large area of contact with non-protected areas
and this increases the probability of grizzly bear mortality.
In the Greater Yellowstone Ecosystem private lands account for a disproportionately large number of the
reported grizzly bear-human conflicts (Gunther et al. 2004, Servheen et al. 2004). While there is little private
land in occupied grizzly bear range in the CRE, some of this, such as the town of Canmore, has recently
shown high mortality risk for grizzly bears. First Nation Reservation lands also are only a small part of the
CRE but they too have a disproportionately high mortality risk (Chapters 6.2 and 6.4, this report).

MANAGEMENT IMPLICATIONS
Knowledge of locations where human-caused, female grizzly bear mortalities have been concentrated
and their changes over time may be used to inform land and grizzly bear management decisions. Managers
may chose to carefully monitor mortalities in these areas and in some cases take steps to decrease mortalities.
Lake Louise is one such area where there has been long term, relatively high mortality density. Because it is
located in Banff National Park steps should and are being taken to decrease female grizzly bear mortalities.
Success needs to be demonstrated. This can be done by monitoring and regularly analyzing mortalities and
achieving desired female mortality rates.
Where mortalities are concentrated in landscapes with a high probability of adult female occurrence,
then to support grizzly bear conservation management, actions should enhance adult female survival. Our
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results for the Alberta portion of the CRE identified 4 such areas. We recommend a high priority be given to
ensuring human-caused adult female mortality in each of these areas is at least sustainable. These areas have
varying degrees of habitat protection. Consideration should be given to improving this in all 4 areas
including Banff National Park. The most obvious and perhaps urgent such area to be considered for
additional protection is the Ya Ha Tinda/Red Deer River area and south to and including the Burnt Timber
drainage.
Access management is a key issue in planning for grizzly bear persistence. Female grizzly bear
mortalities were located disproportionately near motorized access (Benn 1998, Benn and Herrero 2002,
Nielsen et al. 2004). The lack of high levels of habitat security for grizzly bears in the CRE could be
addressed through access management. In portions of the CRE where grizzly bear hunting exists and there is
area concentrated mortality, specific restrictions, such as access control, could be used to decrease humancaused female mortality and to encourage population growth.
Knowledge of the spatial distribution of mortalities, areas where they concentrate and changes over time,
could also serve as input in deciding where to locate hair-snagging grids for DNA-based population
estimation and range determination. By targeting areas where female grizzly bear mortalities were
concentrated in the past, but no longer are, research could suggest the extent to which such areas are currently
occupied.
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